















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































8087 NUMERIC DATA PROCESSOR

As shown in the next section, the 8087 has built-in
instructions for -loading the constants LOG,10
and LOG,e, and the FYL2X instruction may be
used to calculate X*LOG,Y.

FYL2X

FYL2X (Y log base 2 of X) calculates the function
Z=YeLOG,X. X is taken from the stack top and
Y from ST(1). The operands must be in the ranges
0 <X <o and— o <Y <+ o, The instruction
pops the stack and returns Z at the (new) stack
top, replacing the Y operand. -

This function optimizes the calculation of log to
any base other than two smce a multiplication is
always required:

LOG, 2« LOG,X

FYL2XP1

FYL2XP1 (Y log base 2 of (X + 1)) calculates
the function Z = YeLOG, (X+1). X is taken
from the stack top and must be in the range
0 <IXI< (1 =(\272)). Y is taken from ST(1) and
must be in the range — ' <Y < «, FYL2XPI
pops the stack -and returns Z at the (new) stack
top, replacing Y. -

This instruction provides improved accuracy over
FYL2X when computing the log of a number very
close to 1, for example 1 + ¢ where ¢ << 1.
Providing ¢ rather than 1 + ¢ as the input to the
function allows more significant digits to be
retamed

Constant Instructions

Each of these instructions (table S-15) loads
(pushes) a commonly-used constant onto the
stack. The values have full temporary real preci-
sion (64 bits) and are accurate to approximately
19 decimal digits. Since a temporary real constant
occupies 10 memory bytes, the constant instruc-
tions, which are only two bytes long, save storage
and improve execution speed, in addition to
simplifying programming.

. Table S-15. Constant Instructions

FLDZ Load +0.0
FLD1 Load +1.0
FLDPI Loadn
FLDL2T Load log,10
FLDL2E " Load log,e
FLDLG2 Load log,,2
FLDLN2 Loadlog,2

FLDZ

FLDZ (load zero) loads (pushes) +0.0 onto the
stack.

FLD1

FLD1 (load one) loads (pushes) +1.0 onto the
stack.

FLDPI

FLDPI (load n) loads (pushes) n onto the stack.

FLDL2T

FLDL2T (load log base 2 of 10) loads (pushes) the
value LOG,10 onto the stack.

FLDL2E

FLDL2E (load log base 2 of ¢) loads (pushes) the
value LOG,e onto the stack.

FLDLG2

FLDLGZ (load log base 10 of 2) loads (pushes)
the value LOG102 onto the stack.

FLDLN2

FLDLN2 (load log base e of 2) loads (pushes) the
value LOG_2 onto the stack.

Mnemonics © Intel 1980
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Processor Control Instructions

Most of these instructions (table S-16) are not
used in computations; they are provided prin-
cipally for system-level activities. These include
initialization, - exception handling and task
switching.

As shown in table S-16, an alternate mnemonic is
available for many of the processor control
instructions. This mnemonic, distinguished by a
second character of ‘““N”’, instructs the assembler
to not prefix the instruction with a CPU WAIT
instruction (instead, a CPU NOP precedes the
instruction). This ‘‘no-wait’’ form is intended for
use in critical code regions where a WAIT instruc-
tion might precipitate an endless wait. Thus,
when CPU interrupts are disabled, and the NDP
can potentially generate an interrupt, the no-wait
form should be used. When CPU interrupts are
enabled, as will normally be the case when an
application task is running, the ‘‘wait’’ forms of
these instructions should be used.

Except for FNSTENV and FNSAVE, all instruc-
tions which provide a no-wait mnemonic are self-
synchronizing and can be executed back-to-back
in any combination without intervening FWAITs.
These instructions can be executed by the 8087
CU while the NEU is busy with a previously
decoded instruction. To insure'that the processor
control instruction executes after completion of
any operation in progress in the NEU, the ¢‘wait”’
form of that instruction should be used.

FINIT/FNINIT

FINIT/FNINIT (initialize processor) performs
the functional equivalent of a hardware RESET
(see section S.6), except that it does not affect the
instruction fetch synchronization of the 8087 and
its CPU.

For compatibility with the 8087 emulator, a
system should call the INIT87 procedure in lieu of
executing FINIT/FNINIT when the processor is
first initialized (see section S.8 for details). Note
that if FNINIT is executed while a previous 8087
memory referencing instruction is running, 8087
bus cycles in progress will beaborted.

FDISI/FNDISI

FDISI/FNDISI (disable interrupts) sets the inter-
rupt enable mask in the control word and
prevents the NDP from issuing an interrupt
request.

Table S-16. Processor Control Instructions

FINIT/FNINIT Initialize processor

FDISI/FNDISI Disable interrupts

FENI/FNENI Enable interrupts

FLDCW Load control word

FSTCW/FNSTCW Store control word

FSTSW/FNSTSW Store status word

FCLEX/FNCLEX Clear exceptions

FSTENV/FNSTENV | Store environment

FLDENV Load environment

FSAVE/FNSAVE Save state

FRSTOR Restore state

FINCSTP Increment stack pointer

FDECSTP Decrement stack pointer

FFREE Free register

FNOP No operation

FWAIT CPU wait
FENI/FNENI

FENI/FNENI (enable interrupts) clears the inter-
rupt enable mask in the control word, allowing
the 8087 to generate interrupt requests.

FLDCW source

FLDCW (load control word) replaces the current
processor control word with the word defined by
the source operand. This instruction is typically
used to establish, or change, the 8087’s mode of
operation. Note that if an exception bit in the
status word is set, loading a new control word
that unmasks that exception and clears the inter-
rupt enable mask will generate an immediate
interrupt request before the next instruction is
executed. When changing modes, the recom-
mended procedure is to first clear any exceptions
and then load the new control word.

S-39
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FSTCW/FNSTCW destination

FSTCW/FNSTCW (store control word) writes
the current processor control word to the memory
location defined by the destination.

FSTSW/FNSTSW destination

FSTSW/FNSTCW (store status word) writes the
current value of the 8087 status word to the
destination operand in memory. The instruction
has many uses:

* to implement conditional branching
following a comparison or FPREM instruc-
tion (FSTSW);

® to poll the 8087 to determine if it is busy
(FNSTSW);

® toinvoke exception handlers in environments
that do not use interrupts (FSTSW).

FCLEX/FNCLEX

FCLEX/FNCLEX (clear exceptions) clears all
exception flags, the interrupt request flag and the
busy flag in the status word. As a consequence,
the 8087’s INT and BUSY lines go inactive. An
exception handler must issue this instruction
before returning to the interrupted computation,
or another interrupt request will be generated
immediately, and an endless loop may result.

FSAVE/FNSAVE destination

FSAVE/FNSAVE (save state) writes the full 8087
state—environment plus register stack—to the
memory location defined by the destination
operand. Figure S-18 shows the layout of the 94-
byte save area; typically the instruction will be
coded to save this image on the CPU stack. If an
instruction is executing in the 8087 NEU when
FNSAVE is decoded, the CPU queues the
FNSAVE and delays its execution until the run-
ning instruction completes normally .or
encounters an unmasked exception. Thus, the
save image reflects the state of the NDP following
the completion of any running instruction. After
writing the .state image to memory,
FSAVE/FNSAVE initializes the 8087 as if
FINIT/FNINIT had been executed.

FSAVE/FNSAVE is useful whenever a program
wants to save the current state of the NDP and
initialize it for a new routine. Three examples are:

® an operating system needs to perform a
context switch (suspend the task that had
been running and give control to a new task);

¢ aninterrupt handler needs to use the 8087;

® an application task wants to pass a ‘“clean”
8087 to a subroutine.

FNSAVE must be ‘‘protected’’ by executing it in
a critical region, i.e., with CPU interrupts dis-
abled. This prevents an interrupt handler from
executing a second FNSAVE (or other ‘‘no-wait”’
processor control instruction that references
memory) which could destroy the first FNSAVE
if it is queued in the 8087. An FWAIT should be
executed before CPU interrupts are enabled or
any subsequent 8087 instruction is executed.
(Because the FNSAVE initializes the NDP, there
is no danger of the FWAIT causing an endless
wait.) Other CPU instructions may be executed
between the FNSAVE and the FWAIT; this
parallel execution will reduce interrupt latency if
the FNSAVE is queued in the 8087.

FRSTOR source

FRSTOR (restore state) reloads the 8087 from the
94-byte memory area defined by the source
operand. This information should have been writ-
ten by a previous FSAVE/FNSAVE instruction
and not altered by any other instruction. CPU
instructions (that do not reference the save image)
may immediately follow FRSTOR, but no NDP
instruction should be without an intervening
FWAIT or an assembler-generated WAIT.

Note that the 8087 ‘‘reacts’’ to its new state at the
conclusion of the FRSTOR; it will for example,
generate an immediate interrupt request if the
exception and mask bits in the memory image so
indicate.

FSTENV/FNSTENYV destination

FSTENV/FNSTENYV (store environment) writes
the 8087’s basic status—control, status and tag
words, and exception pointers—to the memory
location - defined by the destination operand.
Typically the environment is saved on the CPU
stack. FSTENV/FNSTENYV is often used by

Mnemonics © Intel 1980
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exception handlers because it provides access to
the exception pointers which identify the offend-
ing instruction and operand. After saving the
environment, FSTENV/FNSTENYV sets all excep-
tion masks in the processor; it does not affect the
interrupt-enable mask. Figure S-19 shows the for-
mat of the environment data in memory. If
FNSTENV is decoded while another instruction is
executing concurrently in the NEU, the 8087
queues the FNSTENV and does not store the
environment until the other instruction has com-
pleted. Thus, the data saved by the instruction
reflects the 8087 after any previously decoded
instruction has been executed.

INCREASING ADDRESSES

15 0
CONTROL WORD +0
STATUS WORD +2
TAG WORD +4
INSTRUCTION IP15-0 +6
POINTER 1P19-16 IOI ) OPCODE +8
OP15-0 +10
OPERAND
POINTER 0P19-16I 0 +12
SIGNIFICAND 15-0 +14
SIGNIFICAND 31-16 +16
TOP STACK
ELEMENT:ST 3 SIGNIFICAND 47-32 +18
N SIGNIFICAND 63-48 +20
~ Sl EXPONENT 14-0 +22
r SIGNIFICAND 15-0 +24
SIGNIFICAND 31-16 +26
B ARUHE SIGNIFICAND 47-32 +28
N SIGNIFICAND 63-48 +30
S| EXPONENT 14-0 +32
3 A S
) “v
- SIGNIFICAND 15-0 +84
SIGNIFICAND 31-16 +86
LAST STACK
ELEMENT:ST(T) 3 SIGNIFICAND 47-32 +88
N SIGNIFICAND 63-48 +90
~1s EXPONENT 14-0 +92
NOTES:
S = Sign
Bit 0 of each field is righ least signifi bit of corresponding
register field. X
Bit 63 of significand is integer bit (assumed binary point is inmediately
to the right).
Figure S-18. FSAVE/FRSTOR Memory
Layout

FSTENV/FNSTENV must be allowed to com-
plete before any other 8087 instruction is
decoded. When FSTENV is coded, an explicit
FWAIT, or assembler-generated WAIT, should
precede any subsequent 8087 instruction. An
FNSTENV must be executed in a critical region
that is protected from interruption, in the same
manner as FNSAVE. (There is no risk of the
following FWAIT causing an endless wait,
because FNSTENV masks all exceptions, thereby
preventing an interrupt request from the 8087.)

INCREASING ADDRESSES

15 0
CONTROL WORD +0
STATUS WORD +2
TAG WORD +4
INSTRUCTION IP15-0 +6
POINTER |P19-1eJoJ OPCODE +8
OPERAND 0OP15:0 +10
POINTER 0P19-16I 5 12

Figure S-19. FSTENV/FLDENV Memory
Layout

FLDENV source

FLDENV (load environment) reloads the 8087
environment from the memory area defined by
the source operand. This data should have been
written by a previous FSTENV/FNSTENV
instruction. CPU instructions (that do not
reference the environment image) may
immediately follow FLDENYV, but no subsequent
NDP instruction should be executed without an
intervening FWAIT or assembler-generated
WAIT.

Note that loading an environment image that con-
tains an unmasked exception will cause an
immediate interrupt request from the 8087
(assuming IEM=0 in the environment image).

FINCSTP

FINCSTP (increment stack pointer) adds 1 to the
stack top pointer (ST) in the status word. It does
not alter tags or register contents, nor does it
transfer data. It is not equivalent to popping the
stack since it does not set the tag of the previous
stack top to empty. Incrementing the stack
pointer when ST=7 produces ST=0.
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FDECSTP

FDECSTP (decrement stack pointer) subtracts 1
from ST, the stack top pointer in the status word.
No tags or registers are altered, nor is any data
transferred. Executing FDECSTP when ST=0
produces ST=7.

FFREE destination

FFREE (free register) changes the destination
register’s tag to empty; the content of the register
is unaffected.

FNOP

FNOP (no operation) stores the stack top to the
stack top (FST ST,ST(0)) and thus effectively
performs no operation.

FWAIT (CPU instruction)

FWAIT is not actually an 8087 instruction, but an
alternate mnemonic for the CPU WAIT instruc-
tion described in section 2.8. The FWAIT
mnemonic should be coded whenever the pro-
grammer wants to synchronize the CPU to the
NDP, that is, to suspend further instruction
decoding until the NDP has completed the current
instruction. A CPU instruction should not
attempt to access a memory operand that has
been read or written by a previous 8087 instruc-

tion until the 8087 instruction has completed. The
following coding shows how FWAIT can be used
to force the CPU instruction to wait for the 8087:

FNSTSW  STATUS
FWAIT  ;Waitfor FNSTSW
MoV AX,STATUS

Programmers should not code WAIT to
synchronize the CPU and the NDP. The routines
that alter an object program for 8087 emulation
eliminate FWAITs (and assembler-generated
WAITSs) but do not change any explicitly coded
WAITSs. The program will wait forever if a WAIT
is encountered in emulated execution, since there
is no 8087 to drive the CPU’s TEST pin active.

Instruction Set Reference Information

Table S-19 lists the operating characteristics of all
the 8087 instructions. There is one table entry for
each instruction mnemonic; the entries are in
alphabetical order for quick lookup. Each entry
provides the general operand forms accepted by
the instruction as well as a list of all exceptions
that may be detected during the operation.

There is one entry for each combination of
operand types that can be coded with the
mnemonic. Table S-17 explains the operand iden-
tifiers allowed in table S-19. Following this entry
are columns that provide execution time in clocks,
the number of bus transfers run during the opera-
tion, the length of the instruction in bytes, and an
ASM-86 coding sample.

Table S-17. Key to Operand Types

Packed-decimal
Word-integer
Short-integer
Long-integer

nn-bytes

Identifier Explanation

ST Stack top; the register currently at the top of the stack.

ST(i) A register in the stack i (0<i<7) stack elements from the
top. ST(1) is the next-on-stack register, ST(2) is below
ST(1), ete.

Short-real A short real (32 bits) number in memory.

Long-real A long real (64 bits) number in memory.

Temp-real A temporary real (80 bits) number in memory.

A packed decimal integer (18 digits, 10 bytes) in memory.
A word binary integer (16 bits) in memory.

A short binary integer (32 bits) in memory.

A long binary integer (64 bits) in memory.

A memory area nn bytes long.
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Execution Time

The execution of an 8087 instruction involves
three principal activities, each of which may con-
tribute to the total duration (execution time) of
the operation:

e Instruction fetch
e Instruction execution
e  Operand transfer

The CPU and NDP simultaneously prefetch and
queue their common instruction stream from
memory. This activity is performed during spare
bus cycles and proceeds in parallel with the execu-
tion of instructions from the queue. Because of
their complexity, 8087 instructions typically take
much longer to execute than to fetch. This means
that in a typical sequence of 8087 instructions the
processors have a relatively large amount of time
available to maintain full instruction queues.
Instruction fetching is therefore fully overlapped
with execution and does not contribute to the
overall duration of a series of instructions. Fetch
time does become apparent when a CPU jump or
call instruction alters the normal sequential
execution. This empties the queues and delays
execution of the target instruction until it is
fetched from memory. The time required to fetch
the instruction depends on its length, the type of
CPU, and, if the CPU is an 8086, whether the
instruction is located at an even or odd address.
(Slow memories, which force the insertion of wait
states in bus cycles, and the bus activities of other
processors in the system, may also lengthen fetch
time.) Section 2.7 covers this topic in more detail.

Table S-19 quotes a typical execution time and a
range for each instruction. Dividing the figures in
the table by 5 (assuming a 5 MHz clock) produces
execution time in microseconds. The typical case
is an estimate for operand values that normally
characterize most applications. The range
encompasses best- and worst-case operand values
that may be found in extreme circumstances.
Where applicable, the figures include all overhead
incurred by the CPU’s execution of the ESC
instruction, local bus arbitration (request/grant
time), and the average overhead imposed by a
preceding WAIT instruction (half of the 5-clock
cycle that it uses to examine the TEST pin).

The execution times assume that no exceptions
are detected. Invalid operation, denormalized
(unmasked), and zerodivide exceptions usually

decrease execution time from the typical figure,
but it will still fall within the quoted range. The
precision exception has no effect on execution
time. Unmasked overflow and underflow, and
masked denormalized exceptions, impose the
penalties shown in table S-18. Absolute worst-
case execution time is therefore the high range
figure plus the largest penalty that may be
encountered.

For instructions that transfer operands to or from
memory, the execution times in table S-19 show
that the time required for the CPU to calculate
the operand’s effective address (EA) should be
added. Effective address calculation time varies
according to addressing mode; table 2-20 supplies
the figures.

Table S-18. Execution Penalties

Exception Additional Clocks
Overflow (unmasked) 14
Underflow (unmasked) 16
Denormalized (masked) 33

Bus Transfers

Instructions that reference memory execute bus
cycles to transfer operands. Each transfer
requires one bus cycle. The number of transfers
depends on the length of the operand, the type of
CPU, and the alignment of the operand if the
CPU is an 8086. The figures in table S-19 include
the ““dummy read”’ transfer(s) performed by the
CPU in its execution of the escape instruction that
corresponds to the 8087 instruction. The first
8086 figure is for even-addressed operands, and
the second is for odd-addressed operands.

A bus cycle (transfer) consumes four clocks if the
bus is immediately available and if the memory is
running at processor speed, without wait states.
Additional time is required if slow memories are
employed, because these insert wait states into the
bus cycle. In multiprocessor environments, the
bus may not be available immediately if a higher
priority processor is using it; this also can increase
effective transfer time.
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Instruction Length

Instructions that do not reference memory are
two bytes long. Memory reference instructions
vary between two and four bytes. The third and

Note that the lengths quoted in table S-19 do not
include the one byte CPU WAIT instruction that
the assembler automatically inserts in front of all
NDP instructions (except those coded with a ‘‘no-
wait’’ mnemonic).

fourth bytes are used for 8- or 16-bit displacement
values; the assembler generates the short displace-
ment whenever possible. No displacements are
required in memory references that use only CPU
register contents to calculate an operand’s effec-

tive address. :
Table S-19. Instruction Set Reference Data
FABS FABS (no operands) E tions: |
Absolute value xceptions:
Execution Clocks Transfers
Operands Typical Range 3086 | 8088 Bytes Coding Example
(no operands) 14 10-17 0 0 2 FABS
FADD FADD //source/destination,source
Add real Exceptions: I,D,0, U, P
Execution Clocks Transfers
Operands Typical Range 3086 | 8088 Bytes Coding Example
[1ST,ST(i)/ST(i),ST 85 70-100 0 0 2 FADD ST,ST(4)
short-real 105+EA 90-120+EA | 2/4 4 2-4 | FADD AIR_TEMP [SI]
long-real 110+EA 95-125+EA | 4/6 8 2-4 | FADD [BX].MEAN
FAD D P FADDP destination,source L
, Add real and pop Exceptions: |,D,0, U, P
Execution Clocks Transfers
Operands Typical Range 3086 | 8088 Bytes ‘ Coding Example
ST(i),ST 90 75-105 0 0 2 FADDP ST(2),ST
FBLD FBLD source Exceptions: |
Packed decimal (BCD) load xceptions:
Execution Clocks Transfers
Operands Typical Range 3086 | 8083 Bytes Coding Example
packed-decimal 300+EA | 290-310+EA} 5/7 10 2-4 | FBLD YTD_SALES

Mnemoeonics © Intel 1980
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Table S-19. Instruction Set Reference Data (Cont’d.)

FBSTP FBSTP destination E tions: |
Packed decimal (BCD) store and pop xceptions:
Execution Clocks Transfers .

Operands Typical Range 3086 | 8088 Bytes Coding Example
packed-decimal 530+EA | 520-540+EA| 6/8 12 2-4 | FBSTP [BX].FORECAST
FCHS FCHS (no operands) E i -

Change sign xceplions:
Execution Clocks Transfers .

Operands Typical | Range 3086 | 8088 Bytes Coding Example

(no operands) 15 1017 0 0 2 FCHS

FCLEX/FNCLEX  FCLEX (nooperands)

Clear exceptions Exceptions: None

» Execution Clocks Transfers
Operands Typical Range 3086 | 8083 Bytes Coding Example
(no operands) : 5 2-8 0 0 2 FNCLEX
FCOM FCOM //source .
Compare real Exceptions: |, D
Execution Clocks Transfers
i |
Operands Typical Range 3086 | 8083 Bytes Coding Example
11ST(i) 45 40-50 0 0 2 FCOM ST(1)
short-real -65+EA . 60-70+EA | 2/4 4 2-4 | FCOM [BP].UPPER__LIMIT
long-real 70+EA 65-75+EA 4/6 8 2-4 | FCOM WAVELENGTH
FCOMP FCOMP //source Excentions: | D
" Compare real and pop xceptions: 1,
Execution Clocks Transfers . }
Operands Typical Range 8086 | 8088 Bytes Coding Example
11ST(i) . 47 42-52 0 0 2 FCOMP ST(2)
short-real . 68+EA 63-73+EA | 2/4 4 2-4 | FCOMP [BP +2].N_READINGS
long-real 72+EA 67-77+EA 4/6 8 2-4 | FCOMP DENSITY

Mnemonics © Intel 1980
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Table S-19. Instruction Set Reference Data (Cont’d.)

FCOMPP FCOMPP (no operands) Excentions: 1D
Compare real and pop twice xceptions: 1,
E.xeculion Clocks Transfers
Operands Typical Rangeﬂ 3086 | 8088 Bytes Coding Example
(no operahds) : o 50 45-55 0 0 2 FCOMPP
FDECSTP FDECSTP (nooperands) - - .
- Decrement stack pointer Exceptions: None
Execution Clocks Transfers |
Operands Typical Range 8086 | 8088 Bytes Coding Example
(no operands) 9 6-12 0 0 2 FDECSTP

FDIS'/FND'SI FDISI (no operands)

Disable interrupts Exceptions: None

Execution Clocks Transfers
Operands Typical Range 3086 | 8088 Bytes Coding Example
(no operands) 5 2-8 0 0 2 FDISI
FDIV FDIV //source/destination,source .
" Divide real Exceptions: 1,D,Z,0,U, P
Execution Clocks Transfers
Operands Typical Range 3086 | 8088 Byte§ Coding Example
11 ST(i)',ST 198 193-203 0 0 2 FDIV
short-real i 220+EA | 215-225+EA | 2/4 4 2-4 | FDIV DISTANCE
long-real : 225+EA | 220-230+EA |. 4/6 8. 2-4 | FDIV ARC [DI]
FD'VP FDIVP destination,source .
Divide real and pop Exceptions: 1,D,Z,0, U, P
Execution Clocks “Transfers
Operands Typical Range 8086 | 8088 Bytes Coding Example
ST(i),ST 202 197-207 .0 0 2 FDIVP ST(4),ST
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Table S-19. Instruction Set Reference Data (Cont’d.)

FD'VR FDIVR //source/destination,source
Divide real reversed Exceptions: 1,0,Z,0,U, P
Execution Clocks Transfers
Operands Typical Range 3086 | 8088 Bytes Coding Example
/1ST,ST(i)/ST(i),ST 199 194-204 0 0 2 FDIVR ST(2),ST :
short-real . 221+EA 216-226+EA | 2/4 6 2-4 | FDIVR [BX].PULSE__RATE
long-real | 226+EA | 221-231+EA | 4/6 8 2-4 | FDIVR RECORDER.FREQUENCY :
FDlVRP FDIVRP destination,source E tions: 1.D.Z O.U. P
Divide real reversed and pop xceptions: 1,1, 2,0, U,
. Execution Clocks Transfers
Operands Typical Range 3086 | 8088 Bytes Coding Example
ST(i),ST . 203 198-208 0 0 2 FDIVRP ST(1),ST
FEN'/FNEN' FENI (no operands) Exceptions: None
Enable interrupts P :
Execution Clocks Transfers .
Operands Typical Range 3086 | 8088 Bytes Coding Example
(no operands) 5 . 2-8 0 0 2 FNENI
FFREE FFREE destination Excentions: None
Free register ’ P .
Execution Clocks Transfers - - -
ing E |
Operangs Typical "Range 3086 | 8088 Bytes Coding Example
ST(i) 1 9-16 0 0 2 FFREE ST(1)
FlADD FIADD source .
Integer add Exceptions: |,D,0,P
Execution Clocks Transfers |. .
Operands Typical Range 3086 | 8088 Bytes Coding Example-
word-integer 120+EA | 102-137+EA |- 1/2 2. 2-4 | FIADD DISTANCE__TRAVELLED
short-integer 125+EA | 108-143+EA | 2/4 | . 4 2-4 | FIADD PULSE__COUNT [SI]
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Table S-19. Instruction Set Reference Data (Cont’d.)

