


















































































































































































































































































intJ i486TM MICROPROCESSOR 

breakpoint registers. The Li bits are cleared by the 
processor during a task switch, to avoid spurious ex­
ceptions in the new task. Note that the breakpoints 
must be re-enabled under software control. 

All 486 Microprocessor Gi bits are unaffected during 
a task switch. The Gi bits support breakpoints that 
are active in all tasks executing in the system. 

9.3.3 DEBUG STATUS REGISTER (DRS) 

A Debug Status Register, DR6 shown in Figure 9.1, 
allows the exception 1 handler to easily determine 
why it was invoked. Note the exception 1 handler 
can be invoked as a result of one of several events: 

1) ORO Breakpoint fault/trap. 

2) DR1 Breakpoint fault/trap. 

3) DR2 Breakpoint fault/trap. 

4) DR3 Breakpoint fault/trap. 

5) Single-step (TF) trap. 

6) Task switch trap. 

7) Fault due to attempted debug register access 
when GD=1. 

The Debug Status Register contains single-bit flags 
for each of the possible events invoking exception 1. 
Note below that some of these events are faults (ex­
ception taken before the instruction is executed), 
while other events are traps (exception taken after 
the debug events occurred). 

The flags in DR6 are set by the hardware but never 
cleared by hardware. Exception 1 handler software 
should clear DR6 before returning to the user pro­
gram to avoid future confusion in identifying the 
source of exception 1. 

The fields within the Debug Status Register, DR6, 
are as follows: 

Bi (debug fault/trap due to breakpoint 0-3) 

Four breakpoint indicator flags, BO-B3, correspond 
one-to-one with the breakpoint registers in DRO­
DR3. A flag Bi is set when the condition described 
by DRi, LENi, and RWi occurs. 

If Gi or Li is set, and if the ith breakpoint is detected, 
the processor will invoke the exception 1 handler. 
The exception is handled as a fault if an instruction 
execution breakpoint occurred, or as a trap if a data 
breakpoint occurred. 

IMPORTANT NOTE: A flag Bi is set whenever the 
hardware detects a match condition on enabled 
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breakpoint i. Whenever a match is detected on at 
least one enabled breakpoint i, the hardware imme­
diately sets all Bi bits corresponding to breakpoint 
conditions matching at that instant, whether enabled 
or not. Therefore, the exception 1 handler may see 
that multiple Bi bits are set, but only set Bi bits corre­
sponding to enabled breakpoints (Li or Gi set) are 
true indications of why the exception 1 handler was 
invoked. 

BD (debug fault due to attempted register access 
when GO bit set) 

This bit is set if the exception 1 handler was invoked 
due to an instruction attempting to read or write to 
the debug registers when GO bit was set. If such an 
event occurs, then the GO bit is automatically 
cleared when the exception 1 handler is invoked, 
allowing handler access to the debug registers. 

BS (debug trap due to single-step) 

This bit is set if the exception 1 handler was invoked 
due to the TF bit in the flag register being set (for 
single-stepping). 

BT (debug trap due to task switch) 

This bit is set if the exception 1 handler was invoked 
due to a task switch occurring to a task having a 486 
Microprocessor TSS with the T bit set. Note the task 
switch into the new task occurs normally, but before 
the first instruction of the task is executed, the ex­
ception 1 handler is invoked. With respect to the 
task switch operation, the operation is considered to 
be a trap. 

9.3.4 USE OF RESUME FLAG (RF) IN FLAG 
REGISTER 

The Resume Flag (RF) in the flag word can sup­
press an instruction execution breakpoint when the 
exception 1 handler returns to a user program at a 
user address which is also an instruction execution 
breakpoint. 

10.0 INSTRUCTION SET SUMMARY 

This section describes the 486 microprocessor in­
struction set. Tables 10.1 through 10.3 list all in­
structions along with instruction encoding diagrams 
and clock counts. Further details of the instruction 
encoding are then provided in Section 10.2, which 
completely describes the encoding structure and the 
definition of all fields occurring within the 486 micro­
processor instructions. 
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10.1 i486™ Microprocessor 
Instruction Encoding and Clock 
Count Summary 

To calculate elapsed time for an instruction, multiply 
the instruction clock count, as listed in Tables 1 0.1 
through 10.3 by the processor clock period (e,g., 
40 ns for a 25 MHz 486 microprocessor). 

For more detailed information on the encodings of 
instructions, refer to Section 10.2 Instruction Encod­
ings. Section 10.2 explains the general structure of 
instruction encodings, and defines exactly the en­
codings of all fields contained within the instruction. 

INSTRUCTION CLOCK COUNT ASSUMPTIONS 

The 486 microprocessor instruction clock count ta­
bles give clock counts assuming data and instruction 
accesses hit in the cache. A separate penalty col­
umn defines clocks to add if a data access misses in 
the cache. The combined instruction and data cache 
hit rate is over 90%. 

A cache miss will force the 486 microprocessor to 
run an external bus cycle. The 486 microprocessor 
32-bit burst bus is defined as r-b-w. 

Where: 

r = The number of clocks in the first cycle of a 
burst read or the number of clocks per data 
cycle in a non-burst read. 

b = The number of clocks for the second and sub­
sequent cycles in a burst read. 

w = The number of clocks for a write. 

The fastest bus the 486 microprocessor can support 
is 2 -1 - 2 assuming 0 wait states. The clock counts 
in the cache miss penalty column assume a 2 -1 - 2 
bus. For slower busses add r-2 clocks to the cache 
miss penalty for the first dword accessed. Other fac­
tors also affect instruction clock counts. 

Instruction Clock Count Assumptions 

1. The external bus is available for reads or writes at 
all times. Else add clocks to reads until the bus is 
available. 

2. Accesses are aligned. Add three clocks to each 
misaligned access. 

3. Cache fills complete before subsequent accesses 
to the same line. If a read misses the cache dur­
ing a cache fill due to a previous read or pre-fetch, 
the read must wait for the cache fill to complete. If 
a read or write accesses a cache line still being 
filled, it must wait for the fill to complete. 
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4. If an effective address is calculated, the base 
register is not the destination register of the pre­
ceding instruction. If the base register is the des­
tination register of the preceding instruction add 
1 to the clock counts shown. 

5. An effective address calculation uses one base 
register and does not use an index ieglst6i. 
However, if the effective address calculation 
uses an index register, add 1 clock to the clock 
count shown. 

6. The target of a jump is in the cache. If not, add r 
clocks for accessing the destination instruction 
of a jump. If the destination instruction is not 
completely contained in the first dword read, add 
a maximum of 3b clocks. If the destination in­
struction is not completely contained in the first 
16 byte burst, add a maximum of another r + 3b 
clocks. 

7. No write buffer delay. Add w clocks (on average) 
to wait for 1 write buffer to empty. 

8. Displacement and immediate not used together. 
If displacement and immediate used together 
add 1 clock to the clock count shown. 

9. No invalidate cycles. Add a delay of 1 clock for 
each invalidate cycle if the invalidate cycle con­
tends for the internal cache/external bus when 
the 486 CPU needs to use it. 

10. Page translation hits in TLB. A TLB miss will add 
13, 21 or 28 clocks to the instruction depending 
on whether the Accessed and/or Dirty bit in nei­
ther, one or both of the page entries needs to be 
set in memory. This assumes that neither page 
entry is in the data cache and a page fault does 
not occur on the address translation. 

11. No exceptions are detected during instruction 
execution. Refer to Interrupt Clock Counts Table 
for extra clocks if an interrupt is detected. 