FICOM 'FICOM source : Excentions: 1D
Integer compare t xceptions: 1,
Execution Clocks Transfers v
Operands Typical Range 3086 | 8088 Bytes Coding-Example
word-integer 80+EA 72-86+EA | 1/2 2 2-4
short-integer

FICOM TOOL.N_PASSES

85+EA 78-91+EA |- 2/4 4

2-4 | FICOM [BP+4].PARM_COUNT
FICOMP FICOMP source Excentions: 1.
Integer compare and pop xceptions: 1,
Execution Clocks- ~Transfers )
Operands Typlcal Range 8086 | 8088 Bytes Codlpg Example
word-integer

82+EA 74-88+EA | 1/2 2 2-4
short-integer ‘

‘ FICOMP [BP].LIMIT [SI]
87+EA 80-93+EA | 2/4 4 .

- 2-4 | FICOMP N_SAMPLES

F|D|V FIDIV source ) '
Integer divide ~ Exceptions: I,D,Z,0,U,P
Execution Clocks Transfers | - )
Operands Typical Range 8086 | 8088 :Bytes Coding Example
word-integer 230+EA | 224-23B+EA |-1/2 | 2 2-4
short-integer

FIDIV SURVEY.OBSERVATIONS
236+EA | 230-243+EA | 2/4 | 4

2-4 | FIDIV RELATIVE__ANGLE [DI]
FIDIVR FIDIVR source
Integer divide reversed .. Exceptions: 1,D,2,0,U,P
Execution Clocks | Transfers "
Operands Typical Range 3086 | 8088 Bytes Coding Example
word-integer | 230+EA 225-239+EA | 1/2 2 2-4
short-integer

FIDIVR [BP].X_COORD

237+EA | 231-245+EA | 2/4 4 2-4 | FIDIVR FREQUENCY

FILD FILD source : E tion: |
Integer load ) xcep fon:
Execution Clocks Transfers
Operands Typical | Range 3086 | 8088 Bytes Coding Example
word-integer 50+EA 46-54+EA 1/2. 2 2-4
short-integer

FILD [BX].SEQUENGCE
24 | FILD STANDOFF [DI]
2-4 | FILD RESPONSE.COUNT

56+EA 52-60+EA | 2/4 4

long-integer 64+EA 60-68+EA 4/6 8
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Table S-19. Instruction Set Reference Data (Cont’d.)

FlMUL FIMUL source .
Integer multiply Exceptions: |,D,0,P
Execution Clocks Transfers
Operands Typical Range 3086 | 8088 Bytes Coding Example
word-integer 130+EA 124-138+EA | 1/2 2 2-4 | FIMUL BEARING
short-integer 136+EA 130-144+EA | 2/4 4 2-4 | FIMUL POSITION.Z__AXIS
FINCSTP FINCSTP (no operands) Excentions: N
Increment stack pointer Xxceptions: None
Execution.Clocks Transfers
Operands Typical Range 3086 | 8088 Bytes Coding Example
(no operands) 9 6-12 0 0 2 FINCSTP
FlNlT/FNlNlT FINIT (no operands) E ti SN
_Initialize processor xceptions: None
Execution Clocks Transfers
Operands Typical - Range 3086 | 8088 Bytes Coding Example
(no operands) 5 2-8 0 0 2 FINIT
FIST FIST destination Excentions: | P
Integer store xceptions: |,
Execution Clocks Transfers
Operands Typical Range 3086 | 8088 Bytes Coding Example
word-integer 86+EA 80-90+EA 2/4 4 2-4 | FIST OBS.COUNT [SI]
short-integer 88+EA 82-92+EA | 3/5 6 2-4 | FIST [BP].FACTORED__PULSES
FISTP FISTP destination Excentions: | P
Integer store and pop xceptions: N
Execution Clocks Transfers
- Codi |
Operands Typical Range 3086 | 8083 Bytes oding Example
word-integer 88+EA 82-92+EA | 2/4 4 2-4 | FISTP [BX].ALPHA__COUNT [SI]
short-integer 90+EA 84-94+EA 3/5 6 2-4 | FISTP CORRECTED__TIME
long-integer 100+EA 94-105+EA | 5/7 10 2-4 | FISTP. PANEL.N__READINGS
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Table S-19. Instruction Set Reference Data (Cont’d.)

FlSUB FISUB source
Integer subtract Exceptions: |, D, 0, P
Execution Clocks Transfers
Operands Typical Range 3086 | 8088 Bytes Coding Example

word-integer
short-integer

120+EA | 102-137+EA | 1/2 2 2-4 | FISUB BASE__FREQUENCY
125+EA | 108-143+EA | 2/4 4 2-4 | FISUB TRAIN__SIZE [DI]

FlSUBR FISUBR source .
Integer subtract reversed Exceptions: 1,D,0, P
Execution Clocks Transfers
Operands Typical Range 3086 | 8088 Bytes Coding Example

word-integer
short-integer

120+EA | 103-139+EA | 1/2 | 2 | 24 | FISUBR FLOOR [BX][SI]
125+EA | 109-144+EA | 2/4 | 4 | 24 | FISUBR BALANCE

FLD FLD source
. Load real Exceptions: |, D
Execution Clocks Transfers .
Operands Typical Range 3086 | 8088 Bytes Coding Example
ST(i) 20 17-22 0 0 2 FLD ST(0)
short-real 43+EA 38-56+EA | 2/4 4 2-4 | FLD READING [SI].PRESSURE
long-real 46+EA 40-60+EA | 4/6 8 2-4 | FLD [BP].TEMPERATURE
temp-real 57+EA 53-65+EA | 5/7 10 2-4 | FLD SAVEREADING
FLDCW FLDCW source E tions: N
Load control word xceptions: None
Execution Clocks Transfers
Operands Typical Range 3086 | 8088 Bytes Coding Example
2-bytes 10+EA 7-14+EA 1/2 2 2-4 | FLDCW CONTROL_WORD
FLDENV FLDENV source Excentions: N
Load environment xceptions: None
Execution Clocks Transfers .
Operands Typical Range 3086 | 8088 Bytes Coding Example
14-bytes 40+EA 35-45+EA | 7/9 14 2-4 | FLDENV [BP +6]
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Table S-19. Instruction Set Reference Data (Cont’d.)

FLDLG2 FLDLG2 (no operands) Excontions: |
Load log, 2 xceptions:
Execution Clocks Transfers
Operands Typical Range 3086 | 8088 Bytes Coding Example
(no operands) 2 18-24 0 0 2 FLDLG2
FLDLN2 FLDLN2 (no operands) E tions: |
Load log, 2 xceptions:
o Execution Clocks Transfers
o i
perands Typical Range 3086 | 8088 Bytes Coding Example
(no operands) 20 17-23 0 0 2 FLDLN2
FLDL2E FLDL2E (no operands) Excentions: |
Load log, e ceptions:
Execution Clocks Transfers
Operands Typical Range 3086 | 8038 Bytes Coding Example
(no operands) 18 15-21 0 0 2 FLDL2E
FLDL2T FLDL2T (no operands) Excontions: |
Load log,10 xceptions:
o Execution Clocks Transfers
perands Typical Range 3086 | 8038 Bytes Coding Example
(no operands) 19 16-22 0 0 2 FLDL2T
FLDPI FLDPI (no operands) o
Load 1 Exceptions: |
"Execution Clocks Transfers
Operands‘ Typical Range 3086 | 8083 Bytes Coding Example
(no operands) 19 16-22 0 0 2 FLDPI
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Table S-19. Instruction Set Reference Data (Cont’d.)

FLDZ FLDZ (no operands) E tions: |
Load +0.0 xceptions:
Execution Clocks Transfers .
Operands Typical “Range 3086 | 8083 Bytes Coding Example
(no operands) 14 117 0 0 2 FLDZ
FLD1 FLD1 (no operands) . .
Load +1.0 Exceptions: |
Execution Clocks . Transfers .
Operands Typical Range 3086 | 8088 Bytes Coding Example
(no operands) 18 15-21 ‘0 0 2 FLD1
FMUL FMUL //source/destination,source )
Multiply real Exceptions: I,D,0,U, P
Execution Clocks Transfers
Operands Typical Range 3086 | 8083 Bytes | Coding Example
118T(i),ST/ST,ST(i)' ‘ 97 90-105 0 0 2 FMUL 'ST,ST(3)
118T(i),ST/ST,ST(i) 138 130-145 0 0 2 FMUL ST,ST(3)
short-rea}l , ‘ 118+EA | 110-125+EA | 2/4 4 2-4 | FMUL SPEED_FACTOR
long-real 120+EA | 112-126+EA | 4/6 8 2-4 | FMUL [BP].HEIGHT
long-real 161+EA | 154-168+EA | 4/6 8 2-4 | FMUL [BP].HEIGHT

" oceurs when one or both operands is ‘‘short’’—it has 40 trailing zeros in its fraction (e.g., it was loaded from a short-real
memory operand).

FM U LP FMULP destination,sourc_e

Multiply real and pop Exceptions: |,D,0, U, P

Execution Clocks Transfers .
Operands Typical Range 3086 | 8083 Bytes Coding Example
ST(i),ST 100 94-108 0 0 2 FMULP ST(1),ST
ST(i),ST 142 ] - 134-148 0 0 2 FMULP ST(1),ST

" occurs when one or both operands is ‘‘short’’—it has 40 trailing zeros in its fraction (e.g., it was loaded from a short-real
memory operand). ‘

Mnemonics © Intel 1980 .
S-52



8087 NUMERIC DATA PROCESSOR

Table S-19. Instruction Set Reference Data (Cont’d.)

FNOP FNOP (no operands) ., X
No operation Exceptions: None
Execution Clocks Transfers
i |
Operands Typical Range 3086 | 8088 Bytes Coding Example
(no operands) 13 10-16 0 0 2 FNOP
FPATAN FPATAN (no operands) L
Partial arctangent Exceptions: U, P (operands not checked)
Execution Clocks Transfers
ing E |
Operands Typical Range 3086 | 8088 Bytes Coding Example
(no operands) 650 250-800 0 0 2 FPATAN
FPREM FPREM (no operands) E tions: 1.D. U
Partial remainder xceptions: 1, ,
Execution Clocks Transfers
ingE I
Operands Typical Range 3086 | 8088 Bytes Coding Example
(no operands) 125 15-190 0 0 2 FPREM
FPTAN FPTAN (no operands) . .
Partial tangent Exceptions: |, P (operands not checked)
Execution Clocks Transfers
i |
Operands Typical Range 3086 | 8088 Bytes Coding Example
(no operands) 450 30-540 0 0 2 FPTAN
FRND'NT FRNDINT (no operands) ., .
Round to integer Exceptions: |, P
Execution Clocks Transfers
Operands Typical Range 3086 | 8088 Bytes Coding Example
(no operands) 45 16-50 0 0 2 FRNDINT
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Table S-19. Instruction Set Reference Data (Cont’d.)

FRSTOR FRSTOR source Excontions: N
Restore saved state xceptions: None
Execution Clocks Transfers
Operands Typical Range 3086 | 8088 Bytes Coding Example
' 94-bytes 210+EA | 205-215+EA |47/49 | 96 2-4 | FRSTOR [BP]
FSAVE/FNSAVE  rsave destination Excentions: N
Save state xceptions: None
Execution Clocks Transfers
Operands Typical Range 3086 | 8088 Bytes Coding Example
94-bytes 210+EA 205-215+EA | 48/501| 94 2-4 | FSAVE [BP]
FSCALE FSCALE (no operands) Exceptions: 1,0, U
Scale
) Execution Clocks Transfers _
Operands Typical “Range 3086 | 8088 Bytes Coding Example
(no operands) 35 32-38 0 0 2 FSCALE
FSQ RT FSQRT (no operands) .
Square root Exceptions: |,D, P
) Execution Clocks Transfers
Operands Typical Range 3086 | 8088 Bytes Coding Example
(no operands) 183 180-186 0 0 2 FSQRT
FST FST destination .
Store real Exceptions: I,0,U, P
] Execution Clocks Transfers
Operands Typical Range 3086 ] 8088 Bytes Coding Example
ST(i) 18 15-22 0 0 2 FST ST(3)
short-real 87+EA 84-90+EA | 3/5 6 2-4 | FST CORRELATION [DI]
long-real 100+EA 96-104+EA | 5/7 10 2-4 | FST MEAN__READING
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Table S-19. Instruction Set Reference Data (Cont’d.)

FSTCW/FNSTCW FSTCW destination

Store control word Exceptions: None

Execution Clocks Transfers
Operands Typical Range 3086 | 8088 Bytes Coding Example
2-bytes . 15+EA 12-18+EA | 2/4 4 2-4 | FSTCW SAVE__CONTROL

FSTENV/FNSTENV Fstenv destination

Store environment Exceptions: None

Execution Clocks Transfers
Operands Typical Range 3086 | 8088 Bytes Coding Example
14-bytes 45+EA .| 40-50+EA | 8/10| 16 2-4 | FSTENV [BP]
FSTP FSTP destination E tions: 1.0. U. P
Store real and pop xceptions: 1, O, Y,
Execution Clocks Transfers
Operands Typical Range 8086 | 8088 Bytes Coding Example
ST(i) 20 17-24 0 0 2 FSTP ST(2)
short-real 89+EA 86-92+EA | 3/5 6 2-4 | FSTP [BX].ADJUSTED__RPM
long-real 102+EA 98-106+EA| 5/7 10 2-4 | FSTP TOTAL__DOSAGE
temp-real 55+EA 52-58+EA | 6/8 12 2-4 | FSTP REG__SAVE [Sl]

FSTSW/FNSTSW  Fstsw destination

Exceptions: None

Store status word
Execution Clocks Transfers
Operands Typical Range 3086 | 8083 Bytes Coding Example
2-bytes 15+EA 12-18+EA | 2/4 4 2-4 | FSTSW SAVE_STATUS
FSU B ' FSUB //source/destination,source
Subtract real Exceptions: 1,0,0,U,P
: Execution Clocks Transfers
Operands Typical Range 3086 | 8088 Bytes Coding Example
11ST,ST(i)/ST(i),ST 85 70-100 0 0 2 FSUB ST,ST(2)
short-real 105+EA 90-120+EA| 2/4 4 2-4 | FSUB BASE_VALUE
long-real 110+EA 95-125+EA| 4/6 8 2-4 | FSUB COORDINATE.X
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Table S-19. Instruction Set Reference Data (Cont’d.)

FSUBP FSUBP destination,source
Subtract real and pop Exceptions: 1,0,0,U,P
Execution Clocks Transfers
Operands Typical Range 3086 | 8088 Bytes Coding Example
ST(i),ST 90 75-105 0 0 2 FSUBP ST(2),ST
FSU BR FSUBR //source/destination,source L
Subtract real reversed Exceptions: 1,0,0,U,P
Execution Clocks Transfers |.

Operands Typical Range 3086 | 8088 Bytes Coding Example
[1ST,ST(i)/ST(i),ST 87 70-100 0 0 2 FSUBR ST,ST(1)
short-real 105+EA 90-120+EA| 2/4 4 2-4 | FSUBR VECTORISI]
long-real 110+EA 95-125+EA| 4/6 8 2-4 | FSUBR [BX].INDEX

FSU B R P FSUBRP destination,source
Subtract real reversed and pop Exceptions: 1,0,0,U.P
Executon Clocks Transfers

Operands Typical Range 3086 | 8088 Bytes Coding Example
ST(i),ST 90 75-105 0 0 2 FSUBRP ST(1),ST
FTST FTST (no operands) E tions: I.D

Test stack top against 0.0 xceptions: 1,
Execution Clocks Transfers .

Operands Typical Range 3086 | 8088 Bytes Coding Example
(no operands) 42 38-48 o | o | 2 |FrsT
FWA'T FWAIT (no operands)

(CPU) Wait while 8087 is busy Exceptions: None (CPU instruction)
Execution Clocks Transfers

Operands Typical Range 3086 | 8088 Bytes Coding Example

(no operands) 3+5n* 3+5n* 0 0 1 FWAIT

*n =number of times CPU examines TEST line before 8087 lowers BUSY.
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Table S-19. Instruction Set Reference Data (Cont’d.)

FXAM FXAM (no operands)

Examine stack top Exceptions: None

Execution Clocks Transfers

Operands Typical Range 3086 | 8083 Bytes Coding Example
(no operands) 17 12-23 0 0 2 FXAM
FXCH FXCH //destination Excentions: |

Exchange registers xceptions:
Execution Clocks Transfers .

Operands Typical Range 3086 | 8083 Bytes Coding Example
118T(i) 12 10-15 0 0 2 FXCH ST(2)
FXTRACT FXTRACT (no operands) E tions: |

Extract exponent and significand xceptions:
Execution Clocks Transfers .

Operands Typical Range 8086 | 8088 Bytes Coding Example
(no operands) 50 27-55 0 0 2 FXTRACT
FY L2X . FYL2X (no operands)

Y e Log, X Exceptions: P (operands not checked) »
Execution Clocks Transfers

Operands Typical Range 8086 | 8088 Bytes Coding Example
(no operands) 950 900-1100 0 0 2 FYL2X
FY L2XP1 FYL2XP1 (no operands)

ions: h
Ye |092(X+1) Exceptions: P (operands not checked)
Execution Clocks Transfers
o .
perands Typical Range 3086 | 8088 Bytes Coding Example
(no operands) 850 700-1000 0 0 2 FYL2XP1
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Table S-19. Instruction Set Reference Data (Cont’d.)

F2XM1 '2:3_)1(M1 (no operands) Exceptions: U, P (operands not checked)
Execution Clocks Transfers .
Operands Typical Range 3086 | 8088 Bytes Coding Example
(no operands) 500 310-630 0 0 2 F2XM1
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S.8 Programming Facilities

Writing programs for the 8087 is a natural exten-
sion of the process described in section 2.9, just as
the NDP itself is an extension to the CPU. This
section describes how PL/M-86 and ASM-86 pro-
grammers work with the 8087 in these languages.
It also covers the 8087 software emulators
provided for both translators.

The level of detail in this section is intended to
give programmers a basic understanding of the
software tools that can be used with the 8087, but
this information is not sufficient to document the
full capabilities of these facilities. The definitive
description of ASM-86 and the full 8087 emulator
is provided in MCS-86 Assembly Language
Reference Manual, Order No. 9800640, and
MCS-86 Assembler Operating Instructions for
ISIS-II Users, Order No. 9800641. PL/M-86 and
the partial emulator are documented in PL/M-86
Programming Manual, Order No. 9800466 and
ISIS-II PL/M-86 Compiler Operator’s Manual
Order No. 9800478. These publications may be
ordered from Intel’s Literature Department.

Readers should be familiar with section 2.9 of the
8086 Family User’s Manual in order to benefit
from the material in this section.

PL/M-86

High level language programmers can access a
useful subset of the 8087’s (real or emulated)
capabilities. The PL/M-86 REAL data type
corresponds to the NDP’s short real (32-bit) for-
mat. This data type provides a range of about
8.43*10737 < |X| < 3.38*1038, with about seven
significant decimal digits. This representation is
adequate for the data manipulated by many
microcomputer applications.

The utility of the REAL data type is extended by
the PL/M-86 compiler’s practice of holding
intermediate results in the 8087’s temporary real
format. This means that the full range and preci-
sion of the processor may be utilized for
intermediate results. Underflow, overflow, and
rounding errors are most likely to occur during
intermediate computations rather than during
calculation of an expression’s final result.
Holding intermediate results in temporary real
format greatly reduces the likelihood of overflow
and underflow and eliminates roundoff as a
serious source of error until the final assignment
of the result is performed.

The compiler generates 8087 code to evaluate
expressions that contain REAL data types,
whether variables or constants or both. This
means that addition, subtraction, multiplication,
division, comparison, and assignment of REALSs
will be performed by the NDP. INTEGER expres-
sions, on the other hand, are evaluated on the
CPU.

Five built-in procedures (table S-20) give the
PL/M-86 programmer access to 8087 functions
manipulated by the processor control instruc-
tions. Prior to any arithmetic operations, a
typical PL/M-86 program will setup the NDP
after power up using the INITSREALSMATH
$UNIT procedure and then issue
SETSREALSMODE to configure the NDP.
SET$SREAL$MODE loads the 8087 control word,
and its 16-bit parameter has the format shown in
figure S-7. The recommended value of this
parameter is 033EH (projective closure, round to
nearest, 64-bit precision, interrupts enabled, all
exceptions masked except invalid operation).
Other settings may be used at the programmer’s
discretion.
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Table S-20. PL/M-86 Built-In Procedures

Procedure 8087 Instruction Description
INITSREALSMATHSUNIT® FINIT Initialize processor.
SETSREAL$SMODE FLDCW Set exception masks, rounding

precision, and infinity controls.
GET$REAL$SERROR®@ FNSTSW & FNCLEX Store, then clear, exception
flags.
SAVESREALSSTATUS FNSAVE Save processor state.
RESTORE$REAL$STATUS FRSTOR Restore processor state.

(MAlso initializes interrupt pointers for emulation.

@Returns low-order byte of status word.

If any exceptions are unmasked, an exception
handler must be provided in the form of an inter-
rupt procedure that is designated to be invoked by
CPU interrupt pointer (vector) number 16. The
exception handler :can use the GET$SREAL
$ERROR procedure to obtain the low-order byte
of the 8087 status word and to then clear the
exception flags. The byte returned by
GET$REALSERROR contains the exception
flags; these can be examined to determine the
source of the exception.

The SAVESREALSSTATUS and RESTORE
$SREAL$STATUS procedures are provided for
multi-tasking environments where a running task
that uses the 8087 may be preempted by another
task that also uses the 8087. It is the responsibility
of the preempting task to issue
SAVESREALSSTATUS before it executes any
statements that affect the 8087; these include the
INITSREALSMATHS$UNIT and SET$REAL
$MODE procedures as well as arithmetic expres-
sions. SAVESREALSSTATUS saves the 8087
state (registers, status, and control words, etc.) on
the CPU’s stack. RESTORESREALS$STATUS
reloads the state information; the preempting task
must invoke this procedure before terminating in
order to restore the 8087 to its state at the time the
running task was preempted. This enables the
preempted task to resume execution from the
point of its preemption. ‘

Note that the PL/M-86 compiler prefixes every
8087 instruction with a CPU WAIT. Therefore,
programmers should not code PL/M-86
statements that generate 8087 instructions if the

NDP can request an interrupt and that interrupt is
blocked (this may result in the endless wait
condition described in section S.6.)

ASM-86

The ASM-86 assembly language provides a single
uniform set of facilities for all combinations of
the 8086/8088/8087 processors. Assembly
language programs can be written to be com-
pletely independent of the processor set on which
they are destined to execute. This means that a
program written originally for an 8088 alone will
execute on' an 8086/8087 combination without
re-assembling. The programmer’s view of the
hardware is a single machine with these resources:

¢ 160 instructions

e 12 datatypes

e 8 general registers
® 4 segment registers

e 8 floating-point registers, organized as a
stack

The combination of the assembly language and
the 8087 emulator decouple the source code from
the execution vehicle. For example, the assembler
automatically inserts CPU WAIT instructions in
front of those 8087 instructions that require them.
If the program actually runs with the emulator
rather than the 8087, the WAITs are auto-
matically removed at link time (since there is no
NDP for which to wait).
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Defining Data ' decimal integers, although the assembler will
accept and convert other representations of
The ASM-86 directives shown in table S-21 integers. Real values may be written as ordinary
allocate storage for 8087 variables and constants. decimal real numbers (decimal point required), as
As with other storage allocation directives, the decimal numbers in scientific notation, or as hex-
assembler .associates a type with any variable adecimal strings. Using hexadecimal strings is
defined with these directives. The type value is primarily intended for defining special values
equal to the length of the storage unit in bytes (10 such as infinities,, NANs, and nonnormalized
for DT, 8 for DQ, etc.). The assembler checks the numbers. Most programmers will find that
type of any variable coded in an instruction to be ordinary decimal and scientific decimal provide
certain that it is compatible with the instruction. the simplest way to initialize 8087 constants.
For example, the coding FIADD ALPHA will be Figure S-20 compares several ways of setting the
flagged as an error if ALPHA’s type is not 2 or 4, various 8087 data types to the same initial value.
because integer addition is only available for
word and short integer data types. The operand’s Note that preceding 8087 variables and constants
type also tells the assembler which machine with the ASM-86 EVEN directive ensures that the
instruction to produce; although to the pro- operands will be word-aligned in memory. This
grammer there is only an FIADD instruction, a will produce the best performance in 8086-based
different machine instruction is requlred for each systems, and is good practice even for 8088 soft-
operand type. ware, in the event that the programs are trans-
ferred. to an 8086. All 8087 data types occupy
On occasion it is desirable to use an instruction integral numbers of words so that no storage is
with an operand that has no declared type. For “wasted” if blocks of variables are defined
example, if register BX points to a short integer together and preceded by -a single EVEN

variable, a programmer may want to code declarative.
FIADD [BX]. This can be done by informing the :
assembler of the operand’s type in the instruction,

coding FIADD DWORD PTR [BX]. The Records and Structures

corresponding  overrides for the other storage

allocations are WORD PTR, QWORD PTR, and The ASM-86 RECORD and STRUC (structure)

TBYTE PTR. declaratives can be very useful in NDP program-
. ming. The record facility can be used to define the

The assembler does not, however, check the types bit fields of the control, status, and tag words.

of operands used in processor control instruc- Figure S-21- shows one definition of the status

tions. Coding FRSTOR [BP] implies that the pro- word and how it might be used in a routine that

grammer has set up register BP to point to the polls the 8087 until it has completed an instruc-

stack location where the processor’s 94-byte state tion.

record has been previously saved. . : :
Because ' structures allow- different but related

The initial values for 8087 constants may be data types to be grouped together, they often'pro-
coded in several different ways. Binary integer vide a natural way to represent ‘‘real world”’’ data
constants may be specified as bit strings, decimal organizations. The fact that the structure
integers, octal integers, or hexadecimal strings. template may be ‘‘moved’’ about in memoryadds

Packed decimal values are normally written as to its flexibility. Figure S-22 shows a simple struc-

Table S-21. 8087 Storage Allocation Directives

" Directive Interpretation 8087 Data Types
DW Define Word Word integer
DD ‘Define Doubleword Shortinteger, short real
DQ Define Quadword Long integer, long real
DT Define Tenbyte Packed decimal, temporary real
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; EVEN

WORD_INTEGER DW 1111111110000108
SHORT_INTEGER DD OFFFFFF82H
LONG_INTEGER DQ  -126

SHORT_REAL DD -126.0

LONG_REAL DD -1.26E2
PACKED_DECIMAL DT -126

;i IN THE FOLLOWING,
H SIGNIFICAND IS '7E00...00',

;
TEMP_REAL DT

THE FOLLOWING ALL ALLOCATE THE CONSTANT:
NOTE TWO'S COMPLEMENT STORAGE OF NEGATIVE BINARY INTEGERS.

i
1
i
i
i
i
i

SIGN AND EXPONENT

-126

FORCE WORD ALIGNMENT

BIT STRING

HEX STRING MUST START WITH DIGIT
ORDINARY DECIMAL

NOTE PRESENCE OF '.!'
"'SCIENTIFIC"!'

ORDINARY DECIMAL INTEGER

Is 'c005',

‘R' INFORMS ASSEMBLER THAT
H THE STRING REPRESENTS A REAL DATA TYPE.

0C0057€£00000000000000R

HEX STRING

Figure S-20. Sample 8087 Constants

; RESERVE SPACE FOR STATUS WORD
STATUS_WORD oW ?

; LAY OUT STATUS WORD FIELDS
STATUS RECORD
BUSY:
COND_CODE3:
STACK_TOP:
COND_CODE2:
COND_CODE?:
COND_CODEO:
INT_REQ:
RESERVED:

PN YN N RN

I_FLAG:
POLL STATUS WORD UNTIL 8087 IS NOT BUSY
POLL: FNSTSW STATUS_WORD
TEST STATUS_WORD,
JNZ POLL

~+ £0 20 20 O QO QO QO Q0 RO RO QO QO O QO

MASK BUSY

Figure S-21. Status Word RECORD Definition

SAMPLE STRUC
N_0BS DD ? i SHORT INTEGER
MEAN DQ ? i LONG REAL
MODE DW ? ;WORD INTEGER
STD_DEV DQ ? ;LONG REAL
;ARRAY OF OBSERVATIONS -- WORD INTEGER
TEST_SCORES DW 1000 buP (?)

SAMPLE ENDS

Figure S-22. Structure Definition

ture that might be used to represent data con-
sisting of a series of test score samples. A struc-
ture could also be used to define the organization
of the information stored and loaded by the
FSTENYV and FLDENYV instructions.

Addressing Modes

8087 memory data can be accessed with any of the
CPU’s five memory addressing modes. This
means that 8087 data types can be incorporated in

data aggregates ranging from simple to complex
according to the needs of the application. The
addressing modes, and the ASM-86 notation used
to specify them in instructions, make the access-
ing of structures, arrays, arrays of structures, and
other organizations direct and straightforward.
Table S-22 gives several examples of 8087 instruc-
tions coded with operands that illustrate different
addressing modes.

8087 Emulators

Intel offers two software products that provide
the functional equivalent of an 8087,
implemented in 8086/8088 software. The full
emulator (E8087) emulates all 8087 instructions.
The partial emulator (PE8087) is a smaller version
that implements only the instructions needed to
support PL/M-86 programs. The full emulator
adds about 16k bytes to a program, while the
partial emulator executes in about 8k. Any
emulated program will deliver the same results
(except for timing) if it is executed on 8087
hardware.

The emulators may be viewed as consisting of
emulated hardware and emulated instructions.
The emulators establish in CPU memory the
equivalent of the 8087 register stack, control, and
status words and all other programmer-accessible
elements of the NDP architecture. The emulator
instructions utilize the same algorithms as their
hardware counterparts. Emulator instructions are
actually implemented as CPU interrupt pro-
cedures. During relocation and linkage the 8087
machine instructions generated by the ASM-86
and PL/M-86 translators are changed to software
interrupt (INT) instructions which invoke these
procedures as the CPU processes its instruction
stream.
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Table S-22. Addressing Mode Examples

Coding

Interpretation

FIADD ALPHA

FDIVR ALPHA.BETA

FMUL QWORD PTR [BX]

FSUB ALPHA[SI]

FILD [BP].BETA

FBLD TBYTE PTR [BX] [DI]

ALPHA is a simple scalar (mode is
direct).

BETA is a field in a structure that is
‘‘overlaid”” on ALPHA (mode is
direct).

BX contains the address of a long real
variable (mode is register indirect).

ALPHA is an array and Sl contains the
offset of an array element from the
start of the array (mode is indexed).

BP contains the address of a
structure on the CPU stack and BETA
is a field in the structure (mode is
based).

BX contains the address of a packed
decimal array and DI contains the off-
set of an array element (mode is
based indexed).

Since the decision to produce real or emulated
8087 instructions is made at link time, a program
may be switched from one mode to the other
without retranslating the source code. When the
PL/M-86 compiler or ASM-86 assembler places
an 8087 machine instruction into an object
modaule, it also inserts a special external reference.
This reference is satisfied by linking the object
module to one of two Intel-supplied libraries: the
real library, or the emulator library. If the real
library is specified, LINK-86 simply deletes the
external references, leaving the original 8087
machine instructions.

To run on an emulated 8087, the object program
is linked to the emulator library and to a file con-
taining the code of either the full or the partial
emulator. LINK-86 then adds the emulator code
to the program and changes the 8087 machine
instructions (and their preceding WAITs) to CPU
software interrupt instructions. Any FWAIT
instructions are also changed to CPU NOPs.

Note that an explicitly-coded CPU WAIT instruc-
tion will not be changed; if it is executed under
emulation, the CPU will wait forever. This is why

the FWAIT mnemonic should always be used
when the external processor that the CPU is to
wait for is an 8087.

In order to be compatible with E8087, ASM-86
programs should observe the following
conventions:

e  Their stack segment and class should be
named STACK.

e Interrupt pointer (vector) 16 should be
designated for the user’s exception handler
interrupt procedure.

e The external procedure INIT87 should be
called in the program’s initialization (power-
up) sequence. If the emulator is being used,
this procedure will initialize CPU interrupt
pointers 20-31 to the addresses of emulator
procedures and will execute an (emulated)
FINIT instruction. If the program is not
being emulated, INIT87 simply executes the
FINIT instruction.

PL/M-86 automatically observes corresponding
conventions.
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Programming Example

Figures S-23 and S-24 show the PL/M-86 and
ASM-86 code for a simple 8087 program, called
ARRSUM. The program references an array
(X$ARRAY), which contains 0-100 short real
values; the integer variable NSOF$X indicates the
number of array elements the program is to
consider. ARRSUM steps through X$ARRAY
accumulating three sums:

e  SUMS$X, the sum of the array values;

e SUMSINDEXES, the sum of each array
value times its index, where the index of the
first element is 1, the second is 2, etc.;

e SUMSSQUARES, the sum of each array
element squared.

(A true program, of course, would go beyond
these steps to store and use the results of these
calculations.) The control word is set with the
recommended values: projective closure, round to
nearest, 64-bit precision, interrupts enabled, and
all exceptions masked except invalid operation. It

is assumed that an exception handler has been
written to field the invalid operation, if it occurs,
and that it is invoked by interrupt pointer 16.
Either version of the program will run on an
actual or an emulated 8087 without altering the
code shown.

The PL/M-86 version of ARRSUM (figure S-23)
is very straightforward and illustrates how easily
the 8087 can be used in this language. After
declaring variables the program calls built-in
procedures to initialize the processor (or its
emulator) and to load the control word. The pro-
gram clears the sum variables and then steps
through X$ARRAY with a DO-loop. The loop
control takes into account PL/M-86’s practice of
considering the index of the first element of an
array to be 0. In the computation of
SUMSINDEXES, the built-in procedure FLOAT
converts I+1 from integer to real because the
language does not support ‘‘mixed mode”’
arithmetic. One of the strengths of the NDP, of

PL/M-86 COMPILER ARRAYSUM

ISIS-II PL/M-86 DEBUG V2.1 COMPILATION OF MODULE ARRAYSUM

OBJECT MODULE PLACED IN :F4:ARRSUM.OBJ
:FO:PLM86 :F4:ARRSUM.P86 XREF

COMPILER INVOKED BY:

FA R s
*

* ARRAYSUM.

*
*

*

MOD *

*

1 ARRAY$SUM: DO;

ERAERRERN [

2 1 DECLARE (SUM$X,SUMSINDEXES,SUMSSQUARES) REAL;
3 DECLARE X$ARRAY (100)  REAL;
4 1 DECLARE (N$OF$X,I) INTEGER;
5 1 DECLARE CONTROL$87 LITERALLY 'O33EH';
/* ASSUME X$ARRAY AND NSOF$X ARE INITIALIZED */
/* PREPARE THE 8087, OR ITS EMULATOR */
6 1 CALL INITSREALSMATHSUNIT;
T 1 CALL SET$REALSMODE(CONTROL$87);
/* CLEAR SUMS */
8 1 SUM$X, SUMSINDEXES, SUM$SSQUARES = 0.0;
/* LOOP THROUGH XSARRAY, ACCUMULATING SUMS */
9 1 DO I = O T0 N3OF$X - 1;
10 2 SUMSX = SUMSX + X$SARRAY(I);
12 SUMSINDEXES = SUMSINDEXES +
(X$ARRAY(I) * FLOAT(I + 1));
12 2 SUM$SQUARES = SUMSSQUARES + (X$ARRAY(I) * XSARRAY(I));
13 2 D;
/* ETC...*/
14 1 END ARRAYSSUM;

Figure S-23. Sample PL/M-86 Program
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PL/M-86 COMPILER ARRAYSUM

CROSS-REFERENCE LISTING

DEFN ADDR SIZE NAME, ATTRIBUTES, AND REFERENCES

1 0002H 151 ARRAYSUM . . . . PROCEDURE STACK=0002H

5 CONTROL87. . . . LITERALLY T
FLOAT. . . . . B BUILTIN 1

4 O19EH A S INTEGER 9 10 1" 12
INITREALMATHUNIT . BUILTIN 6

4 019CH 2 NOFX . & o . . . INTEGER 9
SETREALMODE. . . BUILTIN 7

2 0004H 4 SUMINDEXES . . . . REAL 8 11

2 0008H 4 SUMSQUARES . . . REAL 8 12

2 0000H 4 SUMX . . . . . . . REAL 8 10

3 000CH 400 XARRAY . . . . . . REAL ARRAY(100) 10 11 12

MODULE INFORMATION:

CODE AREA SIZE = 00994 153D

CONSTANT AREA SIZE = 0004H 4D

VARIABLE AREA SIZE = O1AOH 416D

MAXIMUM STACK SIZE = 0002H 2D

33 LINES READ
O PROGRAM ERROR(S)

END OF PL/M-86 COMPILATION

Figure S-23. Sample PL/M-86 Program (Cont’d.)

course, is that it does support arithmetic on mixed
data types, and assembly language programmers
can take advantage of this facility.

The ASM-86 version (figure S-24) defines the
external procedure INIT87, which makes the dif-
ferent initialization requirements of the processor
and its emulator transparent to the source code.
‘After defining the data, and setting up the seg-

ment registers and stack pointer, the program
calls INIT87 and loads the control word. The
computation begins with the next three instruc-
tions, which clear three registers by loading
(pushing) zeros onto the stack. As shown in figure
S-25, these registers remain at the bottom of the
stack throughout the computation while tem-
porary values are pushed on and popped off the
stack above them.

8086/8087/8088 MACRO ASSEMBLER ARRSUM

ISIS-II 8086/8087/8088 MACRO ASSEMBLER V3.0 ASSEMBLY OF MODULE ARRSUM

OBJECT MODULE PLACED IN :F1:ARRSUM.OBJ
ASSEMBLER INVOKED BY:

:FO:ASM36 :F1:ARRSUM.A86 XREF

L0C 0BJ LINE SOURCE
1 ;DEFINE INITIALIZATION ROUTINE
2 EXTRN  INIT87:FAR
3
4 ;ALLOCATE SPACE FOR DATA
- 5 DATA SEGMENT PUBLIC 'DATA'
0000 3E03 6 CONTROL_87 DW 033EH
0002 77?2 7 N_OF DW ?
0004 (100 8 X_ARRAY D 100 DUP (?)
22292292
0194 22227772 9 SUM_X DD ?
0198 22227722 10 SUM_INDEXES DD ?
019C 22222222 11 SUM_SQUARES DD ?
i 12 DATA ENDS

Figure S-24. Sample ASM-86 Program
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8086/8087/8088 MACRO ASSEMBLER

10C 0BJ LINE
13
13
—_ 15
0000 (200 16

2227

)

17
18
0190 19
— 20
21
———— 22
23
24
0000 25
0000 B8---- R 26
0003 S8ED8 27
0005 B8---- R 28
0008 8EDO 29
000A BC9001 R 30
31
32
33
34
35
000D 9A0000===- E 36
0012 9BDI2E0000 R 37
38
39
40
0017 9BDI9EE 4
001A 9BDIEE 42
001D 9IBDIEE 43
44
45
. 46
0020 8BOE0200 R 47
0024 E329 48
0026 BB0400 49
0029 FTE9 50
002B 8BFO -51
52
53
54
002D 55
002D 83EE04 56
0030 9BD9840400 R 57
0035 9BDCC3 58
0038 9BDICO 59
003B 9BDCC8 60
003E 9BDEC2 21
. 2
0041 9BDEOE0200 R 63
0046 9BDEC2 24
5
0049 FFOE0200 R 66
004D E2DE 67
68
69
004F - 70
004F 9BD91EICO1 R T
0054 9BD91EI801 R 72
0059 9BDI1E9401 R 73
" 74
75
76
77
— 78
79
0000 80

ARRSUM

SOURCE

;ALLOCATE CPU
STACK

5 LABEL INITIA

STACK SPACE

SEGMENT STACK 'STACK'
oW

L TOP OF STACK

200 DUP (?)

WORD

*CODE!'

ASSUME CS:CODE,DS:DATA,SS:STACK,ES:NOTHING

STACK_TOP LABEL

STACK ENDS

CODE SEGMENT PUBLIC
START:

MOV AX,DATA

MOV DS, AX

MoV AX,STACK

MOV S8, AX

MOV SP,OFFSET STACK TOP

ASSUWE X _ARRAY & N _OF X ARE INITIALIZED

NOTE:

PROGREM ZEROS N_OF

~PREPARE THE 8087 OR ITS EMULATOR

CALL
FLDCW

INITST
CONTROL_87

;CLEAR 3 REGISTERS TO HOLD RUNNING SUMS.

FLDZ
FLDZ
FLDZ

;SETUP CX AS

MOV
JCXZ
Mov
IMUL
MoV

LOOP COUNTER & SI AS INDEX TO X_ARRAY.

CX,N_OF X
POP_RESULTS
AX,TYPE X_ARRAY
cX

SI,AX

sEXIT EARLY IF X_ARRAY EMPTY

5SI NOW CONTAINS INDEX OF LAST ELEMENT + 1.
;LOOP THRU X_ARRAY ACCUMULATING SUMS.

SUM_NEXT:
SUB
FLD
FADD
FLD
FMUL
FADDP

FIMNUL
FADDP

DEC
LOOP

; POP RUNNING
POP_RESULTS:

FSTP
FSTP
FSTP

H

{ETC...

CODE  ENDS
END

SI,TYPE X_ARRAY
X ARRAY[SI]
ST(3),sT
ST
ST, ST
st{2),st
N _OF X
ST(27,ST
N _OF X
SUM_NEXT

SUMS INTO MEMORY
SUM_SQUARES

SUM_INDEXES
SUM_X

START

;BACKUP ONE ELEMENT

3PUSH IT ONTO STACK

;ADD INTO SUM OF X
3sDUPLICATE X ON TOP

3 SQUARE IT

sADD INTO SUM OF SQUARES

; AND DISCARD

3GET X TIMES ITS INDEX

;ADD INTO SUM OF (INDEX * X)
; AND DISCAR

sREDUCE INDEX FOR NEXT ITERATION
;CONTINUE

Figure S-24. Sample ASM-86 Program (Cont’d.)
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8086/8087/8088 MACRO ASSEMBLER

XREF SYMBOL TABLE LISTING

ARRSUM

NAME TYPE VALUE ATTRIBUTES, XREFS

??SEG . . . SEGMENT SIZE=0000H PARA PUBLIC

CODE. . . . SEGMENT SIZE=005EH PARA PUBLIC 'CODE' 22# 23 78
CONTROL_87. V WORD OOOOH DATA 6# 37

DATA. .~ . . SEGMENT SIZE=0O1AOH PARA PUBLIC 'DATA" 35§ 12 23 26
INIT87. . . L FAR 0000H EXTRN 2# 36

N OF X. . . V WORD O002H DATA T7# 47 63 66

pOP_RESULTS L NEAR OO4FH CODE 48 T70#

STATK . . . SEGMENT SIZE=0190H PARA STACK 'STACK

STACK_TOP . V WORD O0190H STACK 19# 30

START . . . L NEAR 0000H CODE 25# 80

SUM_INDEXES V DWORD 0198H DATA 10# 72

SUM_NEXT. . L NEAR O002DH CODE 55# 67

SUM_SQUARES V DWORD O19CH DATA 114 Tt

SUMX . .. V DWORD O0194H DATA 9# 73

X_ARRAY . . V DWORD OOO4H DATA 8# 49 56 57

ASSEMBLY COMPLETE, NO ERRORS FQUND

Figure S-24. Sample ASM-86 Program (Cont’d.)

The program uses the CPU LOOP instruction to
control its iteration through X__ ARRAY; register
CX, which LOOP automatically decrements, is
loaded with N__OF__X, the number of array
elements to be summed. Register SI is used to
select (index) the array elements. The program
steps through X _ARRAY from ‘‘back to
front”’, so Sl is initialized to point at the element
just beyond the first element to be processed. The
ASM-86 TYPE operator is used to determine the
number of bytes in each array element. This per-
mits changing X__ARRAY to a long real array by
simply changing its definition (DD to DQ) and
re-assembling.

Figure S-25 shows the effect of the instructions in
the program loop on the NDP register stack. The
figure assumes that the program is in its
first iteration, that N__OF__X is 20, and that
X_ARRAY(19) (the 20th element) contains the
value 2.5. When the loop terminates, the three
'sums are left as the top stack elements so that the
program ends by simply popping them into
memory variables.

S.9 Special Topics

This section describes features of the 8087 which
will be of interest to groups of users who have
special requirements. Most users will not need to
understand this material in detail in order to
utilize the NDP successfully. Most readers, then,
can either browse this section, or skip it altogether
in favor of the programming examples in section
S.10.

The first four topics in this section cover the
8087’s generation and handling of nonnormalized
real values, zeros, infinities and NANs. In the
great majority of applications, these special
values will either not appear at all, or in the case
of zeros, will function according to the normal
rules of arithmetic. Next the bit encodings of each
data type are summarized in table form, including
special values. This information may be of use to
programmers who are sorting these data types or
are decoding unformatted memory dumps or data
monitored from the bus. At the end of the section
is a table that lists all 8087 exception conditions
by class, and the processor’s masked response to
each exception. This information will principally
be of use to writers of exception handlers and to
anyone else interested in ascertaining the exact
conditions under which the NDP signals a given
type of exception.
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FLDZ,FLDZ,FLDZ

FLD X_ARRAY[SI]

ST(0) 0.0 SUM__SQUARES ST(0) 2.5 X_ARRAY (19)
ST(1) 0.0 SUM__INDEXES ST(1) SUM__SQUARES
ST(2) 0.0 SUM_X ST(2) 0.0 SUM_INDEXES
ST(3) 0.0 SUM_X
—
—
FADD ST(3),ST - FLD ST
ST(0) 2.5 X_ARRAY (19) ST(0) 2.5 X_ARRAY (19)
ST(1) 0.0 SUM__SQUARES ST(1) 2.5 X_ARRAY (19)
ST(2) 0.0 SUM__INDEXES ST(2) 0.0 SUM_SQUARES
ST(3) 2.5 SUM_X ST(3) 0.0 SUM_INDEXES
ST(4) 2.5 SUM_X
—
—
FMUL ST,ST - — _FADDP ST(2),ST
ST(0) 6.25 X_ARRAY(19)2 ST(0) 2.5 X_ARRAY(19)
ST(1) 2.5 X_ARRAY(19) ST(1) 6.25 SUM__SQUARES
ST(2) 0.0 SUM__SQUARES ST(2) 0.0 SUM__INDEXES
ST(3) 0.0 SUM__INDEXES ST(3) 2.5 SUM_X
ST(4) 2.5 SUM_X -
-
~
FIMUL N_OF_X -~ FADDP ST(2),ST
ST(0) 50.0 X_ARRAY(19)*20 ST(0) 6.25 SUM__SQUARES
ST(1) 6.25 SUM__SQUARES ST(1) 50.0 SUM_INDEXES
ST(2) 0.0 SUM__INDEXES ST(2) 2.5 SUM_X
ST(3) 2.5 SUM_X

Figure S-25. Instructions and Register Stack

Nonnormal Real Numbers

As discussed in section S.3, the 8087 generally
stores nonzero real numbers in normalized
floating point form; that is, the integer (leading)
bit of the significand is always a 1. This bit is
explicitly stored in the temporary real format, and
is implicit in the short and long real forms. Nor-
malized storage allows the maximum number of
significant digits to be held in a significand of a
given width, because leading zeros are eliminated.

Denormals

A denormal is the result of the NDP’s masked
response to an underflow exception. Underflow
occurs when the exponent of a true result is too
small to be represented in the destination format.
For example, a true exponent of —130 will cause
underflow if the destination is short real, because
—126 is the smallest exponent this format can
accommodate. (No underflow would occur if the
destination were long or temporary real since
these can handle exponents down to —1023 and
—16,383, respectively.)

S-67



8087 NUMERIC DATA PROCESSOR

The NDP’s unmasked response to underflow is to
stop and request an interrupt if the destination is
a memory operand. If the destination is a register,
the processor adds the constant 24,576 (decimal)
to the true result’s exponent, returns the result,
and then requests an interrupt. The constant
forces the exponent into the range of the tem-
porary real format, and an exception handler can
subtract out the constant to ascertain the true

exponent. Thus, execution always stops when

there is an unmasked underflow.

The intent of the masked response to underflow is
to allow computation to continue without pro-
gram intervention, while introducing an error that
carries about the same risk of contaminating the
final result as roundoff error. Roundoff (preci-
sion) errors occur frequently in real number
calculations; sometimes they spoil the result of
computation, but often they do not. Recognizing
that roundoff errors are often non-fatal, com-
putation usually proceeds and the programmer
inspects the final result to see if these errors have
had a significant effect. The 8087’s masked
underflow response allows programmers to treat
underflows in a similar manner; the computation
continues and the programmer can examine the
final result to determine if an underflow has had
important consequences. (If the underflow has
had a significant effect, an invalid operation will
probably be signalled later in the computation.)

Most computers underflow ‘‘abruptly’’; they
simply return a zero result, which is likely to pro-
duce an unacceptable final result if computation
continues. The 8087, on the other hand,
underflows ‘‘gradually’’ when the underflow

-applications.

exception is masked. Gradual underflow is
accomplished by denormalizing the result until it
is just within the exponent range of the destina-
tion. Denormalizing means incrementing the true
result’s exponent and inserting a corresponding
leading zero in the significand, shifting the rest of
the significand one place to the right. Table S-23
illustrates how a result might be denormalized to
fit a short real destination.

Denormalization produces a denormal or a zero.
Denormals are readily identified by their
exponents, which are always the minimum for
their formats; in biased form, this is always the
bit string: 00...00. This same exponent value is
also assigned to the zeros, but a denormal has a
nonzero significand. A denormal in a register is
tagged special.

The denormalization process may cause the loss
of low-order significand bits as they are shifted
off the right. In a severe case, all the significand
bits of the true result are shifted out and replaced
by the leading zeros. In this case, the result of
denormalization is a true zero, and if the value is
in a register, it is tagged as such. However, this is
a comparatively rare occurrence, and in any case
is no worse than ‘‘abrupt’’ underflow.

Denormals are rarely encountered in most
Typical debugged algorithms
generate extremely small results during the
evaluation of intermediate subexpressions; the
final result is usually of an appropriate magnitude
for its short or long real destination. If
intermediate results are held in temporary real, as
is recommended, the great range of this format

Table S-23. Denormalization Process

Operation Sign Exponent(! Significand
True Result 0 -129 1,01011100...00
Denormalize 0 -128 0,101011100...00
Denormalize 0 -127 0,0101011100...00
Denormalize 0 -126 0,00101011100...00
Denormal Result® 0 -126 0,00101011100...00

Notes:

‘Mexpressed as unbiased, decimal number

@Before storing, significand is rounded to 24 bits, integer bit is dropped, and exponent is

biased by adding 126.
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makes underflow very unlikely. Denormals are
likely to arise only when an application generates
a great many intermediates, so many that they
cannot be held on the register stack or in
temporary real memory variables. If storage
limitations force the use of short or long reals for
intermediates, and small values are produced,
underflow may occur, and if masked, may
generate denormals.

Accessing a denormal may produce an exception
as shown in table S-24. (The denormalized excep-
tion signals that a denormal has been fetched.)
Denormals may have reduced significance due to
lost low-order bits, and an option of the proposed
IEEE standard precludes operations on non-
normalized operands. This option may be
implemented in the form of an exception handler
that responds to unmasked denormalized excep-
tions. Most users will mask this exception so that
computation may proceed; any loss of accuracy
will be analyzed by the user when the final result
is delivered.

As table S-24 shows, the division and remainder
operations do not accept denormal divisors and
raise the invalid operation exception. Recall, also,
that the transcendental instructions require
normalized operands and do not check for excep-
tions. In all other cases, the NDP converts denor-
mals to unnormals, and the unnormal arithmetic
rules then apply.

Unnormals

An unnormal is the ‘‘descendent’’ of a denormal
and therefore of a masked underflow response.
An unnormal may exist only in the temporary real
format; it may have any exponent that a normal
may have, but it is distinguished from a normal
by the integer bit of its significand, which is
always 0. An unnormal in a register is tagged
valid.