12. Instructions that read multiple consecutive data 
items (i.e. task switch, paPA, etc.) and miss the 
cache are assumed to start the first access on a 
16-byte boundary. If not, an extra cache line fill 
may be necessary which may add up to (r + 3b) 
clocks to the cache miss penalty. 
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Table 10.1. i4BSTM Microprocessor Integer Clock Count Summary 

INSTRUCTION FORMAT Cache Hit 
Penalty II Notes 

eacheMlss 

INTEGER OPERATIONS 

MOV = Move: 

regl to reg2 I 1000100W 111 regl reg2! 1 

reg2 to regl I 1000101w 111 reg2 regl! 1 

memory to reg I 1000101w I mod reg rim! 1 2 

reg to memory I 1000100w I mod reg rim! 1 

Immediate to r9g2 I 1100011 w 111000 re92/ immediate data 1 

or I 1011wreg2 I immediate data 1 

Immediate to Memory I 11000 11 w I mod 000 
/ I displacement 

r m immediate 
1 

Memory to Accumulator I 1010000w I full displacement 1 2 

Accumulator to Memory I 1010001w I full displacement 1 

MOVSX/MOVZX = Move with SlgnlZero Extension 

reg210 regl I 0000 1111 I 10 11 zll w 111 regl reg2! 3 

memory to reg1 I 0000 1111 I 1011 zll w I mod reg r/ml 3 2 

z Instruction 

a MOVZX 
1 MOVSX 

PUSH = Push 

reg2 11111111 111 110 reg2! 4 

or 01010 reg21 1 

memory 11111111 I mod 110 rim! 4 1 1 

immediate 011010s0 I immediate data 1 

PUSHA = Push All 01100000 1 11 

POP = Pop 

reg2 I 1000 1111 111 000 rim 1 4 1 

or 101011 reg2! 1 2 

memory I 1000 1111 I mod 000 rim! 6 2 1 

POPA = Pop All I 01100001 ! 9 7/15 16/32 

XCHG = Exchange 

reg 1 with re92 I 1000011w 111 reg1 reg2! 3 2 

Accumulator with re92 1100 10 reg2! 3 2 

Memory with reg I 1000011w I mod reg rim 1 5 2 

LEA = Load EA to Register I 100 a 110 1 I mod reg rim! 
no index register 1 
with index register 2 

Instruction TIT 

ADD = Add 000 

ADC = Add with Carry 010 
AND = Logical AND 100 
OR = Logical OR 001 

SUB = Subtract 101 

ssa = Subtract with Borrow all 

XOR = Logical Exclusive OR 110 
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Table 10.1. i486™ Microprocessor Integer Clock Count Summary (Continued) 

INSTRUCTION FORMAT Cache Hit Penalty II Notes 
Cache Miss 

INTEGER OPERATIONS (Continued) 

reg1 to r9g2 I OOTTTOOw 111 regl reg21 1 

rog2 to regl I OOTTTOlw 111 regl reg21 1 

memory to register I OOTTTOlw I mod reg rIm 1 2 2 

register to memory I OOTTTOOw I mod reg rIm 1 3 6/2 U/L 

immediate to register I 1 OOOOOsw 111 TTT reg I immediate register 1 

immediate to accumulator I 00 TTT lOw I immediate data 1 

immediate to memory I 100000sw I mod TTT rim I immediate data 3 6/2 U/L 

Instruction TTT 

INC = Increment 000 
DEC = Decrement 001 

reg2 I lllllllw 111 TTT reg21 1 

or 101TTT reg21 1 

memory I lllllllw I mod TTT reg21 3 6/2 U/L 

Instruction TTT 

NOT ~ Logical Complement 010 
NEG ~ Negate 011 

reg2 I 1111011 w 111 TTT reg21 1 

memory I 1111011 w ImodTTT rIm I 3 6/2 UlL 

CMP ~ Compare 

reg 1 with re92 I 0011100w 11 re91 reg21 1 

re92 with re91 I 0011101 w 11 regl reg21 1 

memory with register I 0011100w mod reg ;;] 2 2 

register with memory I 0011101 w mod reg rIm 1 2 2 

immediate with register I 100000sw 11 111 reg I immediate data 1 

immediate with acc. I 0011110w immediate data 1 

immediate with memory I 100000sw mod 111 rim I immediate data 2 2 

TEST ~ Logical Compare 

re91 and re92 I 1000010w 111 re91 reg21 1 

memory and register I 1000010w I mod reg r/ml 2 2 

immediate and register I 1111011 w 111 000 reg I immediate data 1 

immediate and acc. I 1010100w I immediate data 1 

immediate and memory I 1111011 w I mod 000 rim I immediate data 2 2 

MUL ~ Multiply (unsigned) 

acc. with register I 1111011 w 111 100 reg 1 

Multiplier-Byte 13/18 MN/MX,3 

Word 13/26 MN/MX,3 

Dword 13/42 MN/MX,3 

ace. with memory I 1111011 w I mod 100 rim I 
Multiplier-Byte 13/18 1 MN/MX,3 

Word 13/26 1 MN/MX,3 
Dword 13/42 1 MN/MX,3 
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Table 10.1. i486TM Microprocessor Integer Clock Count Summary (Continued) 

INSTRUCTION FORMAT Cache Hit Penalty If Notes 
Cache Miss 

INTEGER OPERATIONS (Continued) 

IMUL ~ Integer Multiply (signed) 

ace. with register I 11110 11 w 111 101 reg I 
Multiplier-Byte 13/18 MN/MX,3 

Word 13/26 MN/MX,3 

Dword 13/42 MN/MX,3 

acc. with memory I 11110 11 w I mod 101 rlml 

Multiplier-Byte 13/18 MN/MX,3 

Word 13/26 MN/MX,3 

Oward 13/42 MN/MX,3 

regl with reg2 I 00001111 I 10101111 111 regl reg21 

Multiplier-Byte 13/18 MN/MX,3 

Word 13/26 MN/MX,3 

Dword 13/42 MN/MX,3 

register with memory I 0000 1111 I 10101111 I mod reg rim I 
Multiplier-Byte 13/18 1 MN/MX,3 

Word 13/26 1 MN/MX,3 

Dword 13/42 1 MN/MX,3 

re91 with imm. to re92 I 01101 as 1 111 regl re92 1 immediate data 

Multiplier-Byte 13/18 MN/MX,3 

Word 13/26 MN/MX,3 

Dward 13/42 MN/MX,3 

memo with imm. to reg. I 01101 Os 1 I mod reg rim I immediate data 

Multiplier-Byte 13/18 2 MN/MX,3 

Word 13/26 2 MN/MX,3 

Dword 13/42 2 MN/MX,3 

DIV ~ Divide (unsigned) 

acc. by register I 1111011 w 111 110 reg I 
Divisor-Byte 16 

Word 24 

Dword 40 

acc. by memory I 11110 11 w I mod 110 rlml 

Divisor-Byte 16 

Word 24 

Dword 40 

IDIV ~ Integer Divide (signed) 

acc. by register I 1111011 w 111 111 reg I 
Divisor-Byte 19 

Word 27 

Dword 43 

acc. by memory I 11110 11 w I mod 111 rim I 
Divisor-Byte 20 

Word 28 

Dword 44 
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Table 1 0.1. i486™ Microprocessor Integer Clock Count Summary (Continued) 

INSTRUCTION FORMAT CacheHII 
Penally If 

Notes 
Cache Mis. 

INTEGER OPERATIONS (Continued) 

CBW ~ Convert Byte 10 Word I 10011000 I 3 

CWO = Convert Word 10 Oword I 10011001 I 3 

Inslrucllon ITT 

ROL = Rotate Left 000 
ROR = Rotate Right 001 
RCL = Rotate through Carry Left 010 
RCR = Rotate through Carry Right 011 
SHL/SAL = Shift LogicallArithmetic Left 100 
SHR = Shift Logical Right 101 
SAR = Shift Arithmetic Right 111 