Unnormals allow arithmetic to continue follow-
ing an underflow while still retaining their identity
as numbers which may have reduced significance.
That is, unnormal operands generate unnormal
results, so long as their unnormality has a signifi-
cant effect on the result. Unnormals are thus
prevented from ‘‘masquerading’’ as normals,
numbers which have full significance. On the
other hand, if an unnormal has an insignificant
effect on a calculation with a normal, the result
will be normal. For example, adding a small
unnormal to a large normal yields a normal
result. The converse situation yields an unnormal.

Table S-25 shows how the instruction set deals
with unnormal operands. Note that the unnormal
may be the original operand or a temporary
created by the 8087 from a denormal.

Table S-24. Exceptions Due to Denormal Operands

Operation Exception Masked Response

FLD (short/long real) D Load as equivalent unnormal

arithmetic (except following) D Convert (in a work area) denormal to equivalent
unnormal and proceed

Compare and test D Convert (in a work area) denormal to equivalent
unnormal and proceed

Division or FPREM with | Return real indefinite

denormal divisor
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Table S-25. Unnormal Operands and Results

Operation

- Result

- Addition/subtraction
Multiplication

Division (unnormal dividend only)
FPREM (unnormal dividend only)

Division/FPREM (unnormal
divisor)

Compare/FTST
FRNDINT

FSQRT

FST, FSTP (short/long real
destination)

FSTP (temporary real destination)
FIST, FISTP, FBSTP

FLD

FXCH

Transcendental instructions

Normalization of operand with larger absolute
value determines normalization of result.

If either operand
unnormal.

Resultis unnormal.
Resultis normalized.
Signal invalid operation.

Normallze as much as possible before maklng
comparison. :

Normalize as much as possuble before
rounding.

Signal invalid operation.

If value is above destination’s underflow ‘
boundary, then signal invalid operation; else
signal underflow.

Store as usual.

Signal invalid operation.
Load as usual.
Exchange as usual

Undefined; operands must be.normal and are
not checked. :

is unnormal, result is

Zeros and Pseudo-Zeros

As discussed in section S.3, the real and packedi

decimal data types support signed zeros, while the
binary integers represent a single zero, signed
positive. The signed zeros behave, however, as
though they are a single unsigned quantity. If
necessary, the FXAM instruction may be used to
determine a zero’s sign.

The zeros discussed above are called true zeros; if
one of them is loaded or generated in a register,
the register is tagged zero. Table S-26 lists the
results of instructions executed with zero

operands and also shows how a true zero may be
created from nonzero operands. (Nonzero
operands are denoted ‘“X’’ or Y’ in the table.)

Only the temporary real format may contain a
special class of values called pseudo-zeros. A
pseudo-zero is an unnormal whose significand is
all zeros, but whose (biased) exponent is nonzero
(true zeros have a zero exponent). Neither is a
pseudo-zero’s exponent all ones, since this
encoding is reserved for infinities and NANs. A
pseudo-zero result will be produced if two
unnormals, containing a total of more than 64
leading zero bits in their significands, are
multiplied together. This is a remote possibility in
most applications, but it can happen.

Mnemonics © Intel 1980
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Table S-26. Zero Operands and Results

Operation/Operands Result Operation/Operands Result
FLD, FBLD M Division
+0 +0 +0+ =0 Invalid operation
-0 -0 +X ++0 Zerodivide
FILD @ +0++X, -0+ =X +0
+0 +0 +0+-X,-0++X -0
FST, FSTP =X +-Y, +X++Y +0, underflow (8)
+0 +0 —XE4Y, X ==Y -0, underflow ®
-0 -0
+X @ +0 FPREM '
—X @) -0 +0 rem =0 Invalid operation
FBSTP +Xrem +0 Invalid operation
+0 +0 +0rem +X, +0 rem —-X +0
-0 -0 —-0rem+X, -0rem -X -0
FIST, FISTP +X rem +Y, +X rem Y +0
+0 +0 —-Xrem-=Y,-Xrem+Y =09
-0 +0
+X @ +0 FSQRT
-X@ +0 -0 -0
+0 +0
Addition
+0 plus +0 +0 Compare
-0 plus -0 -0 +0:+X A<B
+0 plus -0, =0 plus +0 *0® +0:+0 A=B
—X plus +X, +X plus =X *0® +0:-X A>B
+0 plus =X, =X plus =0 X ©®
FTST
Subtraction +0 Zero
+0 minus -0 +0 FCHS
-0 minus +0 -0 +0 -0
+0 minus +0, —0 minus —0 *0® -0 +0
+X minus +X, —X minus -X | *0® FABS
+0 minus £X, X minus 0 | X ©® =0 +0
F2XM1
Multiplication +0 +0
+0e+0,-0°—0 +0 -0 -0
+0e—0,-0e+0 -0 FRNDINT
+0e+X, +X o +0 +0 +0 +0
+0e—-X,—Xe+0 -0 -0 -0
—0e+X,+X -0 -0 FXTRACT
—0e—-X,—Xe-0 +0 +0 Both +0
+Xo+Y,=Xe-Y . +0, underflow M -0 Both -0
+Xeo-Y,-Xeo+Y -0, underflow M
Notes:

() Arithmetic and compare operations with real memory operands interpret the memory operand signs in

the same way.

@ Arithmetic and compare operations with binary integers interpret the integer sign in the same manner.

@ Severe underflows in storing to short or long real may generate zeros.
) small values (IX] < 1) stored into integers may round to zero.

) Sign is determined by rounding mode:
* =+ for nearest, up or chop
*=—fordown

® t=sign of X.
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™ Very small values of X and Y. may yield zeros, after rounding of true result. NDP signals underflow to
warn that zero has been yielded by nonzero operands.

@ Very small X and very large Y may yield zero, after rounding of true result. NDP signals underflow to
warn that zero has been yielded from nonzero operands.

@ When Y divides into X exactly.

Pseudo-zero operands behave like unnormals,
except in the following cases where they produce
the same results as true zeros:

e  compare and test instructions
e  FRNDINT (round to integer)

e  division, where the dividend is either a true
zero or a pseudo-zero (the divisor is a
pseudo-zero).

In addition and subtraction of a pseudo-zero and
a true zero or another pseudo-zero, the pseudo-
zero(s) behave like unnormals, except for the
determination of the result’s sign. The sign is
determined as shown in table S-26 for two true
zero operands.

“Infinities
The real formats support signed representations

of infinities. These values are encoded with a
biased exponent of all ones and a significand of

1700...00; if the infinity is in a register, it is
tagged special. The significand distinguishes
infinities from NANSs, including real indefinite.

A programmer may code an infinity, or it may be
created by the NDP as its masked response to an
overflow or a zerodivide exception. Note that
when rounding is up or down,-the masked
response may create the largest valid value
representable in the destination rather than infin-
ity. See table S-33 for details. As operands,
infinities behave somewhat differently depending
on how the infinity control field in the control
word is set (see table S-27). When the projective
model of infinity is selected, the infinities behave
as a single unsigned representation; because of
this, infinity cannot be compared with any value
except infinity. In affine mode, the signs of the
infinities are observed, and comparisons are
possible. .

Table S-27. Infinity Operands and Results

Operation Projective Result Affine Result
Addition
+o0 plus +oo0 Invalid operation +o0
—o plus —o Invalid operation —o
+oo plus —© Invalid operation Invalid operation
—oo plus +o Invalid operatlon Invalid operation
+o0 plus £X *oo *oo
+X plus + *oo *oo
Subtraction
+o0 minus — Invalid operation +o0
—o minus + Invalid operation -0
+00 minus +o Invalid operation Invalid operation
—oo minus —o Invalid operation Invalid operation

+o0o minus =X

+X minus =
Multiplication

+00 ® +00

+oo o +Y

+0 @ oo +oo* +(

*00

foo

@ o
@ oo
Invalid operation

*oo

foo

Do
Do
Invalid operation
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Table S-27. Infinity Operands and Results (Cont’d.)

Operation Projective Result Affine Result
Division
+00 - 400 Invalid operation Invalid operation
00 + xX Qo @ ©
+X + xo 0 @0
FSQRT :
—o0 Invalid operation Invalid operation
+o0 Invalid operaton +o0
FPREM
+00 rem *o Invalid operation Invalid operation -
+oorem =X Invalid operation Invalid operation
+Y rem %o * *
+0rem xo *0 *0
FRNDINT
+00 *oo *oo
FSCALE

+oo0 scaled by +o
+o scaled by +X
+0 scaled by +o

+Y scaled by +o

FXTRACT
+00 Invalid operation
Compare
+00; +00 A=B
+00 ; +Y A ? B (and) invalid
operation
+o0 ; +0 A ? B (and) invalid
operation
FTST A?B(and)invalid
+00 operation

Invalid operation
* oo
*

Invalid operation

Invalid operation
*o0
*0
Invalid operation

Invalid operation

—00 < 400
-0 Y <+

—0 < )<+

* o0

Notes: X =zero or nonzero operand

Y = nonzero operand

* = sign of original operand
t = sign is complement of original operand’s sign

®= sign is ‘‘exclusive or’’ original operand signs (+ if operands had same sign,
- if operands had different signs) .

NANs

A NAN (Not-A-Number) is a member of a class
of special values that exist in the real formats
only. A NAN has an exponent of 11...11B, may
have either sign, and may have any significand
except 1400...00B, which is assigned to the
infinities. A NAN in a register is tagged special.

The 8087 will generate the special NAN, real
indefinite, as its masked response to an invalid
operation exception. This NAN is signed

negative; its significand is encoded 1,100...00.
All other NANs represent programmer-created
values. : )

Whenever the NDP uses an operand that is a
NAN, it signals invalid operation. Its masked
response to this exception is to return the NAN as
the operation’s result. If both operands of an
instruction are NANSs, the result is the NAN with
the larger absolute value. In this way, a NAN that
enters a computation propagates through the
computation and will eventually be delivered as
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the final result. Note, however, that the tran-
scendental instructions do not check their
operands, and a NAN will produce an undefined
result.

By unmasking the invalid operation exception,
the programmer can use NANs to trap to the
exception handler. The generality of this
approach and the large number of NAN values
that are available, provide the sophisticated pro-
grammer with a tool that can be applied to a
variety of special situations.

For example, a compiler could use NANs to
references to uninitialized (real) array elements.
The compiler could pre-initialize each array ele-
ment with a NAN whose significand contained
the index (relative position) of the element. If an
application program attempted to access an ele-
ment that it had not initialized, it would use the
NAN placed there by the compiler. If the invalid
operation exception were unmasked, an interrupt

would occur, and the exception handler would be

invoked. The exception handler could determine
which element had been accessed, since the
operand address field of the exception pointers
would point to the NAN, and the NAN would
contain the index number of the array element.

NANsSs could also be used to speed up debugging.
In its early testing phase a program often contains

multiple errors. An exception handler could be

written to save diagnostic information in memory
whenever it was invoked. After storing the
diagnsotic data, it could supply a NAN as the
result of the erroneous instruction, and that NAN
could point to its associated diagnostic area in
memory. The program would then continue,

creating a different NAN for each error. When
the program ended, the NAN results could be
used to access the diagnostic data saved at the
time the errors occurred. Many errors could thus
be diagnosed and corrected in one test run.

Data Type Encodings

Tables S-28 through S-31 summarize how various
types of values are encoded in the seven NDP data
types. In all tables, the less significant bits are to
the right and are stored in the lowest memory
addresses. The sign bit is always the left-most bit
of the highest-addressed byte.

Notice that in every format one encoding is inter-
preted as representing the special value indefinite.
The 8087 produces this encoding as its response to
a masked invalid operation exception. In the case
of the reals, indefinite can be loaded and stored
like any NAN and it always retains its special
identity; programmers are advised not to use this
encoding for any other purpose. Packed decimal
indefinite may be stored by the NDP in a FBSTP
instruction; attempting to use this encoding in
a FBLD instruction, however, will have an
undefined result. In the binary integers, the same
encoding may represent either indefinite or the
largest negative number supported by the format
(=215, =231 or —263). The 8087 will store this
encoding as its masked response to an invalid
operation, or when the value in a source register
represents, or rounds to, the largest negative
integer representable by the destination. In situa-
tions where its origin may be ambiguous, the
invalid operation exception flag can be examined
to see if the value was produced by an exception
response. When this encoding is loaded, or used
by an integer arithmetic or compare operation, it
is always interpreted as a negative number; thus
indefinite cannot be loaded from a packed
decimal or binary integer.
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i

Table S-28. Binary Integer Encodings

Class Sign | Magnitude

o | (Largest) 0 1.1

g . °

:E [ ] [ ]

[73

e [ ] o

(Smallest) 0 00...01

Zero 0 00...00

o | (Smallest) 1 11...11

g [ ] [ ]

= . .

g . °

Z| (Largest/Indefinite*) 1 00...00

Word: |<&—15 bits —>|

Short: <31 bits —»|
Long: |« 63 bits —»

* If this encoding is used as a source operand
(as in an integer load or integer arithmetic
instruction), the 8087 interprets it as the
largest negative number representable in the
format: —215, =231, or —23, The 8087 will deliver
this encoding to an integer destination in two
cases:

1) if the result is the largest negative
number,
2) as the response to a masked invalid

operation exception, in which case it
represents the special value integer
indefinite.

Exception Handling Details

Table S-32 lists every exception condition that the
NDP detects and describes the processor’s
response when the relevant exception mask is set.
The unmasked responses are described in table
S-6. Note that if an unmasked overflow or
underflow occurs in an FST or FSTP instruction,
no result if stored, and the stack and memory are
left as they existed before the instruction was
executed. This gives an exception handler the
opportunity to examine the offending operand on
the stack top.

When rounding is directed (the RC field of the
control word is set to ‘““up’’ or ‘‘down’’), the 8087
handles a masked overflow differently than it
does for the ‘‘nearest’” or ‘‘chop’’ rounding
modes. Table S-33 shows the NDP’s masked
response when the true result is too large to be
represented in it’s destination real format. For a
normalized result, the essence of this response is
to deliver  or the largest valid number represen-
table in the destination format, as dictated by the
rounding mode and the sign of the true result.
Thus, when RC=down, a positive overflow is
rounded down to the largest positive number.
Conversely, when RC=up, a negative overflow is
rounded up to the largest negative number. A
properly signed o« is returned for a positive
overflow with RC=up, or a negative overflow
with RC=down. For an unnormalized result, the
action is similar except that the the unnormal
character of the result is preserved if the sign and
rounding mode do not indicate that % should be
delivered.

In all masked overflow responses for directed
rounding, the overflow flag is not set, but the
precision exception is raised to signal that the
exact true result has not been returned.
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Table S-29. Packed Decimal Encodings

Class sign Magnitude
digit | digit | digit | digit | ... digit
(Largest) | "0 0000000 1001 100110011001 .1001
8 ' ) . .
2 . . .
‘@ . ) .
& | (Smallest) 0 0000000] 0 000 0O0000O0O0O0O0OO0OO...0D0TOH
Zero 0 0000000 0 0 0.0 000000000000 ...0000O
» 12810 1 0000000 0 0 0000O0O0O0OGOOOO0OOO...000O00O
2 | (Smallest) 1 0000000 0 000 00O0CO0O0O0O0OOO0OO0ODOO...00O1
‘6 L L] 3
8 . . .
Z . L4 [d
(Largest) 1 0000000 1 0 0110011001100 1 .1001
Indefinite* 1 MMMl 111111110U0UULUUUU .uuvuu
|<«—1 byte —»|= 9 bytes >

* The packed decimal indefinite encoding is stored by FBSTP in response to a masked invalid
operation exception. Attempting to load this value via FBLD produces an undefined result.
Note: ““UUUU’’ means bit values are undefined and may contain any value.

Table S-30. Real and Long Real Encodings

_ ' . Biased Significand*

Class ‘Slgn Exponent A ff

0 11...11 1.1
. ] L) [ ]
NANS L . Y
L] L] L]

0 11...11 00...01

o 0 11...11 00...00

2 0 11...10 11...11
E [ ] [ ] L]
‘D Normals ° . .
g L] L] [ ]

° 0 00...01 00...00

E 0 00...00 11...11
o . ] o
Denormals . . .
L] ] [ ]

0 00...00 00...01

Zero 0 00...00 00...00
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Table S-30. Real and Long Real Encodings (Cont’d.)

. Biased Significand*
Class Sign Exponent Aff. ff
Zero 1 00...00 00...00
1 00...00 00...01
o o o
Denormals ° ° °
w o o o
E 1 00...00 11...11
1 00...01 00...00
[*] o o
» Normals ° ° °
g o o o
= 1 11...10 1.1
& o 1 .11 00...00
2
1 11...11 00...01
o o o
o o o
» o o o
Z | Indefinite 1 11..11 10...00
=2 ) ) o
o o o
Q o o
1 1.1 1.1

* Integer bit is implied and not stored.

Short: <+ 8 bits —=|<i—23 bits —>{
Long: |<+—11 bits —>}<<—52 bits —=>]|

Table S-31. Temporary Real Encodings

. Biased Significand

Class Sign Exponent 1ff..ff

0 1.1 111,11
(2] © o o
g NANSs ° o 0
:‘é o o o

s 0 1.1 100...01

o 0 1.1 100...00
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Table S-31. Temporary Real Encodings (Cont’d.)

. Biased Significand
Class Sign Exponent 15ff...1f
0 11...10 Normals
. . 111...11
[ ] L] L]
[ ] (] [ ]
[ ] L[] [ ]
L] [ ] ()
. . 100...00
[ ] [ ]
. . Unnormals
g . °
:,E . . 011...11
[7:3 [ . [
S . .
L] L] ()
0 00...01 000...00
Denormals
0 00...00 011...11
L[] L] °
L] [ ]
L] [ ) [ ]
0 00...00 000...01
Zero 0 00...00 000...00
| Reals 7o 1 00...00 000...00
Denormals
1 00...00 000...01
L] [ ] [ ]
L] [ ] L[]
[ ] [ ] [
1 00...00 011...11
1 00...01 Unnormals
2 . . 000...00-
_2 L[] L] [ ]
® . . .
8’ [ ] ° L]
=z . . 011...11
° [N
. . Normals
L] [ ]
. . 100...00
L] L[] L[]
° [ ] [ ]
L[] [ ] [ ]
1 11...10 111...11
) 1 1...11 100...00
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Table S-31. Temporary Real Encodings (Cont’d.)

. Biased Significand
Class Sign | £ ponent Iyff.. .16
1 11,..11 100...00
[ ] [ ] [ ]
[ ] [ ] [ ]
‘ﬂlj’ L ] [ ] L]
-.3 NANs | Indefinite 1 1...11 110...00
g L] L[] )
= ° . .
L) L] [ ]
1 11...11 111..1

~—15 bits=—>—4—64 bits—>

Table S-32. Exception Conditions and Masked Responses

Condition

-

Masked Response

Invalid Operation

Source register is tagged empty (usually
due to stack underflow).

Destination register is not tagged empty
(usually due to stack overflow).

One or both operands is a NAN.

(Compare and test operations only):
one or both operands is a NAN.

(Addition operations only): closure is
affine and operands are opposite-signed
infinities; or closure is projective and both
operands are o (signs immaterial).

(Subtraction operations only): closure is.
affine and operands are like-signed

infinities; or closure is projective and both-

operands are o (signs immaterial).

(Multiplication operations only): o * 0; or
0*oo,

(Division operations only): « + o; or 0 + 0;
or 0 + pseudo-zero; or divisor is denormal
orunnormal.

(FPREM instruction only): modulus
(divisor) is unnormal or denormal;
ordividend is o,

(FSQRT instruction only): operand is
nonzero and negative; or operand is
denormal or unnormal; or closure is affine
and operand is —; or closure is projective
and operand is o,

Return real indefinite .
Return real indefinite (overwrite

destination value).

Return NAN with larger absolute value
(ignore signs).
Set condition codes ‘‘not comparable’’.

Return real indefinite

Return real indefinite.

Return real indefinite.

Return real indefinite.

Return real indefinite, set condition code

= ‘‘complete remainder’’.

Return real indefinite.
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Exception Conditions and Masked Responses (Cont’d.)

Invalid Operation

(Compare operations only): closure is
projective and « is being compared with 0
oranormal, or «,

(FTST instruction only): closure is
projective and operand is .

(FIST, FISTP instructions only): source
register is empty, or a NAN, or denormal,
or unnormal, or «, or exceeds represent-
able range of destination.

(FBSTP instruction only): source register
is empty, or a NAN, or denormal, or

digits.

(FST, FSTP instructions cnly): destination
is short or long real and source register is
an unnormal with exponentin range.

(FXCH instruction only): one or both
registers is tagged empty.

unnormal, or «, or exceeds 18 decimal

Set condition code = ‘‘not comparable’’
Set condition code = ‘‘not comparable’’.
Store integer indefinite . '

Store packed decimal indefinite.

Store real indefinite .

Change empty register(s) to real indefinite
and then perform exchange.

Denormalized Operand

(FLD instruction only): source operand is
denormal.

(Arithmetic operations only): one or both
operands is denormal.

(Compare and test operations only): one
or both operands is denormal or unriormal
(other than pseudo-zero).

No special action; load as usual.

Convert (in a work area) the operand to the
equivalent unnormal and proceed.

Convert (in a work area) any denormal to
the equivalent unnormal; normalize as
much as possible, and proceed with
operation.

Zerodivide

(Division operations only): divisor = 0.

Return « signed with ‘“‘exclusive or’’ of
operand signs.

Overflow
(Arithmetic operations only): rounding is Return properly signed «and signal
nearest or chop, and exponent of true precision exception.
result > 16,383. :
(FST, FSTP instructions only): rounding is Return properly signed e« and signal
nearest or chop, and exponent of true precision exception.
result > +127 (short real destination) :
or > +1023 (long real destination).
M ics © Intel 1980
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Exception Conditions and Masked Responses (Cont’d.)

Underflow

(Arithmetic operations only): exponent of
true result <-16,382 (true).

(FST, FSTP instructions only): destination
is short real and exponent of true result
<-126 (true).

Denormalize until exponent rises to
—16,382 (true), round significand to 64 bits.
If denormalized rounded significand = 0,
then return true 0; else, return denormal
(tag = special, biased exponent =0).

Denormalize until exponent rises to —126
(true), round significand to 24 bits, store
true 0 if denormalized rounded significand

=0; else, store denormal (biased expo-
nent =0).

(FST, FSTP instructions only): destination
is long real and exponent of true result
<-1022 (true).

Denormalize until exponent rises to —1022
(true), round significand to 53 bits, store
true 0 if rounded denormalized significand
=0; else, store denormal (biased expo-
nent =0).

Precision

True rounding error occurs. No special action.

Masked response to overflow exception
earlier in instruction.

No special action.

Table S-33. Masked Overflow Response for Directed Rounding

Norma.ll;;l:lfi:: =5 Sign Rol\;ll:;l;ng Result Delivered
Normal + Up +oo0
Normal + Down Largest finite positive number(®
Normal - Up Largest finite negative number(
Normal - Down —o0
Unnormal + Up +o0
Unnormal - Down Largest exponent, result’s significand®
Unnormal + Up Largest exponent, result’s significand@
Unnormal - Down —

) The largest valid representable reals are encoded:
exponent: 11...10B
significand: (1),11...10B

@ The significand retains its identity as an unnormal; the true result is rounded as usual
(effectively chopped toward 0 in this case). The exponent is encoded 11...10B.
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S.10 Programming Examples

Conditional Branching

As discussed in section S.7, the comparison
instructions post their results to the condition
code bits of the 8087 status word. Although there
are many ways to implement conditional branch-
ing following a comparison, the basic approach is
as follows:

e  execute the comparison,

e  store the status word,

® inspect the condition code bits,
®  jump on the result.

Figure S-26 is'a code fragment that illustrates how
two memory-resident long real numbers might be
compared (similar code could be used with the
FTST instruction). The numbers are called A and

B, and the comparison is A to B. The comparison ¢

itself simply requires loading A onto the top of
the 8087 register stack and then comparing it to B
and popping the stack in the same instruction.
The status word is written to memory and the
code waits for completion of the store before
attempting to use the result.

There are four possible orderings of A and B, and
bits C3 and CO of the condition code indicate
which ordering holds. These bits are positioned in
the upper byte of the status word so as to corres-

pond to the CPU’s zero and carry flags (ZF and
CF), if the byte is written into the flags (see
figures 2-32 and S-6). The code fragment, then,
sets ZF and CF to the values of C3 and CO and
then uses the CPU conditional jumps to test the
flags. Table 2-15 shows how each conditional
jump instruction tests the CPU flags.

The FXAM instruction updates all four condition
code bits. Figure S-27 shows how a jump table
can be used to determine the characteristics of the
value examined. The jump table (FXAM__TBL)
is initialized to contain the 16-bit displacement of
16 labels, one for each possible condition code
setting. Note that four of the table entries contain
the same value, since there are four condition
code settings that correspond to ‘‘empty.”’

The program fragment performs the FXAM and
stores the status word. It then manipulates the
condition code bits to finally produce a number in
register BX that equals the condition code times
2. This involves zeroing the unused bits in the byte
that contains the code, shifting C3 to the right so
that it is adjacent to C2, and then shifting the
code to multiply it by 2. The resulting value is
used as an index which selects one of the
displacements from FXAM__TBL (the
multiplication of the condition code is required
because of the 2-byte length of each value in
FXAM__TBL). The unconditional JMP instruc-
tion effectively vectors through the jump table to
the labelled routine that contains code (not shown
in the example) to process each possible result of
the FXAM instruction.

A DQ ?

B DQ ?
STAT_87 DW ?
FLD A
FCOMP B

;LOAD A ONTO TOP OF 87 STACK
; COMPARE A:B, POP A

FSTSW STAT_87 ;STORE RESULT
FWAIT ;WAIT FOR STORE

Figure S-26. Conditional Branching for Compares ‘
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LOAD CPU REGISTER AH WITH BYTE OF
STATUS WORD CONTAINING CONDITION CODE
AH, BYTE PTR STAT_87+1

. T we we e
o
<

’
; LOAD CONDITION CODES INTO CPU FLAGS
SAHF

’

;USE CONDITIONAL JUMPS TO DETERMINE

; ORDERING OF A AND B

JB A_LESS_OR_UNORDERED

;CF (C0) =0

JNE A_GREATER
A_EQUAL:

;CF (CO0) = 0, ZF (C3)

n
EEN

A_GREATER:
sCF (CO)

0, ZF (C3)

[}
o

A_LESS_OR_UNORDERED:
;CF (CO) = 1, TEST ZF (C3)
INE A_LESS
A_B_UNORDERED:
;CF (CO) = 1, ZF (C3)

n
-

A_LESS:

;CF (CO0) =1, ZF (C3) =0
Figure S-26. Conditional Branching for Compares (Cont’d.)

FXAM_TBL DW POS_UNNORM, POS_NAN, NEG_UNNORM,
& NEG_NAN, POS_NORM, POS_INFINITY,
& NEG_NORM, NEG_INFINITY, POS_ZERO,
& EMPTY, NEG_ZERO, EMPTY, POS_DENORM,
& EMPTY, NEG_DENORM, EMPTY
STAT_87 oW ?

Figure S-27. Conditional Branching for FXAM
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;EXAMINE ST, STORE RESULT, WAIT FOR COMPLETION
FXAM
FSTSW STAT_87
FWAIT

;CLEAR UPPER HALF OF BX, LOAD CONDITION CODE

; IN LOWER HALF :

MOV BH, 0
MOV BL, BYTE PTR STAT_87+1-
;COPY ORIGINAL IMAGE '
MOV AL,BL
;CLEAR ALL BITS EXCEPT C2-CO
AND BL,000001118
;CLEAR ALL BITS EXCEPT (3
AND AL,010000008
;SHIFT C3 TWO PLACES RIGHT
SHR AL, 1
SHR AL, 1
;SHIFT C2-C0° ONE PLACE LEFT (MULTIPLY BY 2)
SAL BX, 1
;DROP C3 BACK IN ADJACENT TO C2 (000XXXX0)
OR BL,AL P .
;JUMP TO THE ROUTINE ''ADDRESSED'' BY CONDITION CODE
JMP FXAM_TBLIBX]

;
;HERE ARE THE JUMP TARGETS, ONE TO HANDLE
; EACH POSSIBLE RESULT OF FXAM
POS_UNNORM:

POS_NAN:
NEG_UNNORM:

NEG_NAN:
POS_NORM:
POS_INFINITY:

NEG_NORM:

NEG_INFINITY:

Figure S-27. Conditional Branching for FXAM (Cont’d.)
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POS_ZERO:
EMPTY:
NEG_ZERO:
POS_DENORM:

NEG_DENORM:

Figure S-27. Conditional Branching for FXAM (Cont’d.)

Exception Handlers

There are many approaches to writing exception
handlers. One useful technique is to consider the
exception handler interrupt procedure as con-
sisting of “‘prologue,”” ‘‘body’’ and ‘‘epilogue”’
sections of code. (For compatibility with the 8087
emulators, this procedure should be invoked by
interrupt pointer (vector) number 16.)

At the beginning of the prologue, CPU interrupts
have been disabled by the CPU’s normal interrupt
response mechanism. The prologue performs all
functions that must be protected from possible
interruption by higher-priority sources. Typically
this will involve saving CPU registers and
transferring diagnostic information from the 8087
to memory. When the critical processing has been
completed, the prologue may enable CPU inter-
rupts to allow higher-priority interrupt handlers
to preempt the exception handler.

The exception handler body examines the
diagnostic information and makes a response that
is necessarily application-dependent. This
response may range from halting execution, to
displaying a message, to attempting to repair the
problem and proceed with normal execution.

The epilogue essentially reverses the actions of the
prologue, restoring the CPU and the NDP so that
normal execution can be resumed. The epilogue

must not load an unmasked exception flag into
the 8087 or another interrupt will be requested
immediately (assuming 8087 interrupts are also
loaded as unmasked).

Figures S-28 through S-30 show the ASM-86
coding of three skeleton exception handlers. They
show how prologues and epilogues can be written
for various situations, but only provide comments
indicating where the application-dependent
exception handling body should be placed.

Figures S-28 and S-29 are very similar; their only
substantial difference is their choice of instruc-
tions to save and restore the 8087. The tradeoff
here is between the increased diagnostic infor-
mation provided by FNSAVE and the faster
execution of FNSTENV. For applications that are
sensitive to interrupt latency, or do not need to
examine register contents, FNSTENV reduces the
duration of the ‘‘critical region,”” during which
the CPU will not recognize another interrupt
request (unless it is a non-maskable interrupt).

After the exception handler body, the epilogues
prepare the CPU and the NDP to resume execu-
tion from the point of interruption (i.e., the
instruction following the one that generated the
unmasked exception). Notice that the exception
flags in the memory image that is loaded into the
8087 are cleared to zero prior to reloading (in
fact, in these examples, the entire status word

S-85
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image is cleared). The prologue also provides for
indicating to the interrupt controller hardware
(e.g., 8259A) that the interrupt has been pro-
cessed. The actual processing done here is
application-dependent, but might typically
involve writing an ‘‘end of interrupt’’ command
to the interrupt controller.

The examples in figures S-28 and S-29 assume
that the exception handler itself will not cause an
unmasked exception. Where this is a possibility,

the general approach shown in figure S-30 can be
employed. The basic technique is to save the full
8087 state and then to load a new control word in
the prologue. Note that considerable care should
be taken when designing an exception handler of
this type to prevent the handler from being
reentered endlessly.

SAVE_ALL

PROC

’
;SAVE CPU REGISTERS, ALLOCATE STACK SPACE
;FOR 8087 STATE IMAGE

PUSH BP
MoV BP,SP
SusB SP,94

;SAVE FULL 8087 STATE,

;ENABLE CPU INTERRUPTS

FNSAVE
FWAIT
STI

[BP-941]

WAIT FOR COMPLETION;

H .
;APPLICATION-DEPENDENT EXCEPTION HANDLING

;CODE GOES HERE

’
;CLEAR EXCEPTION FLAGS IN STATUS WORD
;RESTORE MODIFIED STATE

; IMAGE
Mov

FRSTOR [BP-94]

BYTE PTR [BP-921,

OH

JWAIT FOR RESTORE TO FINISH BEFORE RELEASING MEMORY

FWAIT

;DE-ALLOCATE STACK SPACE,
MOV SP,BP
POP BP

RESTORE CPU REGISTERS

’ :
;CODE TO SEND ''END OF INTERRUPT'' COMMAND TO

;8259A GOES HERE .

; .
;RETURN TO INTERRUPTED CALCULATION

IRET
SAVE_ALL

ENDP

Figure S-28. Full State Exception Handler

Mnemonics © Intel 1978, 1980
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SAVE_ENVIRONMENT PROC

’
;SAVE CPU REGISTERS, ALLOCATE STACK SPACE
;FOR 8087 ENVIRONMENT

PUSH BP
MoV BP,SP
SuB SP,14

;SAVE ENVIRONMENT, WAIT FOR COMPLETION,
;ENABLE CPU INTERRUPTS '
FNSTENV [BP-14]
FWAIT
STI

.
;APPLICATION EXCEPTION-HANDLING CODE GOES HERE
’
;CLEAR EXCEPTION FLAGS IN STATUS WORD
;RESTORE MODIFIED
;ENVIRONMENT IMAGE
MoV BYTE PTR [BP-121, OH
FLDENV [BP-14]
;WAIT FOR LOAD TO FINISH BEFORE -RELEASING MEMORY

FWAIT
;DE-ALLOCATE STACK SPACE, RESTORE CPU REGISTERS
MOV SP,BP
POP BP

; .
;CODE TO SEND ''END OF INTERRUPT'' COMMAND TO
;8259A GOES HERE

RETURN TO INTERRUPTED CALCULATION
IRET
SAVE_ENVIRONMENT ENDP

-
’
-
’

Figure S-29. Reduced Latency Exception Handler
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LOCAL_CONTROL DW ? ;ASSUME INITIALIZED

REENTRANT PROC

’
;SAVE CPU REGISTERS, ALLOCATE STACK SPACE FOR
;8087 STATE IMAGE

PUSH BP
MoV BP,SP
suB SP,94

;SAVE STATE, LOAD NEW CONTROL WORD, WAIT
;FOR COMPLETION, ENABLE CPU INTERRUPTS
FNSAVE [BP-94]
FLDCW LOCAL_CONTROL
FWAIT
STI : .
;CODE TO SEND ''END OF INTERRUPT'' COMMAND TO
;8259A GOES HERE

;APPLICATION EXCEPTION HANDLING CODE GOES HERE.
;AN UNMASKED EXCEPTION GENERATED HERE WILL
;CAUSE THE EXCEPTION HANDLER TO BE REENTERED.
;IF LOCAL STORAGE IS NEEDED, IT MUST BE
;ALLOCATED ON THE CPU STACK.

7CLEAR EXCEPTION FLAGS IN STATUS WORD
;RESTORE MODIFIED STATE IMAGE
‘MOV BYTE PTR [BP-92], OH
FRSTOR [BP-94]
;WAIT FOR RESTORE TO FINISH BEFORE RELEASING MEMORY

FWAIT
;DE-ALLOCATE STACK SPACE, RESTORE CPU REGISTERS
Mov SP,BP
POP BP
;RETURN TO POINT OF INTERRUPTION
IRET
REENTRANT ENDP

Figure S-30. Reentrant Exception Handler
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IAPX 86/20 - '

IAPX 88/20
NUMERIC DATA PROCESSOR

s High Performance 2-Chip Numeric = Support 8 Data Types: 8-, 16-, 32-, 64-
Data Processor Bit Integers, 32-, 64-, 80-Bit Floating

= Standard iAPX 86/10, 88/10 Instruction Point, and 18-Digit BCD Operands
Set Plus Arithmetic, Trigonometric, = 8x80-Bit Individually Addressable
Exponential, and Logarithmic Register Stack plus 14 General
Instructions For All Data Types Purpose Registers

= All 24 iAPX 86/10, 88/10 Addressing = 7 Built-in Exception Handling
Modes Available ‘ Functions

= Conforms To Proposed IEEE Floating = MULTIBUS System Compatible
Point Standard Interface

The Intel iIAPX 86/20 and iAPX 88/20 are two-chip numeric data processors (NDP’s). They provide the instruc-
tions and data types needed for high-performance numeric applications. The NDP provides 100 times the
performance of an iAPX 86/10, 88/10 CPU alone for numeric processing. The iAPX 86/20 consists of an iAPX
86/10 (16-bit 8086 CPU) and a numeric processor extension (NPX), the 8087. The iAPX 88/20 consists of the
NPX in conjunction with the iAPX 88/10 (8-bit 8088 CPU). The NDP conforms to the proposed IEEE Floating
Point Standard. :

Both components of the iAPX 86/20 and iAPX 88/20 are implemented in N-channel, depletion load, silicon gate
technology (HMOS), housed in two 40-pin packages. The iAPX 86/20, 88/20 adds 68 numeric processing
instructions to the iAPX 86/10, 88/10 instruction set and eight 80-bit registers to the register set.

MAX MAX
MODE MODE }
8086 8088

:

GND (1 Vee GND ] D vee
—— e — — (A14) AD14 (]2 AD15  (A14) AD14 (]2 39[] AD15 (A15)
) r 1 (A13) AD13 (3 A16/s3  (A13) AD13 (] 38 [ A16/S3
| | (A12) AD12 [ ¢ A17/S4  (A12) AD12 []¢ 37[] A17/54
| 8088 | a1y ap11 s At8/S5 (A1) AD11[]s [ A18/S5
PROG! ATA
1 | wewoRY | | mEmoRy | (a10) D10 (e A19/S6  (A10) AD10 (|6 35 [ A19/58
D | | Requesw queve ___ | (A9) ADg []7 BHE/S7 (A9) ADg L] 7 34| BHE/S7 MIGH)
| GRANT _ STATUS __ TEST (A8) AD8 (|8 RQ/GT1 (A8) AD8 []® 33 [7] MNMX
wan ||| | Ap7 (] INT Ap7(]e 327} RD
N A , g
Sanen|] | INTERFACE Aps RA/GTO (ADE[Jw  sws  a1[] RAIGTO
| ADS (] NC ADS [ 11 % [] RG/GT1
| ‘ AD4 (] Ne AD4 [ 12 [ TOCK
KEEEERE R aos k] A3 e =D %
! 8087 | . AD2 (] §i AD2[]14 277 §
| cLock NPX | PERIPHERAL AD1 [ 5 AD1 s %]
I ADO (] Qso ADO []1s 5[] QS0
k\ Nc O ast NMI ()17 4[] @s1
L —_— — — — — ] ‘t8ei0.8820 NC (] BUSY INTR[] 18 2] TEST
CLK [] READY CLK [ 22[7] READY
GND [] RESET GND [} 20 21[7] RESET
Figure 1. iAPX 86/20, 88/20 Block Diagram Figure 2. iAPX 86/20, 88/20 Pin Configuration
Intel Corp ion A No ponsibilty for the Use of Any Circuitry Other Than Circuitry Embodied in an Intel Product. No Other Circuit Patent Licenses are Implied.
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Table 1. 8087 Pin Description

Symbol Type Name and Function

AD15-ADO | I/O |Address Data:These lines constitute the time multiplexed memory address (T1) and data (T2,
T3, Tw, T4) bus. A0 is analogous to BHE for the lower byte of the data bus, pins D7-DO0. It is
LOW during T4.when a byte is to be transferred on the lower portion of the bus in memory
operations. Eight-bit oriented devices tied to the lower half of the bus would normally use AQ
to condition chip select functions. These lines are active HIGH. They are input/output lines for
8087 driven bus cycles and are inputs which the 8087 monitors when the 8086/8088 is in
control of the bus. A15-A8:do not require an address latch in an iAPX 88/20. The 8087 will
supply an address for the T1-T4 period.

A19/S6, /O | Address Memory: During Ty these are the four most significant address lines
A18/S5, for memory operations. During memory operations, status information is available on
A17/84, these lines during T, T3, Tw, and T4. For 8087 controlled bus cycles, S6, S4, and S3
A16/S3 are reserved and currently one (HIGH), while S5 is always LOW. These lines are inputs which

the 8087 monitors when the 8086/8088 is in control of the bus.

BHE/S7 I/0 | Bus High Enable: During.T{ the bus high enable signal (BHE) should be used to enable data
onto the most significant half of the data bus, pins D15-D8. Eight-bit oriented devices tied to
the upper half of the bus would normally use BHE to condition chip select functions. BHE is
LOW during T4 for read and write cycles when a byte is to be transferred on the high portion of
the bus. The S7 status information is available during To, T3, Tw, and T4. The signal is active
LOW. S7 is an input which the 8087 monitors during 8086/8088 controlled bus cycles.

S$3,51,50 | 1/O ‘| Status: For 8087 driven bus cycles, these status lines are encoded as follows:
S2 §1

0 (Low) X
1 (HIGH) 0
0

1

-

Unused

Unused

Read Memory

1 Write Memory

1 1 Passive

Status is driven active during T4, remains valid during T1 and Ty, and is returned to the
passive state (1, 1, 1) during T3 or during Tyy when READY is HIGH. This status is used by the
8288 Bus Controller to generate all memory access control signals. Any change in S3, 51, or
S0 during T4 is used to indicate the beginning of a bus cycle, and the return to the passive
state in T3 or Ty is used to indicate the end of a bus cycle. These signals are monitored by the
8087 when the 8086/8088 is in control of the bus.

1

—no—-oxg’|

RQ/GTO I/0 | Request/Grant: This request/grant pin is used by the NPX to gain control of the local bus from
' | the CPU for operand transfers or on behalf of another bus master. It must be connected to one
of the two processor request/grant pins. The request grant sequence on this pin is as follows:

1. A pulse one clock wide is passed to the CPU to indicate a local bus request by either the
8087 or the master connected to the 8087 RQ/GT1 pin.

2. The 8087 waits for the grant pulse and when it is received will either initiate bus transfer
activity in the clock cycle following the grant or pass the grant out on the RQ/GT1 pinin this
clock if the initial request was for another bus master.

3. The 8087 will generate a release pulse to the CPU one clock cycle after the completion of
the last 8087 bus cycle or on receipt of the release pulse from the bus master on RQ/GT1.
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Table 1. 8087 Pin Description (Continued)

Symbol Type Name and Function

RQ/GT1 /O | Request/Grant: This request/grant pin is used by another local bus master to force the 8087 to
request the local bus. If the 8087 is not in control of the bus when the request is made the
request/grant sequence is passed through the 8087 on the RQ/GTO pin one cycle later.
Subsequent grant and release pulses are also passed through the 8087 with a two and one
clock delay, respectively, for resynchronization. RQ/GT1 has has an internal pullup resistor,
and so may be left unconnected. If the 8087 has control of the bus the request/grant sequence
is as follows:

1. A pulse 1 CLK wide from another local bus master indicates a local bus request to the 8087

| (pulse 1). ) o
2. During the 8087’s next T4 or Ty a pulse 1 CLK wide from the 8087 to the requesting master

(pulse 2) indicates that the 8087 has allowed the local bus to float and that it will enter the
“RQ/GT acknowledge” state at the next CLK. The 8087’s control unit is disconnected
logically from the local bus during “RQ/GT acknowledge.”

3. A pulse 1 CLK wide from the requesting master indicates to the 8087 (pulse 3) that the
“RQ/GT” request is about to end and that the 8087 can reclaim the local bus at the next
CLK.

Each master-master exchange of the local bus is a sequence of 3 pulses. There must be one

dead CLK cycle after each bus exchange. Pulses are active LOW.

Qs1, I |QS1, @S0: QS1 and QSO provide the 8087 with status to allow tracking of the CPU
Qso instruction queue. T
Qs1 Qso

0 (LOW) 0 No Operation

0 1 First Byte of Op Code from Queue
1 (HIGH) 0 Empty the Queue

1 1 Subsequent Byte from Queue

INT (0] Interrupt: This line is used to indicate that an unmasked exception has occurred during
numeric instruction execution when 8087 interrupts are enabled. This signal is typically
routed to an 8259A. INT is active HIGH.

BUSY O  |Busy: This signal indicates that the 8087 NEU is executing a numeric instruction. It is con-
-|nected to the CPU’s TEST pin to provide synchronization. In the case of an unmasked
exception BUSY remains active until the exception is cleared. BUSY is active HIGH.

READY l Ready: READY is the acknowledgment from the addressed memory device that it will
complete the data transfer. The RDY signal from memory is synchronized by the 8284A Clock
Generator to form READY. This signal is active HIGH.

RESET 1 Reset: RESETcauses the processor to immediately terminate its present activity. The signal
must be active HIGH for at least four clock cycles. RESET is internally synchronized.

CLK 1 Clock: The clock provides the basic timing for the processor and bus controller. It is asym-
metric with a 33% duty cycle to provide optimized internal timing.

Vee Power: Vg is the +5V power supply pin.
GND Ground: GND are the ground pins.
NOTE:

For the pin descriptions of the 8086 and 8088 CPU's reference those respective data sheets (iAPX 86/10, iAPX 88/10).
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APPLICATION AREAS

“The IAPX 86/20 and iAPX 88/20 provide functions
meant specifically for high performance numeric

processing requirements. Trigonometric, logarith- -

mic, and exponential functions are built into the
processor hardware. These functions are essential
in scientific, engineering, navigational, or military
applications.

The NDP also has capabilities meant for business or
commercial computing. An iAPX 86/20, 88/20 can
process Binary Coded Decimal (BCD) numbers up

to 18 digits without roundoff errors. It can also per- -

form arithmetic on integers as large as 64 bits
(£10'8).

PROGRAMMING LANGUAGE SUPPORT

Programs for the iAPX 86/20 and iAPX 88/20 can be
- written in ASM-86, the iAPX 86,88 assembly lan-
guage, PL/M-86, FORTRAN-86, and PASCAL-86, In-
tel's high-level languages for iAPX 86, 88 systems.

Details

The remainder of the data sheet will concentrate on
the numeric processor extension (refered to as NPX
or 8087). For iAPX 86/10 or iAPX 88/10 CPU details
refer to those respective data sheets.

FUNCTIONAL DESCRIPTION

" The iAPX 86/20, 88/20 Numeric Data Processor’s ar-

chitecture is designed for high performance
numeric- computing in conjunction with general
purpose processing.

The 8087 is a numeric processor extension that
provides arithmetic and logical instruction support
for a variety of numeric data types in iAPX 86/20,
88/20 systems. It also executes numerous built-in
transcendental functions (e.g., tangent and log
functions). The 8087 .executes instructions as a
coprocessor to a maximum mode 8086 or 8088. It
effectively extends theregister and instruction set of
an iAPX 86/10 or 88/10 based system and adds
several new data types as well. Figure 3 presents the
registers of the iAPX 86/20. Table 2 shows the range
of data types supported by the NDP. The 8087 is
treated as an extension to the iAPX 86/10 or 88/10,
providing register, data types, control, and instruc-
tion capabilities at the hardware level. At the pro-
grammers level the iAPX 86/20, 88/20 is viewed as a
single unified processor.

iAPX 86/20, 88/20 System Configuration

As a coprocessor to an 8086 or 8088, the 8087 is

‘wired in parallel with the CPU as shown in Figure 4.

The CPU's status (SO-S2) and queue status lines
(QS0-QS1) enable the 8087 to monitor and decode

IAPX 86110, 88/10, | IiAT:og.l’ELD . TAG FIELD
15 FILE: 0 79 78 64 63 [} 0
AX I R1.| SIGN | EXPONENT SIGNIFICAND
BX : R2
. cX | R
DX | R4
sl I RS
DI R6
BP ! R7
sP l R8
L —
15 0
[ CONTROLREGISTER

STATUS REGISTER

|- INSTRUCTIONPOINTER -

DATAPOINTER 1

Figure 3. iAPX 86/20 Architecture
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Table 2. iAPX 86/20, 88/20 Data Types

Fc:::?n':ts Range Precision Most Significant Byte
7 o7 oz o7z oz o7 or oz o7 off o
Byte Integer 102 8 Bits ‘ Iz lg| Two’s Complement
Word Integer 10* 16 Bits 15 lp| Two’s Complement
Short Integer 10° 32 Bits 131 lg| Two’s Complement
Two’s
Long Integer 108 64 Bits le3 Iol Compler‘:lvent
Packed BCD 108 18 Digits | S| — D,Dys| |p+ by
Short Real 10+38 24Bits | S|E; EqlFq Faa| Fo Implicit
Long Real 10298 | s3gits | S[Eqp  EqFs Fs| Fo Implicit
Temporary Real 10T4932 64 Bits S|E14 Eg|Fo F5§I
Integer: | Real: (-1)5(25B"AS)(FoeFy. . )
Packed BCD: (—1)5(D47. . .Do) Bias=127 for Short Real
1023 for Long Real
16383 for Temp Real
r— —=
INT |—> INTR
BE'SSA 808!
I ic I CLK aoag'/:u 8
L | ROGT
050 aS1 TEST IAPX86 MULTIMASTER
v v 3 | INTERFACE SYSIEM
QS0 Qs1  BUSY COMPONENTS
Crock Ra/GTo
GENERATOR
CLK 1 ck 3087
: 12
} INT 18
| - RQ/GT1 I 5
| ! ¥
- e
! M e 1 2
! I I s
= = o 8089 N-}li
| |
| SR —

Figure 4. NDP System Configuration
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instructions in synchrohization with. the CPU and
without any CPU overhead. Once started the 8087
can process in parallel with and independent of the
host CPU. For resynchronization, the NPX's BUSY
signal informs the CPU that the NPX is executing an
instruction and the CPU WAIT instruction tests this
signal to insure that the NPX is ready to execute
subsequent instructions. The NPX can interrupt the
CPU when it detects an error or exception. The
8087’s interrupt request line is typically routed to
the CPU through an 8259A Programmable Inter-
rupt Controller. (See Figure 2 for 8087 pinout
information.)

The 8087 uses one of the request/grant lines of the
iAPX 86, 88 architecture (typically RQ/GT1) to obtain
control of the local bus for data transfers. The other
request/grant line is available for general system use
(for instance by an 1/O processorin LOCAL mode). A
bus_master can also be connected to the 8087’s
RQ/GTH line. In this configuration the 8087 will pass
the request/grant handshake signals between the
CPU and the attached master when the 8087 is notin
control of the bus and will relinquish the bus to the
master directly when the 8087 is in control. In this
way two additional masters can be configured in an
iAPX 86/20, 88/20 system; one will share the 8086
bus with the 8087 on a first come first served basis,
and the second will be guaranteed to be higher in
priority than the 8087.

As Figure 4 shows, all processors utilize the same
clock generator and system bus interface compo-
nents (bus controller, latches, transceivers and bus
arbiter).

Bus Operation

The 8087 bus structure, operation and timing are
identical to all other processors in the iAPX 86, 88
series (maximum mode configuration). The address
is time multiplexed with the data on the first 16/8
lines of the address/data bus. A16 through A19 are
time multiplexed with four status lines S3-S6. S3, S4
and S6 are always one (high) for 8087 driven bus
cycles while S5 is always zero (low). When the 8087
is monitoring CPU bus cycles (passive mode) S6 is
also monitored by the 8087 to differentiate
8086/8088 activity from that of a local I/O processor
or any other local bus master. (The 8086/8088 must
be the only processor on the local bus to drive S6
low.) 7 is multiplexed with and has the same value
as BHE for all 8087 bus cycles.

The first three status lines, S0-S2, are used with an

8288 bus controller to determine the type of bus

S-94
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cycle being run:
's2 s1 S0

0 X X Unused

1 0 0 Unused

1 0 1 Memory Data Read
1 1 0 Memory Data Write
1 " 1 Passive (no bus

cycle)

Programming Interface

The NDP includes the standard iAPX 86/10, 88/10
instruction set for general data manipulation and
program control. It also includes 68 numeric
instructions for extended precision integer, floating
point, trigonometric, logarithmic, and exponential
functions. Sample execution times for several NDP
functions are shown in Figure 4. Overall iAPX 86/20
system performance is 100 times that of an iIAPX
86/10 class processor for numeric instructions.