Nol Through Carry (ROL, ROR, SAL, SAR, SHL, and SHR) 

reg by1 1101000w 11 TTT reg I 3 

memory by 1 1101000w mod TTT rim I 4 6 

reg byCL 1101001 w mod TTT reg I 3 

memory by CL 1101001 w mod TTT rim I 4 6 

reg by immediate count 1100000w 11 TTT reg I immediate a-bit data 2 

mam by immediate count I 1100000w mod TTT rim I immediate a-bit data 4 6 

Through Carry (RCL and RCR) 

reg by 1 1101000w 11 TTT reg I 3 

memory by 1 1101000w mod TTT rim I 4 6 

reg byCL 1101001 w 11 TTT reg I 8/30 MN/MX,4 

memorybyCL 1101001w mod TTT rim I 9/31 MN/MX,5 

reg by immediate count 1100000w 11 TTT reg I immediate 8-bit data 8/30 MN/MX,4 

mam by immediate count 1100000w mod TTT rim I immediate 8-bit data 9/31 MN/MX,5 

Instruction ITT 

SHLD = Shift Left Double 100 
SHRD = Shift Right Double 101 

register with immediate 00001111 10TTT100 11 reg rIm I imm a-bit data 2 

memory by immediate 00001111 10TTT100 mod reg rIm I imm a-bit data 3 6 

register by CL 00001111 10TTT101 11 reg rim I 3 

memory by CL 00001111 10TTT101 mod reg rim \ 4 5 

BSWAP = Byle Swap 00001111 11001 reg 1 

XADO ~ Exchange and Add 

reg1, reg2 I 00001111 11100000w 111 reg2 reg1\ 3 

memory. re92 I 00001111 11100000w 1 mod re92 mam I 4 6/2 U/L 

CMPXCHG ~ Compare and Exchange 

re91, re92 I 00001111 11010011 w 111 reg2 reg1\ 6 

memory, re92 I 00001111 11010011 w 1 mod re92 mam I 7/10 2 6 

NOP = No Operallon I 10010000 I 3 
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Table 10.1. i486™ Microprocessor Integer Clock Count Summary (Continued) 

INSTRUCTION FORMAT Cache Hit 
Penalty If 

Notes Cache Miss 

CONTROL TRANSFER (within segment) 

NOTE: Times are jump taken/not taken 

Jece = Jump on eec 

a·bit displacement I 0111 til n I 8-bit disp. I 3/1 TINT. 23 

full displacement I 00001111 I 1000tttn I full displacement 3/1 T/NT,23 

NOTE: Times are jump taken/not taken 

SETcccc = Set Byte on ecce (Times are ecce true/false) 

reg2 I 00001111 I 1001 tttn 111 000 reg21 4/3 

memory I 00001111 I 1001 tttn I mod 000 r/ml 3/4 

Mnemonic 
Condition IItn 

ecce 

0 Overflow 0000 

NO NoOverftow 0001 

B/NAE Below/Not Above or Equal 0010 

NB/AE Not Belowl Above or Equal 0011 
E/Z Equal/Zero 0100 
NE/NZ Not EquallNot Zero 0101 

BE/NA Below or Equal/Not Above 0110 
NBE/A Not Below or Equall Above 0111 

S Sign 1000 

NS Not Sign 1001 

PIPE Parity I Parity Even 1010 
NPIPO Not ParitylParity Odd 1011 
L/NGE Less Than/Not Greater or Equal 1100 

NL/GE Not Less Than/Greater or Equal 1101 
LE/NG Less Than or Equal/Greater Than 1110 
NLE/G Not Less Than or Equal/Greater Than 1111 

LOOP ~ LOOP CX Times I 11100010 I 8-bit disp. I 7/6 L/NL,23 

LOOPZ/LOOPE ~ Loop with I 11100001 I 8-bit disp. I 9/6 LINL,23 

Zero/Equal 

LOOPNZlLOOPNE ~ Loop while I 11100000 I 8-bit disp. I 9/6 LlNL,23 

Not Zero 

JCXZ ~ Jump on CX Zero I 11100011 I 8-bit disp. I 8/5 TINT,23 

JECXZ ~ Jump on ECX Zero I 11100011 I 8-bit disp. I 8/5 TINT,23 

(Address Size Prefix Differentiates JCXZ for JECXZ) 

JMP ~ Unconditional Jump (within segment) 

Short I 11101011 I 8-bit disp. I 3 7,23 

Direct I 11101001 I full displacement 3 7,23 

Register Indirect I 11111111 111 100 reg I 5 7,23 

Memory Indirect I 11111111 I mod 100 r/ml 5 5 7 

CALL ~ Call (within segment) 

Direct I 11101000 I full displacement 3 7,23 

Register Indirect I 11111111 111 010 reg I 5 7,23 

Memory Indirect I 11111111 Imodolo r/ml 5 5 7 

RET ~ Return from CALL (within segment) 

I 11000011 I 5 5 

Adding Immediate to SP I 11000010 I 16-bil disp. I 5 5 
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Table 10.1. i486™ Microprocessor Integer Clock Count Summary (Continued) 

INSTRUCTION FORMAT Cache Hit 
Penalty I! 

Notes 
Cache Miss 

CONTROL TRANSFER (within segment) (Continued) 

ENTER ~ Enter Procedure I 11001000 116-bit disp .. B-bit level 

Level = 0 14 
Leve~ - 1 17 
Level (L) > 1 17+3L B 

LEAVE ~ Leave Procedure I 11001001 1 5 1 

MULTIPLE-SEGMENT INSTRUCTIONS 

MOV ~ Move 

reg. to segment reg. I 10001110 111 srag3 reg 1 3/9 0/3 RVIP, 9 

memory to segment reg. I 10001110 I mod sreg3 rIm 1 3/9 2/5 RVIP, 9 

segment reg. to reg. I 10001100 111 sreg3 reg 1 3 

segment reg. to memory I 10001100 I mod sreg3 r/ml 3 

PUSH ~ Push 

segment reg. 1000sreg21101 3 
(ES, CS, SS, or OS) 

segment reg. (FS or GS) 1 00001111 110 .r8g30 0 0 1 3 

POP ~ Pop 

s9gment reg. 000sr8g21111 3/9 2/5 RVIP, 9 
(ES, SS, or OS) 

segment reg. (FS or GS) 00001111 110 Sreg30011 3/9 2/5 RVIP, 9 

LOS ~ Load Pointer to OS 11000101 mod reg r/ml 6/12 7/10 RVIP, 9 

LES ~ Load Pointer to ES 11000100 mod reg rIm 1 6/12 7/10 RVIP, 9 

LFS ~ Load Pointer to FS 00001111 10110100 I mod reg rIm 1 6/12 7/10 RVIP, 9 

LGS ~ Load Pointer to GS 00001111 10110101 I mod reg rIm 1 6/12 7/10 RVIP, 9 

LSS ~ Load Pointer to SS 1 00001111 10110010 I mod reg rIm 1 6/12 7/10 RVIP, 9 

CALL ~ Can 

Direct intersegment 1 10011010 I unsigned full offset, selector 18 2 R,7,22 

to same level 20 3 P,9 
thru Gate to same level 35 6 P,9 
to inner level, no parameters 69 17 P,9 
to inner level, x parameter (d) words 77+4X 17+n P, 11, 9 
toTSS 37+TS 3 P, 10, 9 
thru Task Gate 38+TS 3 P, 10, 9 

Indirect intersegment 1 11111111 I mod 011 rIm 1 17 8 R,7 

to same level 20 10 p,g 
thru Gate to same level 35 13 P,9 
to inner level, no parameters 69 24 P,9 
to inner level. x parameter (d) words 77+4X 24+n P, 11, 9 
toTSS 37+TS 10 P, 10, 9 
thru Task Gate 38+TS 10 P,10,9 

RET ~ Return from CALL 

intersegment I 11001011 1 13 8 R,7 

to same level 18 9 P,9 
to outer level 33 12 P,9 

intersegment adding I 11001010 I 16-bit disp. 1 
imm.toSP 14 8 R,7 

to same level 17 9 P,9 
to outer level 33 12 P,9 
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Table 10.1. i486TM Microprocessor Integer Clock Count Summary (Continued) 

INSTRUCTION FORMAT Cache Hit 
Penalty II 

Notes 
Cache Miss 

MULTIPLE·SEGMENT INSTRUCTIONS (Continued) 

JMP = Unconditional. Jump 

Direct intersegment I 11101010 I unsigned fun offset, selector 17 2 R,7,22 

to samB level 19 3 P,9 
thru Can Gate to same level 32 6 P,9 
thruTSS 42+TS 3 P,10,9 
thru Task Gate 43+TS 3 P,10,9 

Indirect intersegment I 11111111 I mod 101 rIm I 13 9 R,7,9 

to same level 18 10 P,9 
thru Can Gate to same level 31 13 P,9 
thruTSS 41+TS 10 P,10,9 
thru Task Gate 42+TS 10 P,10,9 