Any instruction executed by the NDP is the
combined result of the CPU and NPX activity. The

" CPU and the NPX have specialized functions and

registers providing fast concurrent operation. The
CPU controls overall program execution while the
NPX uses the coprocessor interface to recognize
and perform numeric operations.

Table 2 lists the eight data types the iAPX 86/20,
88/20 supports and presents the format for each
type. Internally, the NPX holds all humbers in the

_temporary real format. Load and store instructions

automatically convert operands represented in
memory as 16-, 32-, or 64-bit integers, 32- or 64-bit
floating -point numbers or 18-digit packed BCD
numbers into temporary real format and vice versa.
The NDP also provides the capability to control
round off, underflow, and overflow errors in-each
calculation.

Computationsin the NPX use the processor’s regis-
ter stack. These eight 80-bit registers provide the
equivalent capacity of 20 32-bit registers. The NPX
register set can be accessed as a stack, with instruc-
tions operating on the top one or two stack ele-
ments, or as a fixed register set, with instructions
operating on explicitly designated registers.

Table 5 lists the 8087’s instructions by class. All ap-
pear as ESCAPE instructions to the host. Assembly
language programs are written in ASM-86, the iAPX
86, 88 assembly language. Table 3 gives the execu-

- tion times of some typical numeric instructions.
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Table 3. Execution Times for Selected iAPX 86/20
Numeric Instructions and Corresponding
iAPX 86/10 Emulation

NUMERIC PROCESSOR
EXTENSION ARCHITECTURE

As shown in Figure 5, the 8087 is internally divided

Approximate Execution into two processing elements, the control unit (CU)
Time (us) and the numeric execution unit (NEU). The NEU
Floating Point ‘ executes all numeric instructions, while the CU
!nstruction iAPX 86/20 iAPX 86/10 receives and decodes instructions, reads and writes
(5 MHz memory operands- and executes NPX control in-
Clock) Emulation structions. The two elements are able to operate
independently of one.another, allowing the CU to
Add/Subtract 17 1,600 maintain synchronization with the CPU while the
M‘:)':;F(’:'iiif:;g'e 19 1600 NEU is busy processing a numeric instruction.
Multiply (extended
precision) 27 2,100 Control Unit
Divide 39 3,200
Compare " 9 1,300 The CU keeps the 8087 operating in synchronization
'§°ad (d°“g'le precision) 10 1,700 with its host CPU. 8087 instructions are intermixed
S;‘Lr:rédggote precision) g; 1;'288 with CPU instructions in a single instruction stream.
Tangent 20 13,000 The .CPp fethchets all |qstru|ctlcgl()s ;Lzongsmem%ry(;, tt;y
Exponentiation 100 17.100 monitoring the status signa s‘( -52,8 ) emitted by
the CPU, the NPX control unit determines when an
[ controtunm T NUMERICEXECUTIONUNT . . ]
| | EXPONENT FRACTION : |
BUS BUS
| | — |
| | conroLworp | X ONENT H |
STATUS WORD
| | INTERFACE ! |
E = 4 YAy
| ~ | A s TN |
NEUINSTRUCTION \ | MICROCODE dad)| ARITHMETIC
| CONTROL €*P| wmoouLE |
l |4 UNIT
-
DATA H BUFFER ‘ 16 % ' I |
| OPERANDS 4 |
QUEUE < »
“Te TEMPORARY
| - I 1w V7| REGISTERS |
| - I
| . m
l ‘ (6) l
T i ®) |
G
l - | w |— REGISTERSTACK — ::: |
o
smaros sl SRRTESERRE | ; ] 3
1
ADDRESS H EXCErTION l :0: : :
L _— - — - _ L _ __ T ~— wars _— |

Figure 5. 8087 Block Diagram
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8086 instruction is being fetched. The CU monitors
the Data bus in parallel with the CPU to obtain in-
structions that pertain to the 8087.

The CU maintains an instruction queue that is identi-
cal to the queue in the host CPU. The CU automatic-
ally determines if the CPU is an 8086 or an 8088
immediately after reset (by monitoring the BHE/ S7
line) and matches its queue length accordingly. By
monitoring the CPU'’s queue status lines (QS0, QS1),
the CU obtains and decodes instructions from the
queue in synchronization with the CPU.

A numeric instruction appears as an ESCAPE in-
struction to the 8086 or 8088 CPU. Both the CPU and
NPX decode and execute the ESCAPE instruction
together. The 8087 only recognizes the numeric in-
structions shown in Table 5. The start of a numeric
operation is accomplished when the CPU executes
the ESCAPE instruction. The instruction may or may
not identify a memory operand.

The CPU does, however, distinguish between ESC
instructions that reference memory and those that
do not. If the instruction refers to a memory operand,
the CPU calculates the operand’s address using any
one of its available addressing modes, and then per-
forms a “dummy read” of the word at that location.
(Any location within the 1M byte address space is
allowed.) This is a normal read cycle except that the
CPU ignores the data it receives. If the ESC instruc-
tion does not contain a memory reference (e.g. an
8087 stack operation), the CPU simply proceeds to
the next instruction.

An 8087 Instruction can have one of three memory
reference options; (1) not reference memory; (2)
load an operand word from memory into the 8087; or
(3) store an operand word from the 8087 into
memory. If no memory reference is required, the
8087 simply executes its instruction. If a memory
reference is required, the CU uses a “dummy read”
cycle initiated by the CPU to capture and save the
address that the CPU places on the bus. If the in-
struction is a load, the CU additionally captures the
data word when it becomes available on the local
data bus. If data required is longer than one word,
the CU immediately obtains the bus from the CPU
using the request/grant protocol and reads the rest
of the information in consecutive bus cycles. In a
store operation, the CU captures and saves the store
address as in a load, and ignores the data word that
follows in the “dummy read” cycle. When the 8087 is
rready to perform the store, the CU obtains the bus
from the CPU and writes the operand starting at the
specified address.

Numeric Execution Unit

The NEU executes all instructions that involve the
register stack; these include arithmetic, logical,
transcendental, constant and data transfer instruc-
tions. The data path in the NEU is 84 bits wide (68
fraction bits, 15 exponent bits and a sign bit) which
allows internal operand transfers to be performed at
very high speeds.

When the NEU begins executing an instruction, it
activates the 8087 BUSY signal. This signal can be
used in conjunction with the CPU WAIT instruction
to resynchronize both processors when the NEU has
completed its current instruction.

Register Set

The iAPX 86/20 register set is shown in Figure 3.
Each of the eight data registers in the 8087’s register
stack is 80 bits wide and is divided into “fields”
corresponding to the NDP’s temporary real data
type.

At a given point in time the TOP field in the control
word identifies the current top-of-stack register. A
“push” operation decrements TOP by 1 and loads a
value into the new top register. A “pop” operation
stores the value from the current top register and
then increments TOP by 1. Like iAPX 86/10, 88/10
stacks in memory, the 8087 register stack grows
“down” toward lower-addressed registers.

Instructions may address the data registers either
implicitly or explicitly. Many instructions operate on
the register at the top of the stack. These instruc-
tions implicitly address the register pointed to by the
TOP. Other instructions allow the programmer to
explicitly specify the register which is to be used.
Explicit register addressing is “top-relative.”

Status Word

The status word shown in Figure 6 reflects the over-
all state of the 8087, it may be stored in memory and
then inspected by CPU code. The status word is a
16-bit register divided into fields as shown in Figure
6. The busy bit (bit 15) indicates whether the NEU is
either executing an instruction or has an interrupt
request-pending (B = 1), or is idle (B = 0). Several
instructions which store and manipulate the status
word are executed exclusively by the CU, and these
do not set the busy bit themselves.
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0
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EXCEPTION FLAGS (1 = EXCEPTION HAS OCCURRED)

INVALID OPERATION
DENORMALIZED OPERAND
ZERO DIVIDE

OVERFLOW

UNDERFLOW

PRECISION

(RESERVED)

INTERRUPT REQUEST!"

CONDITION CODE®
TOP OF STACK POINTER®

@See Table 3 for condition code interpretation.

Top Values:
000 = Register 0 is Top of Stack.
001 = Register 1 is Top of Stack.
.

111 = Register 7 is Top of Stack.

MIRis set if any unmasked exception bit is set, cleared otherwise.

NEU BUSY

Figure 6. 8087 Status Word

The four numeric condition code bits (Co—C3) are
similar to the flags in a CPU: various instructions
update these bits to reflect the outcome of NDP
operations. The effect of these instructions on the
condition code bits is summarized in Table 4.

Bits 14—-12 of the status word point to the 8087 regis-
ter that is the current top-of-stack (TOP) as
described above.

Bit 7 is the interrupt request bit. This bit is set if any
unmasked exception bit is set and cleared other-
wise.

Bits 5-0 are set to indicate that the NEU has
detected an exception while executing an instruc-
tion.

S-97

Tag Word

The tag word marks the content of each register as
shown in Figure 7. The principal function of the tag

-word is to optimize the NDP’s performance. The tag

word can be used, however, to interpret the contents
of 8087 registers.

Instruction and Data Pointers

The instruction and data pointers (see Figure 8) are
provided for user-written error handlers. Whenever
the 8087 executes an NEU instruction, the CU saves
the instruction address, the operand address (if
present) and the instruction opcode. 8087 instruc-
tions can store this data into memory.
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Table 4. Condition Code Interpretation'

Instruction Cs3 C, Cq Co Interpretation
Compare, Test 0 X X 0 A>B

0 X X 1 A<B.

1 X X 0 A=B

1 X X 1 A ? B (not comparable)
Remainder Q 0] Qo Q2 Complete reduction

Qq 1 Qo Q2 Incomplete reduction
Examine 0 0 0 0 Valid, positive, unnormalized

0 0 0 1 Invalid, positive, exponent # 0

0 0 1 0 Valid, negative, unnormalized

0 0 1 1 Invalid, negative, exponent # 0

0 1 0 0 " Valid, positive, normalized

0 1 0 1 Infinity, positive

0 1 1 0 Valid, negative, normalized

0 1 1 1 Infinity, negative

1 0 0 0 Zero, positive

1 0 0 1 Empty

1 0 1 0 Zero, negative

1 o] 1 1 Empty

1 1 0 0 Invalid, positive, exponent=0

1 1 0 1 Empty

1 1 1 0 Invalid, negative, exponent=0

1 1 1 1 Empty

X = value is not affected by instruction.

Q = Cp, C3, Cq hold 3 LSBs of the quotient generated during a remainder operation.

15 o

ITAG m ITAG (6) ITAG (5) | TAG (4) l TAG (s)l TAG (2) l TAG (1ﬂ TAG (o)J
L L 1 1 1 1 -l A

TAG VALUES:
00 = VALID
01 = ZERO
10 = SPECIAL
11 = EMPTY

Figure 7. 8087 Tag Word

INSTRUCTION POINTER (15-0)

INSTRUCTION POINTER |
(19-16)

INSTRUCTION OPCODE (10-0)

DATA POINTER (15-0)

DATA POINTER (19-16) —[ o

S-98 |

Figure 8. 8087 Instruction and Data Pointers
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Control Word

The 8087 provides several processing options which
are selected by loading a word from memory into the
control word. Figure 9 shows the format and encod-
ing of the fields in the control word.

The low order byte of this control word configures
8087 interrupts and exception masking. Bits 5-0 of
the control word contain individual masks for each
of the six exceptions that the 8087 recognizes and
bit 7 contains a general mask bit for all 8087 in-
terrupts. The high order byte of the control word
configures the 8087 operating mode including
precision, rounding, and infinity controls. The preci-
sion control bits (bits 9-8) can be used to set the
8087 internal operating precision at less than the
default of temporary real precision. This can be use-
ful in providing compatibility with earlier generation
arithmetic processors of smaller precision than the
8087. The rounding control bits (bits 11-10) provide
for directed rounding and true chop as well as the
unbiased round to nearest mode specified in the
proposed IEEE standard. Control over closure of the
number space at infinity is also provided (either
affine closure, £, or projective closure, , is treated
as unsigned, may be specified).

Exception Handling

The 8087 detects six different exception conditions
that can occur during instruction execution. Any or
all exceptions will cause an interrupt if unmasked
and interrupts are enabled.

If interrupts are disabled the 8087 will simply con-
tinue execution regardless of whether the host
clears the exception. If a specific exception class is
masked and that exception occurs, however, the
8087 will post the exception in the status register
and perform an on-chip default exception handling
procedure, thereby allowing processing to continue.
The exceptions that the 8087 detects are the
following:

1. INVALID OPERATION: Stack overflow, stack un-
derflow, indeterminate form (0/0, »— , etc.) or
the use of a Non-Number (NAN) as an operand.
An exponent value is reserved and any bit pattern
with this value in the exponent field is termed a
Non-Number and causes this exception. If this
exception is masked, the 8087’s default response
is to generate a specific NAN called INDEFINITE,
or to propagate already existing NANs as the cal-
culation result.

15

0

I XXX l|C|RC|PC|M|
L

XJPMIUMlOMlZMLDM| L] I

EXCEPTION MASKS (1 = EXCEPTION IS MASKED)

INVALID OPERATION
DENORMALIZED OPERAND
ZERO DIVIDE

OVERFLOW

UNDERFLOW

PRECISION
(RESERVED)

INTERRUPT MASK (1 = INTERRUPTS ARE MASKED)

PRECISION CONTROL!"
ROUNDING CONTROL®

INFINITY CONTROL (0 = PROJECTIVE, 1 = AFFINE)

MPprecision Control @Rounding Control

00 = 24 bits 00 = Round to Nearest or Even
01 = Reserved 01 = Round Down (toward - =)
10 = 53 bits 10 = Round Up (toward + )

11 = 64 bits 11 = Chop {truncate toward zero)

( ED)

Figure 9. 8087 Control Word
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. OVERFLOW: The result is too large in magnitude
to fit the specified format. The 8087 will generate
an encoding for infinity if this exception is
masked.

. ZERO DIVISOR: The divisor is zero while the divi-
dend is a non-infinite, non-zero number. Again,
the 8087 will generate an encoding for infinity if
this exception is masked.

. UNDERFLOW: The result is non-zero but too
smallin magnitude to fit in the specified format. If
this exception is masked the 8087 will
denormalize (shift right) the fraction until the ex-
ponent is in range. This process is called gradual
underflow. '

S-100

. DENORMALIZED OPERAND: At least one of the

operands or the result is denormalized; it has the
smallest exponent but a non-zero significand.
Normal processing continues if this exception is
masked off. “

. INEXACT RESULT: If the true result is not exactly
. representable in the specified format, the result

is rounded according to the rounding mode, and
this flag is set. If this exception is masked, pro-
cessing will simply continue.
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ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias ........... 0°C to 70°C
Storage Temperature ................. —65°C to +150°C
Voltage on Any Pin with )

Respectto Ground .................... —-1.0V to +7V
Power Dissipation .............. ... ... 3.0 Watt

*NOTICE: Stresses above those listed under Absolute
Maximum Ratings may cause permanent damage to the
device. This is a stress rating only and functional opera-
tion of the device at these or any other conditions above
those indicated in the operational sections of this
specification is not implied. Exposure to absolute maxi-
mum rating conditions for extended periods may affect
device reliability.

D.C. CHARACTERISTICS (T4 = 0°C to 70°C, Vec =+5V £10%)

Symbol Parameter Min. Max. Units Test Conditions
ViL Input Low Voltage -0.5 +0.8 \"
ViH Input High Voitage 2.0 Vce +0.5 \
VoL Output Low Voltage 0.45 \ loL = 2.0 mA
VoH Output High Voltage 2.4 \" loy = —400 pA
Icc Power Supply Current 475 mA | Ta = 25°C
It Input Leakage Current +10 pA |0V =V|Ny=<Vce
Lo Output Leakage Current +10 uA ] 0.45V < Vout < Vce
VoL Clock Input Low Voltage -0.5 +0.6 \"
VcH Clock Input High Voltage 39 | Vec +1.0 \
CiN Capacitance of Inputs 10 pF fc = 1 MHz
Cio Capacitance of /0 Buffer
(ADO-15, A1g—A1g, BHE, S2-S0, 15 pF [ fc=1MHz
RQ/GT) and CLK
Cout |Capacitance of Outputs
BUSY, INT 10 pF | fc=1MHz
A.C. CHARACTERISTICS (15 = 0°C to 70°C, V¢ = +5V =10%)
TIMING REQUIREMENTS
Symbol Parameter Min. Max. | Units Test Conditions
TCLCL CLK Cycle Period 200 500 ns
TCLCH |CLK Low Time (3 TCLCL) - 15 ns
TCHCL |CLK High Time (Vs TCLCL) + 2 ns
TCH1CH2 | CLK Rise Time 10 ns From 1.0V to 3.5V
TCL2CL1 |CLK Fall Time 10 ns From 3.5V to 1.0V
TDVCL Data In Setup Time 30 ns
TCLDX Data In Hold Time 10 ns
TRYHCH |READY Setup Time (3 TCLCL) - 15 ns
TCHRYX |READY Hold Time 30 ns
TRYLCL |READY Inactive to CLK (See Note 3) -8 ns
TGVCH |RQ/GT Setup Time 30 ns
TCHGX |RQ/GT Hold Time 40 ns
TQVCL QS0-1 Setup Time 30 ns
TCLQX |QS0-1 Hold Time 10 ns
TSACH Status Active Setup Time 30 ns
TSNCL Status Inactive Setup Time 30 ns
TILIH Input Rise Time (Except CLK) 20 ns From 0.8V to 2.0V
TIHIL Input Fall Time (Except CLK) 12 ns From 2.0V to 0.8V
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A.C. CHARACTERISTICS (Continued)
TIMING RESPONSES

Symbol : Parameter : Min. Max. | Units Test Conditions
TCLML [Command Active Delay (See Note 1) 10 35 ns '
TCLMH |Command Inactive Delay (See Note 1) ) 10 35 ns
TRYHSH [Ready Active to Status Passive (See Note 2) 110 ns
TCHSV Status Active Delay 10 110 ns
TCLSH Status Inactive Delay 10 130 [ ns
TCLAV Address Valid Delay 10 110 ns
TCLAX Address Hold Time E 10 ns
TCLAZ  |Address Float Delay TCLAX 80 ns
TSVLH Status Valid to ALE High (See Note 1) 15 ns
TCLLH CLK Low to ALE Valid (See Note 1) 15 ns
TCHLL ALE Inactive Delay (See Note 1) 15 ns (G = 20-100 pF for all
TCLDV  |Data Valid Delay : 10 110 ns- |8087 Outputs (in additidn
TCHDX |Data Hold Time 10 ns |to 8087 self-load)
TCVNV - . |Control Active Delay (See Note 1) 5 45 ns
TCVNX  |Control Inactive Delay (See Note 1) 10 45 ns
TCHBV BUSY and INT Valid Delay 10 150 ns
TCHDTL |Direction Control Active Delay (See Note 1) 50 ns
TCHDTH |Direction Control Inactive Delay (See Note 1) - 30 ns
{ TCLGL RQ/GT Active Delay 0 85 ns |Cp = 40 pF (in
TCLGH RQ/GT Inactive Delay -0 85 ns ‘|addition to 8087 self-load)
TOLOH Output Rise Time - 20 ns |[From 0.8V to 2.0V
TOHOL |Output Fall Time = 12 ns |From 2.0V to 0.8V
NOTES:

1. Signal at 8284A or 8288 shown for reference only.
2. Applies only to T3 and wait states.
3. Applies only to T, state (8 ns into T3).

‘ A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT
INPUT/OUTPUT
24
DEVICE
UNDER
C_ = 100 pF

1.5 «——TEST POINTS —>» 1.5 TEST ’ l
0.45

A.C.TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC 1" AND 0.45V FOR
ALOGIC"0.” THE CLOCK IS DRIVEN AT 4.3V AND 0.25V. TIMING MEASURE-
MENTS ARE MADE AT 1.5V FOR BOTH A LOGIC “1" AND 0. G, INGLUDES JIG GAPAGITANCE
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WAVEFORMS

MASTER MODE

NOTES:

PN O AL N

ALL SIGNALS SWITCH BETWEEN Vg AND Vi UNLESS OTHERWISE SPECIFIED.
READY IS SAMPLED NEAR THE END OF T, T3 AND Tyy TO DETERMINE IF Tyy MACHINE STATES ARE TO BE INSERTED.
THE LOCAL BUS FLOATS ONLY IF THE 8087 IS RETURNING CONTROLTO THE 8086/8088.
ALE RISES AT LATER OF (TSVLH, TCLLH).

STATUS INACTIVE IN STATE JUST PRIORTO T4.
SIGNALS AT 8284A OR 8288 ARE SHOWN FOR REFERENCE ONLY.
THE ISSUANCE OF 8288 COMMAND AND CONTROL SIGNALS (MRDC, MWTC, AMWC AND DEN) LAGS THE ACTIVE HIGH 8288 CEN.
ALLTIMING MEASUREMENTS ARE MADE AT 1.5V UNLESS OTHERWISE NOTED.

T T, T T,
TCHICH2 —»{ [« -»{ [«—TCL2CL1
F— TCLC;q W
VCH 9-\
cLK
veu ]’ \ / N 7 N/
f TCHSV TCHCL e TCLSH
T = \
$,,8,:S, !R ‘//// //(SEE NOTE 5)(
TeLAvh TCLAX—> & ]
BHE/S,, A,y/S¢=A,/S, BHE, A, Ay S,-S,
TSVLH-» )
T
TCLLH ~»| CHLL
ALE (8288 OUTPUT)
(SEE NOTES 4, 6) . K
TRYLCL 1| f—
—
READY (8087 INPUT) > 4— TCHRYX
(SEE NOTE 2) TRYHSH |-
_,_/ .
— — TRYHCH l=—
READ CYCLE Terav > TeLAZ TOVCL TCLDX
AD,-AD, As—A, DATAIN {
FLOAT FLOAT \__
TCHDTL -»| TCHDTH —»|
DT/R
TCLML~—> TCLMH—> \
8288 OUTPUTS MRDG
(SEE NOTES 6,7) ) MRDC
TCVNV—>|
DEN
TCVNX—>|
WRITE CYCLE TeLav TcLov 1 > j«—Tonnx
AD,,-AD Ag- DATA OUT
15’ o 15=Ag U ﬁ
TCVNV —>| TCVNX (SEE NOTE 3)
DEN
TCLML—>] TCLMH
8288 OUTPUTS S
(SEE NOTES 6,7) < AMWTC
TCLML TCLMH
MWTC
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WAVEFORMS (Continued)

PASSIVE MODE T, T, A T,

CLK /1‘\ ir\ / 9\ ¥ X ﬂ
Taved} JrcLax
Qs,,as, ’ j X x x

TSACH TSNCL —>|
- _————-
5,5,5, \‘ ){l R
- -
|_TovcL [TcLbx _ TovcL | TcLbx
Eo= FLOAT
BHE/S,,A,/S,-A,,/S, BHE, A,,-A, s7:s3 4/_‘
Tovet TCLDX 'rnvcl.l;; TCLDX
FLOAT FLOAT
AD-AD, * A=A, { | patain ’—C
" TRYLCL [—
READY
o7 — TCHRYX
INPUT)

— TCHRYX

TRYHCH |<—

RESET TIMING

=50

-
Vee / ' «——————— =20 CLK CYCLES

=8 CLK CYCLES
cLK ‘ 5,;
le—

TCLDX

TDVCL
RESET ' —-}_4 \——
8087 READY TO

8087 TRACKS
>4 CLK CYCLES CPU ACTIVITY EXECUTE INSTRUCTIONS

REQUEST/GRANT, TIMING

>1CLK >0 CLK ANY CLK >1CLK
CYCLE ™| cYCLE—>=—cycLE—|*—cvCLE
o / /" \_
| |
TCLGL TOVCH ) )
RG/GTO / 087 &

AD,;-AD, TCLAZ
A"/s|-A‘S/53 5
5% cPu 8087 cPu
$,,5,,S, — e
BHE/S7

NOTE: THE CPU PROVIDES ACTIVE PULLUP OF RQ/GTO, SEE TCLGH SPEC.
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WAVEFORMS (Continued)

REQUEST/GRANT; TIMING

ANY CLK >0CLK >1CLK
CYCLE CYCLE >

cLK \
TGVCH
>TCLCL ave, TCLGL TGVCH-> TCHGX
o TCHGX s —
RQ/GTI 7 8087 GF )FRELEASEH
TCLAZ

AD,-AD, [ 5 G
As/Se=Ri/S, 8087 ALTERNATE MASTER 8087
§.5,5, 5 S —
BHE/S7 (SEE NOTE)

NOTE: ALTERNATE MASTER MAY NOT DRIVE THE BUSES OUTSIDE OF THE REGION
SHOWN WITHOUT RISKING BUS CONTENTION.

BUSY AND INTERRUPT TIMING

ax T\ \

BUSY, INT

TCHBV («—>| 1

S-105 AFN-01820C



intel

iAPX 86/20, 88/20

PRELIMINARY

Table 5. 8087 Extensions to the 8086/8088 Instruction Set "~

Data Transfer

FLD = LOAD

Integer/Real Memory to ST(0)
Long Integer Memory to ST(0)
Temporary Real Memory to ST(0)
BCD Memory to ST(0)

ST(i) to ST(0)

FST = STORE
ST(0) to Integer/Real Memory
ST(0) to ST(i)

FSTP = STORE AND POP

ST(0) to Integer/Real Memory
ST(0) to Long Integer Memory
ST(0) to Temporary Real Memory
ST(0) to BCD Memory

ST(0) to ST(i)

FXCH = Exchange ST(i) and ST(0)

Comparison

FCOM = Compare
Integer/Real Memory to ST(0)
ST(i) to ST(0)

FCOMP = Compare and Pop
Integer/Real Membw to ST(0)
ST(i) to ST(0)

FCOMPP = Compare ST(1) to ST(0)
and Pop Twice
FTST = Test ST(0)

FXAM = Examiné ST(0)

7654321076543 210765 4321076543210

[__Escape MF_1] MOD 0 0 0 R/M ] (DISP-LO) ] (DISP-HI) ]
|__Escape i1 1] Mob 1 0 1 RM | (DISP-LO) I (DISP-HI) ]
- [Escare 0 1 1] MOD 1 0 1 RM | -(DISP-LO) I (DISP-HI) ]
| Escape 11 1] MOD 1 0 0 RM | (DISP-LO) T (DISP-HI) ]
|___ESCAPE 0 0 1[-1 1 0 0 0 ST() |
[_ESCAPE MF 1] MOD 0 1 0 RM | (Dlsé-LO) | (DISP-HI) ]
[_Escape 10 1] 1 106 1 0 sT() |
| _Escape MF 1] MOD 0 1 1 RM [ (DISP-LO) | (DISP-HI) ]
[__EscaPE 11 1] MOD 1 1 1 RM ] (DISP-LO) I (DISP-HI) ]
[_ESCAPE 0 1 1] MOD 1.1 1 RM | (DISP-LO) | . (DISP-HI) ]
[__ESCAPE 1 1 1] MOD 1 1 0 RM | (DISP-LO) | (DISP-HI .. ]
[ Escape 10 1] 1 1 0 1 1 sTi) |
[_Escape 0 0 1] 1 1 00 1 ST(i) |
[ escape MF_0] . MOD 0 1 0 RM | (DISP-LO) T (DISP-HI) HE
[_Escare 0 0 0] 1 1 0 1 0 ST() |
[ _EscapPe MF_ 0] MOD 0 1 1 RM | (DISP-LO) T (DISP-HI) ]
[ Escape 0 0 0] 1 1 0 1 1 sT()|

ESCAPE 11 011 01 10 0 1]
|__Escape 0 111 1001 0 0]
[_Escape 0 1]1 11 001 0 1

Mnemonics © Intel 1980
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Table 5. 8087 Extensions to the 8086/8088 Instruction Set (Continued)

Arithmetic 765432107¢605432107654321076543210
FADD = Addition

Integer/Real Memory with ST(0) [ ESCAPE MF_o[MOD 0 0 0 RM | (DISP-LO) | (DISP-HI) ]
ST(i) and ST(0) [_Eescare d P 0J1 1 0 0 0 ST() ]

FSUB = Subtraction
Integer/Real Memory with ST(0) ESCAPE MF_0[MOD 1 0 R RM [ (DISP-LO) 1 (DISP-HI) |
ST(i) and ST(0) [___EscaPe d P OJ1 1 1 0R RM |

FMUL = Multiplication

Integer/Real Memory with ST(0) [ ESCAPE MF_0]MOD 0 0 1 R/M | (DISP-LO) ] (DISP-HI)
ST(i) and ST(0) [ Eescare d P O0Jt 1001 RM ]
FDIV = Division

Integer/Real Memory with ST() | ESCAPE MF_0[MOD 1 1 R RM | (DISP-LO) (DISP-HI) ]
ST(i) and ST(0) ESCAPE d P 0oJt 1 1 1 R RM
FSQRT = Square Root of ST(0) [ ESCAPE 0 0 1J1 1 1 1101 0]
FSCALE = Scale ST(0) by ST(1) | ESCAPE 00 1[1 111110 1]
FPREM = Partial of

ST(0) + ST(1) [_EScAPE 0 0 1]1 1 1 1 100 0]
FRNDINT = Round ST(0)

1o Integer [___Escape 0 0 1]t 1 1 11 10 0]
FXTRACT = Extract Components

of ST(0) [ Escape 0 0 1]1 11 101 0 0]
FABS = Absolute Value of ST(0) [ ESCAPE 0 0 1]1 1 1000 0 1]
FCHS = Change Sign of ST(0) I ESCAPE 0 0 1 l 111 000 00 l
Transcendental
FPTAN = Partial Tangent of ST(0) | ___ESCAPE 0 0 11 1 1 1 0 0 1 0]
FPATAN = Partial of

ST(0) + ST(1) | Escare 0 0 1]1 11100 1 1]
F2xM1 = 2 ST(0) [_Escapre 0 0 1]1 1 1 1 0.0 0 0]
FYL2X = ST(1) - Logy [ST(0)] [ ESCAPE 0 0 1[1 11 1 00 0 1]
FYL2XP1 = ST(1) - Logy [ST(0) + 1] | ESCAPE 0 0 1J1 1.1 1 100 1]
Constants
FLDZ = LOAD + 0.0 into ST(0) | Escape 00 1]1 1 101 11 0]
FLD1 = LOAD + 1.0 into ST(0) [ Escapre 0 0 1][1 1 10100 0]
FLDPI = LOAD = into ST(0) [ ESCAPE 0 0 1 [1 11010 1 1 |
FLDL2T = LOAD log, 10 into ST(0) [ ESCAPE 0 0 1[1 1 1 0 1 0 0 1]
FLDL2E = LOAD logp e into ST(0) |  ESCAPE 0 0 1J1 1 10 10 1 0]
FLDLG2 = LOAD log 4 2 into ST(0) ESCAPE 0 0 1[1 1 1 0 1 1 0 0]
FLDLN2 = LOAD loge 2 into ST(0) ESCAPE 0 0 11 1 1 0 1 10 1]

Mnemonics © Intel 1980
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Table 5. 8087 Extensions to the 8086/8088 Instruction Set (Continued)

76 543210 76 5432107 65432107 63543210
Processor Control ]
FINIT = Initialize NDP [_Eescape o 1 11 1 100 0 1 1]
FENI = Enable Interrupts l ESCAPE 0 1 1 ]T i 1.0 0 00 OI
FDISI = Disable Interrupts r ESCAPE 0 1 1F 1 1 0 0 00 1|
FLDCW = Load Control Word [ Escape 0 0 1 [MOD 1 0 1 RM [ (DISP-LO) | (DISP-HI) |
FSTCW = Store Control Word [ ESCAPE 0 0 1 [MOD 1 1 1 .RM | (DISP-LO) | (DISP-HI) |
FSTSW = Store Status Word [ Escape 10 1 [mMoD 1 1 1 RM | (DISP-LO) | (DISP-HI) ]
FCLEX = Clear Exceptions [ EscaPE 0 1 1[1 1 1000 1 0]
FSTENV = Store Environment [ Escape 0 0 1 [MOD 1 1 0 RM | (DISP-LO) | (DISP-HI) ]
FLDENV = Load Environment | ESCAPE 0 0 1 [MOD 1 0 0 RM | (DISP-LO) | (DISP-HI) |
FSAVE = Save State [ Escape 10 1 [mMoD 1 1 0 RmM ] (DISP-LO) | (DISP-HI) ]
FRSTOR = Restore State |__ESCAPE 1.0 1 [MOD 1 0 0 RM [ (DISP-LO) | (DISP-HI) |
FINCSTP = Increment Stack Pointer | ESCAPE 0 0 11 1 110 1 1 1]
FDECSTP = Decrement Stack Pointer [ ESCAPE 0 0 11 1 1101 10]
FFREE = Free ST(i) ‘[_Escare 10 1 J1 1 0 0 0 -sTi) |
FNOP = No Operation [ ESCAPE 0 0 11 1 01000 0]
FWAIT = CPU Wait for NDP [1 o001 1701 1]

FOOTNOTES:

if mod = 00 then DISP=0*, disp-low and disp-high are absent

if mod=01 then DISP=disp-low sign-extended to 16-bits,
disp-high is absent

if mod =10 then DISP = disp-high; disp-low

if mod =11 then r/m is treated as an ST(i) field

if r/m =000 then EA = (BX) + (Sl) +DISP

if r/m =001 then EA = (BX) +(DI) +DISP

if /m=010 then EA = (BP) +(SI) +DISP

if /m=011 then EA= (BP) + (DI) +DISP

if /m =100 then EA=(SI) +DISP

if /m=101 then EA=(DI) +DISP

if /m =110 then EA = (BP) + DISP*

if r/m =111 then EA = (BX) + DISP

*except if mod = 000 and r/m =110 then EA = disp-high: disp-low.
MF = Memory Format

00 — 32-bit Real

01 — 32-bit Integer
10 — 64-bit Real

11 — 16-bit Integer

Mnemonics © Intel 1980

S-108

ST(0)= Current stack top
ST(i)= ith register below stack top
d= Destination
0 — Destination is ST(0)
1 — Destination is ST(i)
P= Pop
- 0 — No pop
1 — Pop ST(0)
R= Reverse: When d = 1 reverse the sense of R.
0 — Destination (op) Source
1 — Source (op) Destination
For FSQRT: -0 < ST(0) < +w°
For FSCALE: —215 < ST(1) < +27'% and ST(1) integer

For F2XM1:
For FYL2X:

0<ST(0) < 2!
0.<ST(0) <=

—0 < ST(1) <+

0= IST(0)l < (2 =/2)/2
~© < ST(1) < =

0 =ST(0) < n/4

0 < ST(0)< ST(1) < +

For FYL2XP1:

For FPTAN:
For FPATAN:
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~ APPENDIX A
MACHINE INSTRUCTION ENCODING
AND DECODING

8087 machine instructions assume one of five
different forms as shown in table A-1. In all
cases, the instructions are at least two bytes long
and begin with the bit pattern 11011B, which
identifies the escape class of instructions. Instruc-
tions which reference memory operands are
encoded much like similar CPU instructions,
since the CPU must calculate the operands effec-
tive address from the information contained in
the instruction. Section 4.2 discusses this

encoding scheme in more detail, and in particular,
shows how each memory addressing mode is
encoded.

Note that all instructions (except those coded with
a ‘‘no-wait’’ mnemonic) are preceded by an
assembler-generated CPU WAIT instruction
(encoding: 10011011B). Segment override
prefixes may also precede 8087 instructions in the
instruction stream.

Table A-1. Instruction Encoding

Lower-addressed Byte Higher-addressed Byte 0,1, o:rzjbytes
o 1 1 0 1 1 OP-A | 1 MOD | 1 OP-B R/M DISPLA:CECrMENT
@ 11 0 1 1 FORMATOP—/I\ MOD OP-B R/M DISPLAJ(EI%MENT
Ty 1 0 1 1|R[P|orat]+ OP-B REG v
T 1 0 1 a]olola ][]+ op
“Te 1 0 1 a]ofa ][] ] oP
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

(MMemory transfers, including applicable processor control instructions; 0, 1, or 2 displacement bytes may

follow.

@Memory arithmetic and comparison instructions; 0, 1, or 2 displacement bytes may follow.

@)Stack arithmetic and comparison instructions.

“)Constant, transcendental, some arithmetic instructions.

®)Processor control instructions that do not reference memory.

OP, OP-A, OP-B: Instruction opcode, possibly splitinto two fields.

MOD: Same as CPU mode field; see table 4-8.

R/M: Sames as CPU register/memory field; see table 4-10.
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MACHINE INSTRUCTION ENCODING AND DECODING

Table A-1. Instruction Encoding (Cont’d.)

FORMAT: Defines memory operand
00 = shortreal
01 =shortinteger
10 =long real
11 =word integer

R: 0=return result to stack top
1 =return result to other register

P: 0=do not pop stack
1= pop stack after operation

REG: register stack element
000 = stack top
001 = next on stack
010 = third stack element, etc.

Table A-2 lists all 8087 machine instructions in the data bus. Users writing exception handlers
binary sequence. This table may be used to may also find this information useful to identify
““disassemble’ instructions in unformatted the offending instruction.

memory dumps or instructions monitored from

Table A-2. Machine Instruction Decoding Guide

1st Byte ' ASM-86 Instruction
2nd Byte Bytes 3, 4
Hex [ Binary y y Format

D8 | 1101 1000 | MODOO OR/M | (disp-lo),(disp-hi) | FADD short-real
D8 | 1101 1000 | MODO0 1R/M | (disp-lo),(disp-hi) | FMUL short-real
D8 | 1101 1000 | MODO1 OR/M | (disp-lo),(disp-hi) | FCOM short-real
D8 | 1101 1000 | MODO1 1R/M | (disp-lo),(disp-hi) | FCOMP .  short-real
D8 | 1101 1000 | MOD10 OR/M | (disp-lo),(disp-hi) | FSUB short-real
D8 | 1101 1000 | MOD10 1R/M | (disp-lo),(disp-hi) | FSUBR short-real

D8 | 1101 1000 | MOD11 OR/M | (disp-lo),(disp-hi) | FDIV short-real
D8 | 1101 1000 | MOD11 1R/M | (disp-lo),(disp-hi) | FDIVR short-real
D8 | 1101 1000 | 1100 OREG FADD ST,ST(i)
D8 | 1101 1000 | 1100 1REG FMUL ST,ST(i)
D8 | 1101 1000 | 1101 OREG . FCOM ST(i)

D8 | 1101 1000 | 1101 1REG ’ FCOMP ST(i)

D8 | 1101 1000 | 1110 OREG FSUB -  ST,ST(i)
D8 | 1101 1000 | 1110 1REG FSUBR - ST,ST(i)
D8 | 1101 1000 | 1111 O0REG ) FDIV ST,ST(i)
D8 | 1101 1000 | 1111 1REG . FDIVR ST,ST(i)
D9 | 1101 1001 | MOD00 OR/M | (disp-lo),(disp-hi) | FLD . .short-real
D9 | 1101 1001 | MODO0 1R/M reserved

D9 | 1101 1001 | MODO1 OR/M | (disp-lo),(disp-hi) | FST short-real
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MACHINE INSTRUCTION ENCODING AND DECODING

Table A-2. Machine Instruction Decoding Guide (Cont’d.)

1st Byte ASM-86 Instruction

Hox Binary 2nd Byte Bytes 3,4 Format

D9 | 1101 1001 | MODO1 1R/M | (disp-lo),(disp-hi) | FSTP short-real
D9 | 1101 1001 | MOD10 OR/M | (disp-lo),(disp-hi) | FLDENV  14-bytes
D9 | 1101 1001 { MOD10 1R/M | (disp-lo),(disp-hi) | FLDCW 2-bytes

D9 | 1101 1001 | MOD11 OR/M | (disp-lo),(disp-hi) | FSTENV  14-bytes
D9 1101 1001 | MOD11 1R/M | (disp-lo);(disp-hi) | FSTCW 2-bytes

D9 | 1101 1001 | 1100 OREG FLD ST(i)

D9 | 1101 1001 | 1100 1REG FXCH ST(i)

D9 | 1101 1001 | 1101 0000 FNOP

D9 | 1101 1001 | 1101 -0001 reserved

D9 | 1101 1001 | 1101 001- reserved

D9 | 1101 1001 | 1101 01-- reserved

D9 | 1101 1001 | 1101 1REG *(1)

D9 | 1101 1001 | 1110 0000 FCHS
- D9 | 1101 1001 | 1110 0001 FABS

D9 | 1101 1001 | 1110 001~ reserved

D9 | 1101 1001 | 1110 0100 FTST

DY | 1101 1001 | 1110 0101 FXAM

D9 | 1101 1001 | 1110 011= reserved

D9 | 1101 1001 | 1110 1000 FLD1

D9 | 1101 1001 | 1110 1001 FLDL2T

D9 | 1101 1001 | 1110 1010 FLDL2E

D9 | 1101 1001 | 1110 1011 FLDPI

D9 | 1101 1001 | 1110 1100 FLDLG2

D9 | 1101 1001 | 1110 1101 FLDLN2

D9 | 1101 1001 | 1110 1110 FLDZ

D9 | 1101 1001 | 1110 1111 reserved

D9 | 1101 1001 | 1111 0000 F2xXM1

D9 1101 1001 | 1111 0001 FYL2X

D9 | 1101 1001 | 1111 0010 FPTAN

D9 | 1101 1001 | 1111 0011 FPATAN

D9 | 1101 1001 | 1111 0100 FXTRACT

D9 | 1101 1001 | 1111 0101 reserved

D9 | 1101 1001 | 1111 0110 FDECSTP

D9 | 1101 1001 | 1111 0111 FINCSTP

D9 | 1101 1001 | 1111 1000 FPREM

D9 | 1101 1001 | 1111 1001 FYL2XP1

D9 | 1101 1001 | 1111 1010 FSQRT

D9 | 1101 1001 | 1111 1011 reserved

D9 1101 1001 | 1111 1100 FRNDINT

D9 | 1101 1001 | 1111 1101 FSCALE

D9 | 1101 1001 | 1111 111- reserved

DA | 1101 1010 | MOD00 OR/M | (disp-lo),(disp-hi) | FIADD short-integer
DA | 1101 1010 | MOD00 1R/M | (disp-lo),(disp-hi) | FIMUL short-integer
DA | 1101 1010 | MOD01 OR/M | (disp-lo),(disp-hi) | FICOM short-integer
DA | 1101 1010 | MODO01 1R/M | (disp-lo),(disp-hi) | FICOMP  short-integer
DA | 1101 1010 | MOD10 OR/M | (disp-lo),(disp-hi) | FISUB short-integer
DA | 1101 1010 | MOD10 1R/M | (disp-lo),(disp-hi) | FISUBR  short-integer
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MACHINE INSTRUCTION ENCODING AND DECODING

Table A-2. Machine Instruction Decoding Guide (Cont’d.)

* 1st Byte ASM-86 Instruction
o Binary 2nd Byte Bytes 3,4 Format
DA | 1101 1010 | MOD11 OR/M | (disp-lo),(disp-hi) | FIDIV short-integer
DA | 1101 1010 { MOD11 1R/M | (disp-lo),(disp-hi) | FIDIVR short-integer
DA | 1101 1010 | 11-- — . reserved
DB | 1101 1011 | MOD0O0 OR/M | (disp-lo),(disp-hi) | FILD short-integer
DB.| 1101 1011 | MOD00 1R/M | (disp-lo),(disp-hi) | reserved
DB | 1101 1011 | MOD0O1 OR/M | (disp-lo),(disp-hi) | FIST short-integer
DB | 1101 1011 | MOD0O1 1R/M | (disp-lo),(disp-hi) | FISTP short-integer
DB { 1101 1011 | MOD10 OR/M | (disp-lo),(disp-hi) | reserved .
DB | 1101 1011 | MOD10 1R/M | (disp-lo),(disp-hi) | FLD. temp-real
DB | 1101 1011 | MOD11 OR/M | (disp-lo),(disp-hi) | reserved
DB | 1101 1011 | MOD11 1R/M | (disp-lo),(disp-hi) | FSTP temp-real
DB | 1101 1011 | 110- _— reserved
DB | 1101 1011 | 1110 - 0000 FENI
DB | 1101 1011 | 1110 0001 FDISI
DB | 1101 1011 | 1110 0010 FCLEX
DB | 1101 1011 | 1110 0011 FINIT
DB | 1101 1011 | 1110 01-- reserved
DB | 1101 1011 | 1110 - reserved
DB | 1101 1011 | 1111 — reserved
DC | 1101 1100 | MODO00 . OR/M | (disp-lo),(disp-hi) | FADD long-real
DC | 1101 1100 | MOD00 1R/M | (disp-lo),(disp-hi) | FMUL long-real
DC | 1101 1100 | MODO1 OR/M | (disp-lo),(disp-hi) | FCOM long-real
DC | 1101 1100 | MOD01 1R/M |{ (disp-lo),(disp-hi) | FCOMP long-real
DC | 1101 1100 | MOD10 OR/M | (disp-lo),(disp-hi) | FSUB long-real
DC | 1101 1100 | MOD10 1R/M | (disp-lo),(disp-hi) | FSUBR long-real
DC | 1101 1100 | MOD11 OR/M | (disp-lo),(disp-hi) | FDIV long-real
DC | 1101 1100 | MOD11 1R/M | (disp-lo),(disp-hi) | FDIVR long-real
DC | 1101 1100 | 1100 OREG FADD - ST(i),ST
DC | 1101 1100 | 1100 1REG FMUL ST(i),ST
DC | 1101 1100 | 1101 OREG *(2)
DC | 1101 1100 | 1101 1REG *(3)
DC | 1101 1100 | 1110 ~ OREG FSUB ST(i),ST
DC | 1101 1100 | 1110 1REG FSUBR ST(i),ST
DC | 1101 1100 | 1111 OREG FDIV ST(i),ST
DC | 1101 1100 | 1111 1REG FDIVR ST(i),ST
DD | 1101 1101 | MOD00 OR/M | (disp-lo),(disp-hi) | FLD long-real
DD | 11011101 | MOD00 1R/M : reserved
DD | 1101 1101 | MODO1 OR/M | (disp-lo),(disp-hi) | FST long-real
DD | 1101 1101 | MODO1 1R/M | (disp-lo),(disp-hi) | FSTP long-real
DD | 1101 1101 | MOD10 OR/M | (disp-lo),(disp-hi) | FRSTOR 94-bytes
DD | 1101 1101 | MOD10 1R/M | (disp-lo),(disp-hi) | reserved
DD | 1101 1101 | MOD11 OR/M | (disp-lo),(disp-hi) | FSAVE 94-bytes
DD | 1101 1101 | MOD11 1R/M | (disp-lo),(disp-hi) | FSTSW 2-bytes
DD | 1101 1101 | 1100 OREG FFREE ST(i)
DD | 1101 1101 | 1100 1REG *(4)
DD | 1101 1101 | 1101 OREG FST ST(i)
DD | 1101 1101 | 1101 1REG FSTP ST(i)
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MACHINE INSTRUCTION ENCODING AND DECODING

Table A-2. Machine Instruction Decoding Guide (Cont’d.)

1st Byte ASM-86 Instruction
2nd Byte Bytes 3,4
Hex Binary y y Format

DD | 1101 1101 | 111- -—— | reserved

DE | 1101 1110 [ MOD00 OR/M | (disp-lo),(disp-hi) | FIADD word-integer
DE | 1101 1110 [ MOD00 1R/M | (disp-lo),(disp-hi) | FIMUL word-integer
DE | 1101 1110 { MODO1 OR/M | (disp-lo),(disp-hi) | FICOM word-integer
DE | 1101 1110 | MODO01 1R/M | (disp-lo),(disp-hi) | FICOMP  word-integer
DE | 1101 1110 [ MOD10 OR/M | (disp-lo),(disp-hi) | FISUB word-integer
DE | 1101 1110 | MOD10 1R/M | (disp-lo),(disp-hi) | FISUBR  word-integer
DE { 1101 1110 | MOD11 0R/M | (disp-lo),(disp-hi) | FIDIV word-integer
DE | 1101 1110 { MOD11 1R/M | (disp-lo),(disp-hi) | FIDIVR word-integer

DE | 1101 1110 | 1100 O0REG FADDP ST(i),ST

DE | 1101 1110 { 1100 1REG FMULP ST(i),ST

DE | 1101 1110 | 1101 0--—- *(5) -

DE | 1101 1110 | 1101 1000 reserved

DE | 1101 1110 | 1101 1001 ‘ FCOMPP

DE | 1101 1110 | 1101 101- reserved

DE | 1101 1110 | 1101 11-- reserved ‘

DE | 1101 1110 | 1110 OREG FSUBP ST(i),ST

DE | 1101 1110 | 1110 1REG FSUBRP  ST(i),ST

DE | 1101 1110 | 1111 OREG FDIVP ST(i),ST

DE | 1101 1110 | 1111 1REG FDIVRP  ST(i),ST

DF | 1101 1111 | MOD00 OR/M | (disp-lo),(disp-hi) | FILD word-integer
DF | 1101 1111 | MOD00 1R/M | (disp-lo),(disp-hi) | reserved )
DF | 1101 1111 | MODO1 OR/M | (disp-lo),(disp-hi) | FIST word-integer

DF | 1101 1111 | MOD01 1R/M | (disp-lo),(disp-hi) | FISTP word-integer
DF | 1101 1111 | MOD10 OR/M | (disp-lo),(disp-hi) | FBLD packed-decimal
DF | 1101 1111 | MOD10 1R/M | (disp-lo),(disp-hi) | FILD long-integer
DF | 1101 1111 | MOD11 OR/M | (disp-lo),(disp-hi) | FBSTP packed-decimal
DF | 1101 1111 | MOD11 1R/M | (disp-lo),(disp-hi) | FISTP long-integer

DF | 1101 1111 | 1100 OREG -1 *(6)
DF | 1101 1111 | 1100  1REG 1
DF | 1101 1111 | 1101 OREG *(8)
DF | 1101 1111 | 1101 1REG *(9)
DF | 1101 1111 | 111- -—— reserved

* The marked encodings are not generated by the Ianguagé translators. If, however, the 8087
encounters one one these encodings in the instruction stream, it will execute it as follows:

(1) FSTP ST(i)

(2) FCOM ST(i)

(3) FCOMP ST(i)

(4) FXCH ST(i)

(5) FCOMP ST(i)

(6) FFREE ST(i) and pop stack
(7) FXCH ST(i)

(8) FSTP ST(i)

(9) FSTP ST(i)

i |
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3085 Bowers Avenue

Santa Clara, California 85051
Tel: (408) 987-8080

TWX: 910-338-0026
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ALABAMA
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303 Williams Avenue, S.W.
Suite 1422

Huntaville 35801

Tel: (205) 533-8353

ARIZONA

Intel Corp.

10210 N. 25th Avenue, Suite 11
Phoenix 85021
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CALIFORNIA

Intel Corp.
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Suite 135
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Tel: (714) 268-3563
Intel Corp.*
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TWX: 910-339-9279
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Suite 202
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Suite 4B
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Tel: (408) 946-8885

Mac-|
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Santa Monica 90409
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Woodland Hills 91364
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Suite 720

Denver 80222
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Danbury 06810
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Suite 204
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Intel Corp.
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TWX: 910-989-1157
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Intel Corp.*
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Intel Corp.
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NORTH CAROLINA

Intel Corp.