BIT MANIPULATION 

BT = Test bit 

register, immediate I 00001111 I 10 1110 10 111 100 reg I imm. 8-bit data 3 

memory, immediate I 00001111 I 10 111 a 1 a I mod 100 rIm I imm. 8-bit data 3 1 

regl, reg2 I 00001111 110100011 111 reg2 regll 3 

memory, reg I 00001111 I 10100011 I mod reg rIm I 8 2 

Instruction TIT 

BTS = Test Bil and Set 101 
BTR = Test Bit and Reset 110 
BTC = Test Bit and Compliment 111 

register, immediate I 00001111 I 10 1110 10 111 TTT reg I imm. 8-bit data 6 

memory, immediate I 00001111 I 10111010 I mod TTT rIm I imm. 8-bit data 8 2/0 U/L 

regl, reg2 100001111 I 10TTTOIl 111 reg2 regll 6 

memory, reg I 00001111 I 10TTTOIl I mod reg rIm I 13 3/1 U/L 

BSF = Scan Bit Forward 

regl, reg2 I 00001111 I 10111100 I mod reg2 regll 6/42 MN/MX,12 

memory, reg I 00001111 I 10 111100 I mod reg rIm I 7/43 2 MN/MX,13 

BSR = Scan Bit Reverse 

regl, reg2 I 00001111 I 10111101 I mod reg2 regl I 6/103 MN/MX,14 

memory, reg I 00001111 I 10111101 I mod reg rIm I 7/104 1 MN/MX,15 

STRING INSTRUCTIONS 

CMPS = Compare Byte Word I 1010011 w I 8 6 16 

LODS = Load BytelWord I 1010110w I 5 2 
to ALI AX/EAX 

MOVS = Move BytelWord I 1010010w I 7 2 16 

SCAS = Scan BytelWord I 10 1 a 111 w I 6 2 

STOS = Store BytelWord I 10 1 a 101 w I 5 
from ALI AXIEX 

XLAT = Translate String I 11010111 I 4 2 
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Table 10.1. i486TM Microprocessor Integer Clock Count Summary (Continued) 

INSTRUCTION FORMAT Cache Hit Penalty If Notes 
Cache Miss 

REPEATED STRING INSTRUCTIONS 

Repeated by Count in CX or ECX (C ~ Count in CX or ECX) 

REPE CMPS ~ Compare String I 11110011 I 1010011 w I 
(Fine Ncr:-M~tch) 
C~O 5 
C>O 7+7c 16,17 

REPNE CMPS ~ Compare String I 11110010 I 1010011w I 
(Find Match) 
C~O 5 
C>O 7+7c 16,17 

REP lODS ~ Load String I 11110010 I 1010110w I 
C~O 5 
G>O 7+4c 16,18 

REP MOYS ~ Move String I 11110010 I 1010010w I 
C~O 5 
G~1 13 1 16 
C>1 12+3c 16,19 

REPE SCAS ~ Scan String I 11110011 I 1010111 w I 
(Find Non-ALI AX/EAX) 
G~O 5 
C>O 7+5c 20 

REPNE SCAS ~ Scan String I 11110010 I 1010111 w I 
(Find All AX/EAX) 
C~O 5 
G>O 7+5c 20 

REP STOS ~ Siore Siring I 11110010 I 1010101 w I 
C~O 5 
C>O 7+4c 

FLAG CONTROL 

ClC ~ Clear Carry Flag I 11111000 2 

STC ~ Sel Carry Flag I 11111001 2 

CMC ~ Complement Carry Flag I 11110101 2 

ClD ~ Clear Direction Flag I 11111100 2 

STD ~ Set Direction Flag I 11111101 2 

Cli ~ Clear Interrupt I 11111010 5 
Enable Flag 

STI ~ Sellnterrupt I 11111011 I 5 
Enable Flag 

LAHF ~ load AH Into Flag I 10011111 I 3 

SAHF ~ Store AH Into Flags I 10011110 I 2 

PUSHF ~ Push Flags I 10011100 I 4/3 RV/P 

POPF ~ Pop Flags I 10011101 I 9/6 RV/P 

DECIMAL ARITHMETIC 

AAA ~ ASCII Adjust for Add I 00110111 I 3 

AAS ~ ASCII Adjuslfor I 00111111 I 3 
Subtract 

AAM ~ ASCII Adjuslfor I 11010100 I 00001010 I 15 
Multiply 
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Table 1 0.1. i486TM Microprocessor Integer Clock Count Summary (Continued) 

INSTRUCTION FORMAT Cache Hit 
Penalty II 

Notes 
Cache Miss 

DECIMAL ARITHMETIC (Continued) 

AAD ~ ASCII Adjust for I 11010101 I 00001010 I 14 

Divide 

DAA ~ Decimal Adjust for Add I 00100111 I 2 

DAS ~ Decimal Adjust for Subtract I 00101111 I 2 

PROCESSOR CONTROL INSTRUCTIONS 

HLT ~ Halt I 11110100 I 4 

MOV ~ Move To and From Control/Debug/Test Registers 

CRO from register I 00001111 00100010 111 000 reg I 16 2 

CR2/CR3 from register I 00001111 00100010 111 eee reg I 4 

Reg from CRO-3 00001111 00100000 111 eee reg I 4 

DRO-3 from register 00001111 00100011 111 eee reg I 11 

DRS-7 from register 00001111 00100011 111 eee reg I 11 

Register from DRS-7 00001111 00100001 111 eee reg I 10 

Register from DRO-3 00001111 00100001 111 eee reg I 10 

TR3 from register I 00001111 00100110 111 011 reg I 6 

TR4-7 from register 00001111 00100110 111 eee reg I 4 

Register from TR3 00001111 00100100 111 011 reg I 3 

Register from TR4-7 00001111 00100100 111 eee reg I 4 

CLTS ~ Clear Task Switched Flag 00001111 I 00000110 I 7 2 

INVD ~ Invalidate Data Cache 00001111 I 00001000 I 4 

WBINVO = Write-Back and Invalidate 00001111 I 00001001 I 5 

Data Cache 

INVLPG ~ Invalidate TLB Entry 

INVLPG memory I 00001111 I 00000001 I mod 11 meml 12/11 H/NH 

PREFIX BYTES 

Address Size Prefix I 01100111 I 1 

LOCK ~ Bus Lock Prefix I 11110000 I 1 

Operand Size Prefix I 01100110 I 1 

Segment Override Prefix 

CS: [ 00101110 1 

DS: 00111110 1 

ES: 00100110 1 

FS: 01100100 1 

GS: 01100101 1 

ss: 00110110 1 
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Table 10.1. i486TM Microprocessor Integer Clock Count Summary (Continued) 

INSTRUCTION FORMAT Cache Hit 
Penalty If 

Notes Cache Miss 

PROTECTION CONTROL 

ARPL ~ Adjust Requested Privilege Level 

From register I 01100011 111 reg rIm 1 9 

I i i 
From memory I 01100011 I mod reg r/ml 9 

LAR ~ Load Access Right. 

From register I 00001111 I 00000010 111 reg r/ml 11 3 

From memory I 00001111 I 00000010 I mod reg r/ml 11 5 

LGDT ~ Load Global Descriptor 

Table register I 00001111 I 00000001 I mod 010 rIm 1 11 5 

LlDT ~ Load Interrupt Descriptor 

Table register I 00001111 I 00000001 I mod 011 r/ml 11 5 

LLDT ~ Load Local Descriptor 

Table register from reg. I 00001111 I 00000000 111 010 reg 1 11 3 

Table register from memo I 00001111 I 00000000 1 mod 010 r/ml 11 6 

LMSW = Load Machine Status Word 

From register I 00001111 I 00000001 111 110 reg 1 13 

From memory I 00001111 I 00000001 I mod 110 rIm 1 13 1 

LSL ~ Load Segment Limit 

From register I 00001111 1 00000011 111 reg rIm 1 10 3 

From memory I 00001111 I 00000011 I mod reg r/ml 10 6 

LTR ~ Load Task Register 

From Register I 00001111 I 00000000 111 001 reg 1 20 

From Memory I 00001111 I 00000000 I mod 001 r/ml 20 

SGDT ~ Store Global Descriptor Table 

I 00001111 I 00000001 I mod 000 r/ml 10 

SIDT ~ Store Interrupt Descriptor Table 

I 00001111 I 00000001 I mod 001 rIm 1 10 

SLDT ~ Store Local Descriptor Table 

To register I 00001111 I 00000000 111 000 reg 1 2 

To memory I 00001111 I 00000000 I mod 000 rIm 1 3 

SMSW ~ Store Machine Status Word 

To register I 00001111 I 00000000 I mod 100 reg 1 2 

To memory I 00001111 I 00000000 I mod 100 rIm 1 3 

STR ~ Store Task Register 

To register I 00001111 I 00000000 111 001 reg 1 2 

To memory I 00001111 I 00000000 I mod 001 rIm 1 3 

VERR ~ Verify Read Access 

Register I 00001111 I 00000000 111 100 rIm 1 11 3 

Memory I 00001111 1 00000000 I mod 100 rIm 1 11 7 

VERW ~ Verify Write Access 

To register I 00001111 I 00000000 I mod 101 reg 1 11 3 

To memory I 00001111 I 00000000 I mod 101 rIm 1 11 7 
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Table 10.1. i4B6™ Microprocessor Integer Clock Count Summary (Continued) 

INSTRUCTION FORMAT Cache Hit Penalty II Notes 
Cache Miss 

INTERRUPT INSTRUCTIONS 

INT n ~ Interrupt Type n I 11001101 I type I INT+4/0 RV/P,21 

INT 3 ~ Interrupt Type 3 I 11001100 I INT+O 21 

INTO ~ Interrupt411 I 11001110 I 
Overflow Flag Set 
Taken INT+2 21 
Not Taken 3 21 

BOUND ~ InterruptS II Detect I 01100010 I mod reg r/ml 
Value Out Range 

If in range 7 7 21 
If out of range INT+24 7 21 

IRET ~ Interrupt Return I 11001111 I 
Real ModelVirtual Mode 15 8 
Protected Mode 

To same level 20 11 9 
To outer level 36 19 9 
To nested task (EFLAGS.NT ~ 1) TS+32 4 9,10 

External Interrupt INT+11 21 

NMI ~ Non-Maskable Interrupt INT+3 21 

Page Fault INT+24 21 

VM86 Exceptions 

ell INT+8 21 
STI INT+8 21 
INTn INT+9 
PUSHF INT+9 21 
POPF INT+8 21 
IRET INT+9 
IN 

Fixed Port INT+50 21 
Variable Port INT+51 21 

OUT 
Fixed Port INT+50 21 
Variable Port INT+51 21 

INS INT+50 21 
OUTS INT+50 21 
REP INS INT+51 21 
REP OUTS INT+51 21 

Task Switch Clock Counts Table 

Method 
Value for TS 

Cache Hit Miss Penalty 

VM/486 CPU/286 TSS To 486 CPU TSS 162 55 
VM/486 CPU/286 TSS To 286 TSS 143 31 
VM/486 CPU/286 TSS To VM TSS 140 37 
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Interrupt Clock Counts Table 

Method 

Real Mode 

Protected Mode 
Interrupt/Trap gate, same level 
Interrupt/Trap gate, different level 
Task Gate 

Virtual Mode 
Interrupt/Trap gate, different leve! 
Task gate 

Abbreviations 
16/32 
UlL 
MN/MX 
LlNL 
RV/P 
R 
P 
T/NT 
H/NH 

NOTES: 

Definition 
16/32 bit modes 
unlockedllocked 
minimum/maximum 
loop/no loop 
real and virtual mode/protected mode 
real mode 
protected mode 
taken/not taken 
hitlno hit 

Cache Hit 

26 

44 
71 

37 + TS 

82 
37 + TS 

Value for INT 

Miss Penalty 

2 

6 
17 
3 

<"7 
I' 
3 

1. Assuming that the operand address and stack address fall in different cache sets. 
2. Always locked, no cache hit case. 
3. Clocks = 10 + max(log2(lml),n) 

m = multiplier value (min clocks for m = 0) 
n = 3/5 for ±m 

4. Clocks = (quotient(countloperand length»)*7+9 
= 8 if count :s;; operand length (8/16/32) 

5. Clocks = (quotient(countloperand length) )*7 + 9 
= 9 if count :s;; operand length (8/16/32) 

6. Equal/not equal cases (penalty is the same regardless of lock). 

Notes 

9 
9 

9,10 

10 

7. Assuming that addresses for memory read (for indirection), stack push/pop, and branch fall in different cache sets. 
8. Penalty for cache miss: add 6 clocks for every 16 bytes copied to new stack frame. 
9. Add 11 clocks for each unaccessed descriptor load. 
10. Refer to task switch clock counts table for value of TS. 
11. Add 4 extra clocks to the cache miss penalty for each 16 bytes. 
For notes 12-13: (b = 0-3, non-zero byte number); 

(i = 0-1, non-zero nibble number); 
(n = 0-3, non bit number in nibble); 

12. Clocks = 8+4 (b+ 1) + 3(i+ 1) + 3(n+ 1) 
= 6 if second operand = 0 

13. Clocks = 9+4(b+ 1) + 3(i+ 1) + 3(n+ 1) 
= 7 if second operand = 0 

For notes 14-15: (n = bit position 0-31) 
14. Clocks = 7 + 3(32-n) 

6 if second operand = 0 
15. Clocks = 8 + 3(32-n) 

7 if second operand = 0 
16. Assuming that the two string addresses fall in different cache sets. 
17. Cache miss penalty: add 6 clocks for every 16 bytes compared. Entire penalty on first compare. 
18. Cache miss penalty: add 2 clocks for every 16 bytes of data. Entire penalty on first load. 
19. Cache miss penalty: add 4 clocks for every 16 bytes moved. 

(1 clock for the first operation and 3 for the second) 
20. Cache miss penalty: add 4 clocks for every 16 bytes scanned. 

(2 clocks each for first and second operations) 
21. Refer to interrupt clock counts table for value of INT 
22. Clock count includes one clock for using both displacement and immediate. 
23. Refer to assumption 6 in the case of a cache miss. 
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Table 10.2. i486TM Microprocessor 1/0 Instructions Clock Count Summary 

Real 
Protected Protected Virtual 86 

INSTRUCTION FORMAT Mode 
Mode Mode Mode Notes 

(CPL:S:IOPL) (CPL>IOPL) 

1/0 INSTRUCTIONS 

IN ~ Input from: 

Fixed Port I 111001 Ow I port number I 14 9 29 27 

Variable Port I 1110 11 Ow I 14 8 28 27 

OUT ~ Output to: 

Fixed Port I 1110011 wi port number I 16 11 31 29 

Variable Port I 1110 111 wi 16 10 30 29 

INS ~ Input By tel Word 10 11 allOw I 17 10 32 30 

from OX Port 

OUTS ~ Output BytelWord 10110111 wi 17 10 32 30 1 

to OX Port 

REP INS ~ Input String I 11110010 I 0110110wl 16+8c 10+8c 30+8c 29+8c 2 

REP OUTS ~ Output String I 111100 10 10110111 wi 17+5c 11+5c 31 +5c 30+5c 3 

NOTES: 
1. Two clock cache miss penalty in all cases. 
2. c = count in CX or ECX. 
3. Cache miss penalty in all modes: Add 2 clocks for every 16 bytes. Entire penalty on second operation. 

151 



inter i486™ MICROPROCESSOR 

Table 10.3. i486™ Microprocessor Floating Point Clock Count Summary 

Cache Hit Penalty If Concurrent 
Cache Miss Execution 

INSTRUCTION FORMAT Avg(Lower Avg (Lower Avg(Lower Notes 
Range •.• Range ... Range ... 