2306 W. Meadowview Rd.
Suite 208

Greensboro 27407

Tel: (919) 294-1541
OHIO

Intel Corp.*

6500 Poe Avenue

Dayton 45414

Tel: (513) 890-5350
TWX: 810-450-2528

Intel Corp.*
Chagrin-Brainard Bldg., No. 300
28001 Chagrin Blvd.
Cleveland 44122

Tel: (216) 464-2736
TWX: 810-427-9298

OREGON

Intel Corp. :
10700 S.W. Beaverton
Hillsdale Highway
Suite 324

Beaverton 97005

Tel: (503) 641-8086
TWX: 910-467-8741

PENNSYLVANIA

Intel Corp.*

510 Pennsylvania Avenue
Fort Washington 19034
Tel: (215) 641-1000
TWX: 510-661-2077

Intel Corp.*

201 Penn Center Boulevard
Suite 301W

Pittsburgh 15235

Tel: (412) 823-4970
Q.E.D. Electronics

300 N. York Road
Hatboro 19040

Tel: (215) 674-9600
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TEXAS

Intel Corp.*

2925 L.B.J. Freeway
Suite 175

Dallas 75234

Tel: (214) 241-9521
TWX: 910-860-5617
Intel Corp.*

8420 Richmond Ave.
Suite 280

Houston 77057

Tel: (713) 784-3400
TWX: 910-881-2490
Industrial Digital Systems Corp.
5925 Sovereign

Suite 101

Houston 77036

Tel: (713) 988-9421
Intel Corp.

313 E. Anderson Lane
Suite 314

Austin 78752

Tel: (512) 454-3628
UTAH

Intel Corp. (temporary)
3519 Lexington Dr.
Bountiful, UT 84010
Tel: (801) 292-2164
VIRGINIA

Intel Corp.

1501 Santa Rosa Road
Suite C-7

Richmond, VA 23288
Tel: (804) 282-5668

WASHINGTON

Intel Corp.

Suite 114, Bldg. 3
1603 116th Ave. N.E.
Bellevue 98005

Tel: (206) 453-8086
TWX: 910-443-3002

WISCONSIN

Intel Corp.

150 S. Sunnyslope Rd.
Brookfield 53005

Tel: (414) 784-9060
CANADA

Intel Semiconductor Corp.*
Suite 233, Bell Mews

39 Highway 7, Bells Corners
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Tel: (613) 829-9714
TELEX: 053-4115

Intel Semiconductor Corp.
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Unit 12

Rexdale, Ontario

MW 4Y5

Tel: (416) 675-2105
TELEX: 06983574
Multilek, Inc.*

15 Grenfell Crescent
Ottawa, Ontario K2G 0G3
Tel: (613) 226-2365
TELEX: 053-4585
Muitilek, Inc.*

Toronto

Tel: 1-800-267-1070
Multilek, Inc.

Montreal

Tel: 1-800-267-1070

*Field Application Location
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Tel: (408) 987-8080 - -
TWX: 910-338-0026

TELEX: 34-6372

ALABAMA

Arrow Electronics

4717 University Dr.

Suite 102 1/2D.

Huntsville 35405

Tel: (205) 830-1103
tHamilton/ Avnet Electronics
4812 Commercial Drive N.W.
Huntsville 35805

Tel: (205) 837-7210

TWX: 810-726-2162
tPioneer/Huntsville B
1207 Putnam Drive N.W.
Huntsville 35805 )
Tel: (205) 837-9300

TWX: 810-726-2197

ARIZONA

tHamilton/Avnet Electronics
505 S. Madison Drive
Tempe, AZ 85281

Tel: (602) 231-5140

TWX: 910-950-0077

tWyle Distribution Group
8155 N. 24th Street
Phoenix 85021

Tel: (602) 995-9185

TWX: 910-951-4282
CALIFORNIA

Arrow Electronics, Inc.

521 Weddell Dr.

Sunnyvale 94086

Tel: (408) 745-6600

TWX: 910-339-9371

tAvnet Electronics

350 McCormick Avenue
Costa Mesa 92626

Tel: (714) 754-6051

TWX: 910-595-1928
Hamilton/Avnet Electronics
1175 Bordeaux Dr.
Sunnyvale 94086

Tel: (408) 743-3300

TWX: 910-339-9332
tHamilton/Avnet Electronics
4545 Viewridge Ave

San Diego 92123

Tel: (714) 563-1969

TWX: 910-335-1216
tHamilton/Avnet Electronics
10912 W. Washington Blivd.
Culver City 80230

Tel: (213) 558-2193 .
TWX: 910-340-6364 or 7073
tHamilton Electro Sales
3170 Puliman Street

Costa Mesa 92626

Tel: (714) 641-4109

TWX: 910-595-2638

tWyle Distribution Group
124 Maryland Street

El Segundo 90245
Tel:/(213) 322-8100

TWX: 910-348-7140 or 7111
tWyle Distribution Group
9525 Chesapeake Dr.

San Diego 92123

Tel: (714) 565-9171

TWX: 910-335-1590

tWyle Distribution Group
3000 Bowers Avenue
Santa Clara 95052

Tel: (408) 727-2500

TWX: 910-338-0451 or 0296 )

Wyle Distribution Group
17872 Cowan Avenue
Irvine 92713

Tel: (714) 641-1600
TWX: 910-595-1572

COLORADO

tWyle Distribution Group
451 E 124th Avenue
Thornton, CO 80241

Tel: (303) 457-9953
TWX: 910-936-0770

tHamilton/ Avnet Electronics
8765 E. Orchard Road

Suite 708

Englewood 80111

Tel: (303) 740-1017

TWX: 910-935-0787

CONNECTICUT

tArrow Electonics

12 Beaumont Road
Wallingford 06512

Tel: (203) 265-7741
TWX: 710-476-0162
tHamilton/Avnet Electronics
Commerce Industrial Park
Commerce Drive

Danbury 06810

Tel: (203) 797-2800
TWX: 710-456-9974
tHarvey Electronics

112 Main Street

Norwalk 06851

Tel: (203) 853-1515
TWX: 710-468-3373

FLORIDA

tArrow Electronics

1001 N.W. 62nd Street
Suite 108

Ft. Lauderdale 33309

Tel: (305) 776-7790

TWX: 510-955-9456
tArrow Electronics

115 Palm Bay Road, N.W.
Suite 10, Bldg. 200

Palm Bay 32905

Tel: (305) 725-1480

TWX: 510-959-6337
tHamilton/Avnet Electronics
6800 Northwest 20th Ave.
Ft. Lauderdale 33309

Tel: (305) 971-2900

TWX: 510-956-3097
Hamilton/Avnet Electronics
3197 Tech. Drive North

St. Petersburg 33702

Tel: (813) 576-3930

TWX: 810-863-0374
tPioneer/Orlando

6220 S. Orange Bloasom Trail
Suite 412

Orlando 32809

Tel: (305) 859-3600

TWX: 810-850-0177

GEORGIA

Arrow Electronics

2979 Pacific Drive

Norcross 30071

Tel: (404) 449-8252

TWX: 810-766-0439
tHamilton/Avnet Electronics
5825 D. Peachtree Corners
Norcross 30092

Tel: (404) 447-7500

TWX: 810-766-0432
Pioneer/Georgia

5835 B Peachtree Corners E
Norcross 30082

Tel: (404) 448-1711

TWX: 810-766-4515

ILLINOIS

- Arrow Electronics

492 Lunt Avenue

P.O. Box 94248
Schaumburg 60172
Tel: (312) 893-9420
TWX: 910-291-3544
tHamilton/Avnet Electronics
3901 No. 25th Avenue
Schiller Park 80176
Tel: (312) 678-6310
TWX: 910-227-0060
Pioneer/Chicago
1551 Carmen Drive
Elk Grove 60007

Tel: (312) 437-9680
TWX: 910-222-1834
INDIANA

Arrow Electronics
2718 Rand Road
Indianapolis 46241
(317) 243-9353

TWX: 810-341-3119
tHamilton/Avnet Electronics
485 Gradle Drive
Carmel 46032

Tel: (317) 844-9333
TWX: 810-260-3966

INDIANA (Cont.)
Pioneer/Indiana

8408 Castleplace Drive
Indianapolis 46250
Tel: (317) 849-7300
TWX: 810-260-1794

KANSAS

tHamilton/Avnet Electronics
9219 Quivera Road
Overland Park 66215

Tel: (913) 888-8900

TWX: 910-743-0005

tComponent Specialties, Inc.

8369 Nieman Road
Lenexa 66214

Tel: (913) 492-3555
MARYLAND
tHamilton/Avnet Electronics
6822 Oak Hall Lane
Columbia, MD 21045
Tel: (301) 895-3500
TWX: 710-862-1861
Mesa

16021 Industrial Dr.
Gaithersburg 20760
Tel: (301) 948-4350
tPioneer/Washington
9100 Gaither Road
Gaithersburg 20760
Tel: (301) 948-07 10
TWX: 710-828-0545

MASSACHUSETTS

tHamilton/Avnet Electronics.

50 Tower Office Park
Woburn 01801 .
Tel: (617) 935-9700
TWX: 710-393-0382
tArrow Electronics
Arrow Dr.

Woburn 01801

Tel: (617) 933-8130
TWX: 710-393-6770
Harvey/Boston

' 44 Hartwell Ave.

Lexington 02173
Tel: (617) 863-1200
TWX: 710-326-6617

MICHIGAN

tArrow Electronics
3810 Varsity Drive

Ann Arbor 48104

Tel: (313) 971-8220
TWX: 810-223-6020
tPioneer/Michigan
13485 Stamford

Livonia 48150

Tel: (313) 525-1800
TWX: 810-242-3271
tHamilton/Avnet Electronics
32487 Schoolcraft Road
Livonia 48150

Tel: (313) 522-4700
TWX: 810-242-8775

MINNESOTA

tArrow Electronics

5230 W. 73rd Street
Edina 55435

Tel: (612) 830-1800

TWX: 910-576-3125
tindustrial Components
5229 Edina Industrial Bivd.
Minneapolis 55435

Tel: (612) 831-2666

- TWX: 910-576-3153

Hamilton/Avnet Electronics
10300 Bren Rd. East
Minnetonka 55343

Tel: (812) 932-0666

TWX: (910) 576-2720
tHamilton/Avnet Electronics
7449 Cabhill Road

Edina 55435

Tel: (612) 941-3801

TWX: 910-576-2720
MISSOURI

tArrow Electronics

2380 Schuetz

St. Louis, MO 63141

Tel: (314) 567-6888
tHamilton/Avnet Electronics
13743 Shorline Ct.

. Earth City 83045

Tel: (314) 344-1200
TWX: 910-762-0684

U.S. AND CANADIAN DISTRIBUTORS
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NEW HAMPSHIRE
tArrow Electronics
1 Perimeter Drive
Manchester 03103
Tel: (603) 668-6968
TWX: 710-220-1684
NEW JERSEY
tArrow Electronics
Pleasant Valley Avenue
Moorestown 08057
Tel: (215) 928-1800
TWX: 710-897-0829
tArrow Electronics
285 Midland Avenue
Saddle Brook 07662
Tel: (201) 797-5800
TWX: 710-998-2206
tHamilton/Avnet Electronics
1 Keystone Ave.
Bldg. 36

Cherry Hill 08003
Tel: (609) 424-0100
TWX: 710-940-0262

* Hamilton/Avnet Electronics

10 Industrial Road
Fairfield 07008

Tel: (201) 5§75-3390
TWX: 710-734-4388
tHarvey Electronics
45 Route 46
Pinebrook 07058
Tel: (201) 227-1262
TWX: 710-734-4382

- Measurement Technology Sales Corp..” '

383 Route 46 W
Fairfield, NJ 07006
Tel: (201) 227-5552

NEW MEXICO

tAlliance Electronics Inc.
11030 Cochiti S.E.
Albuquerque 87123

Tel: (505) 292-3360
TWX: 810-989-1151
tHamilton/Avnet Electronics
2524 Baylor Drive S.E.
Albuquerque 87119

Tel: (505) 765-1500
TWX: 910-989-0614

NEW YORK

tArrow Electronics

900 Broad Hollow Rd.
Farmingdale, NY 11735
Tel: (516) 694-6800
TWX: 510-224-6494
tArrow Electronics

3000 South Winton Road
Rochester 14623

Tel: (716) 275-0300
TWX: 510-253-4766
tArrow Electronics

7705 Maltage Drive
Liverpool 13088

Tel: (315) 652-1000
TWX: 710-545-0230
Arrow Electronics

20 Oser Avenue
Hauppauge 11787

Tel: (516) 231-1000
TWX: 510-227-6623
tHamilton/Avnet Electronics
333 Metro Park
Rochester 14623

Tel: (716) 476-9130
TWX: §10-253-56470
tHamilton/Avnet Electronics
16 Corporate Circle

E. Syracuse 13057

Tel: (315) 437-2641
TWX: 710-541-1560
tHamilton/ Avnet Electronics
5 Hub Drive

Melville, Long Island 11746
Tel: (516) 454-6000
TWX: 510-224-6166
Harvey Electronics

P.O. Box 1208
Binghampton 13902

Tel: (607) 748-8211
TWX: 610-252-0893

tMicrocomputer System Technical Demonstrator Centers



3065 Bowers Avenue

Santa Clara, California 95051
Tel: (408) 987-8080

TWX: 910-338-0026

TELEX: 34-68372

NEW YORK (Cont.)
tHarvey Electronics

60 Crossways Park West
Woodbury, Long Island 11797
Tel: (516) 921-8920
TWX: 510-221-2184
Harvey /Rochester

840 Fairport Park
Fairport 14450

Tel: (716) 381-7070
TWX: 510-253-7001

Measurement Technology Sales Corp.

169 Northern Blvd.
Greatneck 11021
Tel: (516) 482-3500
TWX: 510-223-0846

NORTH CAROLINA
Arrow Electronics
938 Burke Street
Winston-Salem 27102
Tel: (919) 725-8711
TWX: 510-931-3169
tHamilton/Avnet Electronics
2803 Industrial Drive
Raleigh 27609

Tel: (919) 829-8030
TWX: 510-928-1836
Pioneer/Carolina

106 Industrial Ave.
Greensboro 27406
Tel: (919) 273-4441
TWX: 510-925-1114

OHIO

Arrow Electronics

10 Knolkrest Dr.

Reading, OH 45237

Tel: (513) 761-5432

TWX: 810-461-2670

Arrow Electronics

7620 McEwen Road
Centerville 45459

Tel: (513) 435-5563

TWX: 810-459-1611

Arrow Electronics

6238 Cochran Rd.

Solon 44133

Tel: (216) 248-3990

TWX: 810-427-9409
tHamilton/Avnet Electronics
954 Senate Drive

Dayton 45459

Tel: (513) 433-0610

TWX: 910-450-2531
tHamilton/Avnet Electronics
4588 Emery Industrial Parkway
Warrensville Heights 44128
Tel: (216) 831-3500

TWX: 810-427-9452
tPioneer/Dayton

4433 Interpoint Bivd.
Dayton 45424

Tel: (513) 236-9900

TWX: 810-459-1622
tPioneer/Cleveland

4800 E. 131st Street
Cleveland 44105

Tel: (216) 587-3600

TWX: 810-422-2211
OKLAHOMA

tComponents Specialties, Inc.
7920 E. 40th Street

Tulsa 74145

Tel: (918) 664-2820

TWX: 910-845-2215

U.S. AND CANADIAN DISTRIBUTORS

OREGON

tAlmac/Stroum Electronics
8022 S.W. Nimbus, Bldg. 7
Beaverton 87005

Tel: (503) 841-8070

TWX: 910-467-8743
tHamilton/Avnet Electronics
6024 S.W. Jean Rd.

Blidg. C, Suite 10

Lake Oswego 97034

Tel: (503) 835-7848

TWX: 910-455-8179

PENNSYLVANIA
Arrow Electronics

850 Seco Rd.
Monroeville, PA 15146
Tel: (412) 856-7000
tArrow Electronics
650 Seco Rd.
Monroeville 15148
Tel: (412) 856-7000
Pioneer/Pittsburgh
259 Kappa Drive
Pittsburgh 15238

Tel: (412) 782-2300
TWX: 710-795-3122
Pioneer/Delaware Valley
261 Gibralter Road
Horsham 19044

Tel: (215) 674-4000
TWX: 510-665-6778
TEXAS

Arrow Electronics
13715 Gama Road
Dallas 75234

Tel: (214) 386-7500
TWX: 910-860-5377
Arrow Electronics, Inc.

10700 Corporate Drive, Suite 100

Stafford 77477

Tel: (713) 491-4100

TWX: 910-880-4439
Component Specialties, Inc.
8222 Jamestown Drive

Suite 115

Austin 78758

Tel: (512) 837-8922

TWX: 910-874-1320
tComponent Specialties, Inc.
10807 Shady Trail, Suvite 101
Dallas 75220

Tel: (214) 357-6511

TWX: 910-861-4999
tComponent Specialties, Inc.

8181 Commerce Park Drive, Suite 700

Houston 77038

Tel: (713) 771-7237

TWX: 910-881-2422
Hamilton/Avnet Electronics
10508A Boyer Blvd.

Austin 78757

Tel: (512) 837-8911

TWX: 910-874-1319
tHamilton/Avnet Electronics
2111 W. Walnut Hill Lane
Iving 75082

Tel: (214) 659-4100

TWX: 910-860-5929
tHamilton/Avnet Electronics
3939 Ann Arbor Drive
Houston 77083

Tel: (713) 780-1771

TWX: 910-881-5523

UTAH

tHamilton/ Avnet Electronics
1585 West 2100 South

Salt Lake City 84119

Tel: (801) 972-2800

TWX: 910-925-4018

WASHINGTON
tAlmac/Stroum Electronics
5811 Sixth Ave. South
Seattle 98108

Tel: (208) 763-2300

TWX: 910-444-2087
tHamilton/Avnet Electronics
14212 N.E. 21st Street
Bellevue 98005

Tel: (208) 453-5844

TWX: 910-443-2469

tWyle Distribution Group
1750 132nd Avenue N.E.
Bellevue 98005

Tel: (208) 453-8300

TWX: 910-443-2526
WISCONSIN

tArrow Electronics

430 W. Rausson Avenue
Oakcreek 53154

Tel: (414) 764-6600

TWX: 910-262-1193
tHamilton/Avnet Electronics
2975 Moorland Road

New Berlin 53151

Tel: (414) 784-4510

TWX: 910-262-1182

CANADA

ALBERTA

tL.A. Varah Ltd.
4742 14th Street N.E.
Calgary T2D 6L7

Tel: (403) 230-1235
TWX: 038-258-97

Zentronics

9224 27th Avenue
Edmonton TEN 1B2
Tel: (403) 463-3014
Telex: 03742841
Zentronics

3851 218t N.E.
Calgary T2E 6T5
Tel: (403) 230-1422

BRITISH COLUMBIA
1L.A. Varah Ltd.
2077 Alberta Street
Vancouver V5Y 1C4
Tel: (604) 873-3211
TWX: 610-929-1068
Zentronics

550 Cambie St.
Vancouver V6B 2N7
Tel: (604) 688-2533
TWX: 04-5077-89

MANITOBA

L.A. Varah

1-1832 King Edward Street
Winnipeg R2R ON1

Tel: (204) 633-6190
TWX: 07-55-365
Zentronics

590 Berry St.

Winnipeg R3H 0S1

Tel: (204) 775-8661
NOVA SCOTIA
Zentronics

30 Simmonds Dr., Unit B
Dartmouth, B3B 1R3
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ONTARIO
tHamilton/Avnet Electronics

6845 Rexwood Road, Units G & H

Mississauga L4V 1M5
Tel: (416) 677-4732
TWX: 810-492-8867
tHamilton/Avnet Electronics
1735 Courtwood Cresent
Ottawa K2C 3J2 !
Tel: (613) 226-1700
TWX: 053-4871

1L.A. Varah, Ltd.

505 Kenora Avenue
Hamilton L8E 3P2

Tel: (4186) 561-9311
TWX: 061-8349
tZentronics

141 Catherine Street
Ottawa K2P 1C3

Tel: (613) 238-8411

-TWX: 053-3636

tZentronics

8 Kilbury Ct.
Brampton, Ontario
Toronto, LBT 374
Tel: (416) 451-9600
Telex: 06-976-78
Zentronics

564/10 Weber St., N.
Waterloo, NAL 5C6
Tel: (519) 884-5700

QUEBEC
tHamilton/Avnet Electronics
2670 Sabourin Street
St. Laurent H4S 1M2
Tel: (514) 331-6643
TWX: 610-421-3731
Zentronics

5010 Rue Pare Street
Montreal H4P 1P3
Tel: (514) 735-5361
TWX: 05-827-535

System Technical D

Centers



3085 Bowers Avenue

Santa Clara, California 95051

Tel: (408) 987-8080
TWX: 910-338-0026
TELEX: 34-6372

CALIFORNIA

Intel Corp.

1601 Old Bayshore Hwy.
Suite 345
Burlingame 84010
Tel: (415) 692-4762
TWX: 910-375-3310
Intel Corp.

2000 E. 4th Street
Suite 110

Santa Ana 92705
Tel: (714) 835-2870
TWX: 910-596-2475
Intel Corp.

7670 Opportunity Road
San Diego 92111
Tel: (714) 268-3563
Intet Corp.

5530 N. Corbin Ave.
Suite 120

Tarzana 91356

Tel: (213) 708-0333

COLORADO

Intel Corp.

850 South Cherry
Suite 720

Denver 80222

Tel: (303) 321-8086
TWX: 910-931-2289

CONNECTICUT
intel Corp.

36 Padanaram Rd.
Danbury, CT 08810
Tel: (203) 792-8366

FLORIDA

Intel Corp.

1500 N.W. 62nd Street
Suite 104

Ft. Lauderdale 33309
Tel: (305) 771-0600
TWX: 510-956-9407

Intel Corp.

500 N. Maitland Ave.
Suite 205

Maitland, FL 32751
Tel: (305) 628-2393
TWX: 810-853-9219
Intel Corp.

5151 Adanson St.
Orlando 32804

Tel: (305) 628-2393
GEORGIA

Intel Corp.

3300 Holcomb Bridge Rd. #225
30092

Norcross, GA

Tel: (404) 449-0541
ILLINOIS

Intel Corp.

2550 Golf Road

Suite 815

Rolling Meadows 60008
Tel: (312) 981-7230
TWX: 910-253-1825

KANSAS

Intel Corp.

9393 W. 110th Street
Suite 265

Overland Park 66210
Tel: (913) 842-8080
MARYLAND

Intel Corp.

7257 Parkway Drive
Hanover 21076

Tel: (301) 796-7500
TWX: 710-862-1944

MASSACHUSETTS
Intel Corp.

27 Industrial Avenue
Chelmsford 01824
Tel: (817) 266-1800
TWX: 710-343-6333

MICHIGAN

Intel Corp.

268500 Northwestern Hwy.
Suite 401

Southfield 48075

Tel: (313) 353-0920
TWX: 810-244-4915

MINNESOTA
Intel Corp.

7401 Metro Bivd.
Suite 365

Edina 55435

. Tel: (812) 835-6722

TWX: 810-576-2867

- MISSOURI

Intel Corp.

602 Earth City Plaza
Suite 121

Earth City 63045
Tel: (314) 291-1990

NEW JERSEY

Intel Corp.
2460 Lemoine Avenue

- 18t Floor

Ft. Lee 07024
Tel: (201) 947-6267
TWX: 710-991-8593

NEW YORK

Intel Corp.

2255 Lyell Avenue
Rochester, NY 14606
Tel: (716) 254-6120

NORTH CAROLINA

Intel Corp.

2306 W. Meadowview Rd.
Suite 206

Greensboro, NC 27407
Tel: (919) 294-1541

OHIO
Intel Corp.

Chagrin-Brainard Bldg. Suite 300

28001 Chagrin Bivd.
Cleveland 44122
Tel: (216) 464-2736
TWX: 810-427-9298
Intel Corp.

8500 Poe Avenue
Dayton 45414

Tel: (513) 890-5350
TWX: 810-450-2528

OREGON
Intel Corp.

)
10700 S.W. Beaverton-Hillsdale Hwy.

Suite 22

Beaverton 97005
Tel: (503) 841-8086
TWX: 910-467-8741

PENNSYLVANIA

Intel Corp.

500 Pennsylvania Avenue
Fort Washington 19034
Tel: (215) 641-1000
TWX: 510-6681-2077

Intel Corp.

201 Penn Center Bivd.
Suite 301 W.
Pittsburgh, PA 16235
Tel: (412) 823-4970

U.S. AND CANADIAN SERVICE OFFICES

TEXAS

Intel Corp.

313 E. Anderson Lane
Suite 314

Austin 78752

Tel: (512) 454-8477
TWX: 910-874-1347
Intel Corp.

2925 L.B.J. Freeway
Suite 176

* Dallas 75234

Tel: (214) 241-2820
TWX: 910-860-5617
Intel Corp.

8420 Richmond Avenue
Suite 280

Houston 77057

Tel: (713) 784-1300
TWX: 910-881-2490

VIRGINIA
Intel Corp.
7700 Leesburg Pike
Suite 412
Falls Church 22043
Tel: (703) 734-9707
TWX: 710-931-0625

WASHINGTON

Intel Corp.

1603 116th Ave. N.E.
Suite 114

Bellevue 98005

Tel: (206) 232-7823
TWX: 910-443-3002

WISCONSIN

Intel Corp.

150 S. Sunnyslope Road
Suite 148
Brookfield 53005
Tel: (414) 784-9060
CANADA

Intel Corp.

50 Galaxy Bivd.
Unit 12

Rexdale, Ontario
MOW4Ys

Tel: (416) 675-2105
Telex: 069-89278
Intel Corp.

39 Bells Corners
Ottawa, Ontario
K2H 8R2

Tel: (613) 829-9714
Telex: 053-4115
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Intel Corporation
3‘0@5 Bowers Avenue
Santa Clara, CA 95051

Intel Corporation S.A.
Parc Seny

Rue du Moulin a Papier 51
Boite 1

B-1160 Brussels

Belgium

Intel Japan K.K.

5-6 Tokodai Toyosato-machi
Tsukuba-gun, Ibaraki-ken 300-26
Japan :
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