Upper Range) Upper Range) Upper Range) 

DATA TRANSFER 

FLO = R~~! L~ad t~ ST(O} 

32·bit memory 111011 0011 mod 000 r/ml s·i·b/disp. I 3 2 

64·bit memory 111011 1011 mod 000 rim 1 s-i-b/disp. I 3 J 

BO·bit memory 111011 0111 mod 101 rim 1 s-i-bl disp. I 6 4 

ST(i) 111011 001!11000 snol 4 

FILD ~ Integer Load to ST(O) 

16-bit memory 111011 1111 mod 000 rim 1 s-i-bl disp. 1 14.5(13-16) 2 4 

32-bit memory 111011 0111 mod 000 rim 1 s-i-bl disp. 1 11.5(9-12) 2 4(2-4) 

64-bit memory 111011 1111 mod 101 rim 1 s-i-bl disp. 1 16.8(10-18) 3 7.8(2-8) 

FBLD ~ BCD Load to ST(O) 111011 1111 mod 100 r/ml s-i-b/disp. 1 75(70-103) 4 7.7(2-8) 

FST ~ Store Real from ST(O) 

32-bit memory 111011 o011mod 010 rim 1 s-i-bl disp. I 7 1 

64-bit memory 111011 1011 mod 010 rim 1 s-i-bl disp. 1 8 2 

ST(i) 111011 101111010 ST(i) 1 3 

FSTP ~ Store Real from ST(O) and Pop 

32-bit memory 111011 o 111mod 011 r/ml s-i-bl disp. 1 7 1 

64-bitmemory 111011 10 11 mod 011 r/ml s-i-bl disp. 1 8 2 

80-bil memory 111011 0111 mod 111 rim 1 s-i-bl disp. 1 6 

ST(i) 111011 101111001 ST(i) 1 3 

FIST ~ Store Integer from ST(O) 

l6-bit memory 111011 1111 mod 010 rim 1 s-i-b/disp. 1 33.4(29-34) 

32-bit memory 111011 0111 mod 010 rim 1 s-i-b/disp. 1 32.4(28-34) 

FISTP ~ Store Integer from ST(O) and Pop 

l6-bit memory 111011 1111 mod 011 rim 1 s-i-bl disp. 1 33.4(29-34) 

32-bit memory 111011 0111 mod 011 rim 1 s-i-b/disp. I 33.4(29-34) 

64-bit memory 111011 1111 mod 111 r/ml s-i-bl disp. 1 33.4(29-34) 

FBSTP ~ Store BCD from 111011 1111 mod 110 rim! s-i-bl disp. 1 175(172-176) 
ST(O) and Pop 

FXCH ~ Exchange ST(O) and ST(i) 111011 001111001 ST(i) 1 4 

COMPARISON INSTRUCTIONS 

FCOM ~ Compare ST(O) with Real 

32-bit memory 111011 0001 mod 010 rim 1 s-i-b/disp. 1 4 2 1 

64·bit memory 111011 100lmod 010 rim 1 s-i-b/disp. 1 4 3 1 

ST(i) 111011 000111010 ST(i) 1 4 1 

FCOMP ~ Compare ST(O) with Real and Pop 

32-bit memory 111011 ooolmod 011 rim! s-i-b/disp. 1 4 2 1 

64-bit memory 111011 100lmod 011 r/ml s-i-b/disp. 1 4 3 1 

ST(i) 111011 000 !11 011 ST(i) 1 4 1 
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Table 10.3. i486™ Microprocessor Floating Point Clock Count Summary (Continued) 

Cache Hit Penalty II Concurrent 
Cache Miss Execution 

INSTRUCTION FORMAT Avg(Lower Avg(Lower Avg (Lower Notes 
Range ••• Range .•• Range ••• 

Upper Range) Upper Range) Upper Range) 

COMPARISON INSTRUCTIONS (Continued) 

FCOMPP ~ Compare ST(O) with It 1011 11011101 10011 5 1 

ST(I) and Pop Twice 

FICOM ~ Compare ST(O) with Integer 

16·bit memory 111011 1101 mod a 1 a rlml s·i·bl disp. I 18(16-20) 2 1 

32·bit memory 111011 ololmod a 10 rim I s·i·b/disp. I 16.5(15-17) 2 1 

FICOMP ~ Compare ST(O) with Integer 

16·bit memory 111011 110 I mod all rim I s·i·bl disp. I 18(16-20) 2 1 

32·bit memory 111011 0101 mod all rlml s·i·b/disp. I 16.5(15-17) 2 1 

FTST ~ Compare ST(O) with 0.0 111011 00111110 0100 I 
FUCOM ~ Unordered compare 111011 10 11111 00 Sl(i) I 4 1 

ST(O) with ST(i) 

FUCOMP = Unordered compare 111011 10 111110 1 Sl(i) I 4 1 
ST(O) with ST(I) and Pop 

FUCOMPP ~ Unordered compare 111011 10 111110 1 100 11 5 1 

ST(O) with ST(I) and Pop Twice 

FXAM ~ Examine ST(O) 111011 00111110 a 1 a 11 8 

CONSTANTS 

FLDZ ~ Load + 0.0 Into ST(O) 11011 00 111110 11101 4 

FLDI ~ Load + 1.0 Into ST(O) 11011 00 111110 1000 I 4 

FLDPI ~ Load 71' Into ST(O) 11011 00 111110 10111 8 2 

FLDL2T ~ Load 1092(10) Into ST(O) 11011 00111110 10011 8 2 

FLDL2E ~ Load log2(e) Into ST(O) 11011 00 11111 a 10101 8 2 

FLDLG2 ~ Load logI0(2) Into ST(O) 111011 00 111110 1100 I 8 2 

FLDLN2 ~ Load log.(2) Into ST(O) 111011 00 11111 0 11011 8 2 

ARITHMETIC 

F ADD ~ Add Real with ST(O) 

Sl(O) +- Sl(O) + 32·bit memory 111011 oooimod 000 rim I s·i·b/disp. I 10(8-20) 2 7(5-17) 

Sl(O) +- Sl(O) + 64·bit memory 111011 100lmod 000 rim I s·i·bl disp. I 10(8-20) 3 7(5-17) 

Sl(O) +- Sl(O) + Sl(i) 111011 dooll1000 Sl(i) I 10(8-20) 7(5-17) 

FADDP ~ Add real with ST(O) and 111011 110 111000 ST(i) I 10(8-20) 7(5-17) 

Pop (ST(I) +- Sl(O) + ST(I» 

FSUB ~ Subtract real from ST(O) 

Sl(O) +- Sl(O) - 32·bit memory 111011 oooimod 100 rlml s·i·bl disp. I 10(8-20) 2 7(5-17) 

Sl(O) +- Sl(O) - 64·bit memory 111011 100lmod 100 rlml s·i·bl disp. I 10(8·20) 3 7(5-17) 

SlId) <- Sl(O) - Sl(i) 111011 dOO 11110 1 Sl(i) I 10(8-20) 7(5-17) 

FSUBP ~ Subtract real from ST(O) 111011 110 11110 1 Sl(i) I 10(8-20) 7(5-17) 

and Pop (ST(i) <- ST(O) - ST(I» 
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Table 10.3. i486™ Microprocessor Floating Point Clock Count Summary (Continued) 

Cache Hit Penalty If Concurrent 
Cache Miss Execution 

INSTRUCTION FORMAT Avg(Lower Avg(Lower Avg(Lower Notes 
Range .•• Range •.• Range ••• 

Upper Range) Upper Range) Upper Range) 

ARITHMETIC (Continued) 

FSUSR - Suhtic;;ct n~a: i~Vei5cd (Suulrilci ST(u) jrom reai) 

ST(O) <- 32·bit memory - ST(O) 1110 tt oooimod 101 rIm I s·j·bl disp. I 10(8-20) 2 7(5-17) 

ST(O) <- 64·bit memory - ST(O) Ittott 100lmod 101 rlml s-i-b/disp. I 10(8-20) 3 7(5-17) 

ST(d) <- ST(i) - ST(O) Ittott doolttl00 ST(i) I 10(8-20) 7(5-17) 

!=SU8R:P = Subt:'::.::~ rCAl i~."iS .. Q 
1 .. 0 •• 110! 1 i j 00 

__ I 
10(8-20) 7(5-17) I I I V I I ~lllll 

and Pop (ST(i) <- ST(i) - ST(O» 

FMUL ~ Multiply real with ST(O) 

ST(O) <- ST(O) x 32-bit memory 111011 oooimod 001 rIm I s-i-b/disp. I 11 2 8 

ST(O) .... ST(O) x 64-bit memory 111011 1001 mod 001 rlml s-i-b/disp. I 14 3 11 

ST(d) .... ST(O) x ST(i) 111011 doolttOOI ST(i) I 16 13 

FMULP ~ Multiply ST(O) with ST(I) 111011 110lttOOI ST(i) I 16 13 
and Pop (ST(I) .... ST(O) x ST(i» 

FDIV ~ Divide ST(O) by Real 

ST(O) .... ST(0)/32-bit memory 111011 000 I mod 110 rlml s-i·bl disp. I 73 2 70 3 

ST(O) .... ST(0)/64-bit memory 111011 1001 mod 100 rlml s-i-bl disp. I 73 3 70 3 

ST(d) .... ST(O)/ST(i) 111011 dooltttti ST(i) I 73 70 3 

FDIVP ~ Divide ST(O) by ST(I) and 111011 110111111 ST(i) I 73 70 3 
Pop (ST(I) .... ST(O)/ST(i» 

FDIVR ~ Divide real reversed (ReaIlST(O» 

ST(O) .... 32-bit memoryIST(O) 111011 0001 mod 111 rlml s-i-bl disp. I 73 2 70 3 

ST(O) <- 64-bit memoryIST(O) 111011 100lmod 111 rIm I s-I-b/disp. I 73 3 70 3 

ST(d) .... ST(i)/ST(O) 111 0 11 dOO 11111 0 ST(i) I 73 70 3 

FDIVRP ~ Divide real reversed and Ittott 110ltttto ST(i) I 73 70 3 
Pop (ST(I) .... ST(I)/ST(O» 

FIADD ~ Add Integer to ST(O) 

ST(O) .... ST(O) + 16-bit memory 1110tt ttolmod 000 rIm I s-i-bl disp. I 24(20-35) 2 7(5-17) 

ST(O) .... ST(O) + 32-bit memory 111011 ololmod 000 rlml s-i-bl disp. I 22.5(19-32) 2 7(5-17) 

FISUB ~ Subtract Integer from ST(O) 

ST(O) <- ST(O) - 16-bit memory 1110tt ttolmod 100 rlml s-i-bl disp. I 24(20-35) 2 7(5-17) 

ST(O) <- ST(O) - 32-bit memory Itt 0 11 ololmod 100 rIm I .-i-bl disp. I 22.5(19-32) 2 7(5-17) 

FISUBR ~ Integer Subtract Reversed 

ST(O) .... 16-bit memory - ST(O) 111011 ttolmod 101 rIm I .-I-bl dl.p. I 24(20-35) 2 7(5-17) 

ST(O) .... 32-bit memory - ST(O) Ittott ololmod 101 rlml .-I-bl dl.p. I 22.5(19-32) 2 7(5-17) 

FIMUL ~ Multiply Integer with ST(O) 

ST(O) <- ST(O) x 16-bit memory Ittott ttolmod 001 rlml .-i-b/disp. I 25(23-27) 2 8 

ST(O) <- ST(O) x 32-bit memory Ittott ololmod 001 rlml .-i-bl dlsp. I 23.5(22-24) 2 8 

FIDIV ~ Integer Divide 

ST(O) <- ST(0)116-bit memory Ittott ttolmod 110 rIm I .-I-bl dl.p. I 87(85-89) 2 70 3 

ST(O) <- ST(0)/32-bit memory Ittott ololmod 110 rlml .-I-bl disp. I 85.5(84-86) 2 70 3 
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Table 10.3. i486™ Microprocessor Floating Point Clock Count Summary (Continued) 

Cache Hit Penalty II Concurrent 
CacheMlss Execution 

INSTRUCTION FORMAT Avg(Lower Avg (Lower Avg(Lower Notes 
Range ••• Range •.• Range ••• 

Upper Range) Upper Range) Upper Range) 

ARITHMETIC (Continued) 

FIOIVR ~ Integer Divide Reversed 

ST(O) +- 16·bit memoryIST(O) 11011 1101 mod 111 r/ml s-j·b/disp. 1 87(85-89) 2 70 3 

ST(O) +- 32·bit memoryIST(O) 11011 010 mod 111 rim 1 s·i·b/disp. 1 85.5(84-86) 2 70 3 

FSQRT ~ Square Root 11011 001 1111 10101 85.5(83-87) 70 

FSCALE ~ Scale ST(O) by ST(1) 11011 001 1111 11011 31(30-32) 2 

FXTRACT ~ Extract components 11011 001 1111 01001 19(16-20) 4(2-4) 
oIST(O) 

FPREM ~ Partial Reminder 11011 001 1111 10001 84(70-138) 2(2-8) 

FPREM1 ~ Partial Reminder (IEEE) 11011 001 1111 01011 94.5(72-167) 5.5(2-18) 

FRNDINT ~ Round ST(O) to Integer 11011 001 1111 11001 29.1 (21-30) 7.4(2-8) 

00111110 00011 
I 

FABS ~ Absolute value 01 ST(O) 11011 3 

FCHS ~ Change sign 01 ST(O) 11011 00111110 00001 6 

TRANSCENDENTAL 

FCOS ~ Cosine 01 ST(O) 11011 001 1111 11111 313(257-354) 2 6,7 

FPTAN ~ Partial tangent 01 ST(O) 11011 001 1111 00101 244(200-273) 70 6,7 

FPATAN ~ Partial arctangent 11011 001 1111 00111 289(218-303) 5(2-17) 6 

FSIN ~ Sine 01 ST(O) 11011 001 1111 11101 313(257-354) 2 6,7 

FSINCOS ~ Sine and cosine 01 ST(O) 11011 001 1111 10111 336(292-365) 2 6,7 

F2XM 1 ~ 2ST(O) - 1 11011 00111111 00001 242(140-279) 2 6 

FYL2X ~ ST(1) x IOg2(ST(0» 11011 00111111 00011 311(196-329) 13 6 

FYL2XP1 ~ ST(1) x log2(ST(0) + 1.0) 11011 00111111 10011 313(171-326) 13 6 

PROCESSOR CONTROL 

FINIT ~ Initialize FPU 111011 01111110 00111 17 4 

FSTSW AX ~ Store status word 111011 11111110 00001 3 5 
into AX 

FSTSW ~ Store status word 111011 1011 mod 111 r/ml s-j-b/disp. 1 3 5 
into memory 

FLDCW = Load control word 111011 0011mod 101 rim 1 s-i-b/disp. 1 4 2 

FSTCW = Store control word 111011 0011 mod 111 r/ml s·i·b/disp. 1 3 5 

FCLEX = Clear exceptions 111011 01111110 00101 7 4 

FSTENV = Store environment 111011 0011mod 110 rim 1 s-i-b/disp. 1 
Real and Virtual modes 16-bit Address 67 4 
Real and Virtual modes 32-bit Address 67 4 
Protected mode 16-bit Address 56 4 
Protected mode 32-bit Address 56 4 

FLDENV = Load environment 111011 0011mod 100 rim 1 s-i-b/disp, 1 
Real and Virtual modes 16-bit Address 44 2 
Real and Virtual modes 32-bit Address 44 2 
Protected mode 16-bit Address 34 2 
Protected mode 32-bit Address 34 2 
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Table 103 i486™ Microprocessor Floating Point Clock Count Summary (Continued) 

Cache HII 
Penalty If Concurrent 

Cache Miss Execution 

INSTRUCTION FORMAT Avg(Lower Avg(Lower Avg(Lower Notes 
Range ••. Range ... Range ••• 

Upper Range) Upper Range) Upper Range) 

PROCESSOR CONTROL (Continued) 

FSAVE ~ Save slale 11 10 1 1 1011mOd 110 rlml s·i·bl disp. I 
Real and Virtual modes 16·bit Address 154 4 
Real and Virtual modes 32·bit Address 154 4 
Protected mode 16·bit Address 143 4 
Protected mode 32·bit Address 143 4 

FRSTOR ~ Reslore slale 111011 1011mod 100 rlml s·i·bl I 
Real and Virtual modes 16-bit Address 131 23 
Real and Virtual modes 32-bit Address 131 27 
Protected mode 16-bit Address 120 23 
Protected mode 32-bit Address 120 27 

FINCSTP ~ Incremenl Slack Polnler 111011 00111111 01111 3 

FDECSTP ~ Decremenl Slack Polnler 11 1 0 1 1 00111111 01101 3 

FFREE ~ Free ST(I) 111011 101111000 ST(i) I 3 

FNOP = No operations 111011 00111101 0000 I 3 

WAIT ~ Wail unlil FPU ready I 10011011 I 
(Minimum/Maximum) 1/3 

NOTES: 
1. If operand is a clock counts = 27. 
2. If operand is a clock counts = 28. 
3. If CW.PC indicates 24 bit precision then subtract 38 clocks. 

If CW.PC indicates 53 bit precision then subtract 11 clocks. 
4. If there is a numeric error pending from a previous instruction add 17 clocks. 
5. If there is a numeric error pending from a previous instruction add 18 clocks. . 
6. The INT pin is polled several times while this instruction is executing to assure short Interrupt latency. 
7. If ABS(operand) is greater than 7T/4 then add n clocks. Where n = (operand/(7T/4)). 

encodings of the mod rim byte indicate a second 
10.2 Instruction Encoding addressing byte, the scale-index-base byte, follows 

the mod rim byte to fully specify the addressing 
10.2.1 OVERVIEW mode. 

All instruction encodings are subsets of the general 
instruction format shown in Figure 10.1. Instructions 
consist of one or two primary opcode bytes, possibly 
an address specifier consisting of the "mod rim" 
byte and "scaled index" byte, a displacement if re­
quired, and an immediate data field if required. 

Within the primary opcode or opcodes, smaller en­
coding fields may be defined. These fields vary ac­
cording to the class of operation. The fields define 
such information as direction of the operation, size 
of the displacements, register encoding, or sign ex­
tension. 

Almost all instructions referring to an operand in 
memory have an addressing mode byte following 
the primary opcode byte{s). This byte, the mod rim 
byte, specifies the address mode to be used. Certain 
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Addressing modes can include a displacement im­
mediately following the mod rim byte, or scaled in­
dex byte. If a displacement is present, the possible 
sizes are 8, 16 or 32 bits. 

If the instruction specifies an immediate operand, 
the immediate operand follows any displacement 
bytes. The immediate operand, if specified, is always 
the last field of the instruction. 

Figure 10.1 illustrates several of the fields ~hat can 
appear in an instruction, such as the mod flel~ and 
the rim field, but the Figure does not show all fields. 
Several smaller fields also appear in certain instruc­
tions, sometimes within the opcode bytes them­
selves. Table 10.4 is a complete list of all fields ap­
pearing in the 486 Microprocessor instruction set. 
Further ahead, following Table 10.4, are detailed ta­
bles for each field. 
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ITTTTTTTT I TTTTTTTT I mod TTT rim I ss index base Id32i1.6iSi none data32i16isi none 

{ 07 0),765320),765320/\ J, J 
~ ________ ~ ________ -J T T ----~------- ~----~T----~ 

opcode , "mod rim" 
byte 

"s-i-b" 
byte 

) 

immediate 
data (one or two bytes) 

(T represents an 
opcode bit.) register and address 

mode specifier 

address 
displacement 
(4, 2, 1 bytes 

or none) 
(4, 2, 1 bytes 

or none) 

Figure 10.1. General Instruction Format 

Table 10.4. Fields within i486™ Microprocessor Instructions 

Field Name Description Number of Bits 

w Specifies if Data is Byte or Full Size (Full Size is either 16 or 32 Bits 1 
d Specifies Direction of Data Operation 1 
s Specifies if an Immediate Data Field Must be Sign·Extended 1 
reg General Register Specifier 3 
mod rim Address Mode Specifier (Effective Address can be a General Register) 2 for mod; 

3 for rim 
ss Scale Factor for Scaled Index Address Mode 2 
index General Register to be used as Index Register 3 
base General Register to be used as Base Register 3 
sreg2 Segment Register Specifier for CS, SS, OS, ES 2 
sreg3 Segment Register Specifier for CS, SS, OS, ES, FS, GS 3 
tttn For Conditional Instructions, Specifies a Condition Asserted 

or a Condition Negated 

NOTE: 
Tables 10.1-10.3 show encoding of individual instructions. 

10.2.2 32-BIT EXTENSIONS OF THE 
INSTRUCTION SET 

With the 4S6 Microprocessor, the S086/801861 
80286 instruction set is extended in two orthogonal 
directions: 32-bit forms of all 16-bit instructions are 
added to support the 32-bit data types, and 32-bit 
addressing modes are made available for all instruc­
tions referencing memory. This orthogonal instruc­
tion set extension is accomplished having a Default 
(D) bit in the code segment descriptor, and by hav­
ing 2 prefixes to the instruction set. 

Whether the instruction defaults to operations of 16 
bits or 32 bits depends on the setting of the 0 bit in 
the code segment descriptor, which gives the de­
fault length (either 32 bits or 16 bits) for both oper­
ands and effective addresses when executing that 
code segment. In the Real Address Mode or Virtual 
8086 Mode, no code segment descriptors are used, 
but a 0 value of 0 is assumed internally by the 486 
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Microprocessor when operating in those modes (for 
16-bit default sizes compatible with the 80861 
80186/80286). 

Two prefixes, the Operand Size Prefix and the Effec­
tive Address Size Prefix, allow overriding individually 
the Default selection of operand size and effective 
address size. These prefixes may precede any op­
code bytes and affect only the instruction they pre­
cede. If necessary, one or both of the prefixes may 
be placed before the opcode bytes. The presence of 
the Operand Size Prefix and the Effective Address 
Prefix will toggle the operand size or the effective 
address size, respectively, to the value "opposite" 
from the Default setting. For example, if the default 
operand size is for 32-bit data operations, then pres­
ence of the Operand Size Prefix toggles the instruc­
tion to 16-bit data operation. As another example, if 
the default effective address size is 16 bits, pres­
ence of the Effective Address Size prefix toggles the 
instruction to use 32-bit effective address computa­
tions. 
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These 32-bit extensions are available in all 486 Mi­
croprocessor modes, including the Real Address 
Mode or the Virtual 8086 Mode. In these modes the 
default is always 16 bits, so prefixes are needed to 
specify 32-bit operands or addresses. For instruc­
tions with more than one prefix, the order of prefixes 
is unimportant. 

Unless specified otherwise, instructions with 8-bit 
and 16-bit operands do not affect the contents of 
the high-order bits of the extended registers. 

10.2.3 ENCODING O!= !NTEGER 
INSTRUCTION FIELDS 

Within the instruction are several fields indicating 
register selection, addressing mode and so on. The 
exact encodings of these fields are defined immedi­
ately ahead. 

10.2.3.1 Encoding of Operand Length (w) Field 

For any given instruction performing a data opera­
tion, the instruction is executing as a 32-bit operation 
or a 16-bit operation. Within the constraints of the 
operation size, the w field encodes the operand size 
as either one byte or the full operation size, as 
shown in the table below. 

Operand Size Operand Size 
wField During 16·Bit During 32·Bit 

Data Operations Data Operations 

0 8 Bits 8 Bits 
1 16 Bits 32 Bits 

10.2.3.2 Encoding of the General 
Register (reg) Field 

The general register is specified by the reg field, 
which may appear in the primary opcode bytes, or as 
the reg field of the "mod rim" byte, or as the rim 
field of the "mod rim" byte. 
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Encoding of reg Field When w Field 
is not Present in Instruction 

Register Selected Register Selected 
reg Field During 16·Bit During 32·Bit 

000 
001 
010 
011 
100 
101 
101 
101 

reg 

000 
001 
010 
011 
100 
101 
110 
111 

reg 

000 
001 
010 
011 
100 
101 
110 
111 

Data Operations 
AV ,.v, 
CX 
OX 
BX 
SP 
BP 
SI 
01 

Data Operations 

EAX 
ECX 
EOX 
EBX 
ESP 
EBP 
ESI 
EOI 

Encoding of reg Field When w Field 
is Present in Instruction 

Register Specified by reg Field 
During 16·Bit Data Operations: 

Function of w Field 

(when w = 0) (when w = 1) 

AL AX 
CL CX 
OL OX 
BL BX 
AH SP 
CH BP 
OH SI 
BH 01 

Register Specified by reg Field 
During 32·Bit Data Operations 

Function of w Field 

(when w = 0) (when w = 1) 

AL EAX 
CL ECX 
OL EOX 
BL EBX 
AH ESP 
CH EBP 
OH ESI 
BH EOI 



intJ i486™ MICROPROCESSOR 

10.2.3.3 Encoding of the Segment 
Register (sreg) Field 

The sreg field in certain instructions is a 2-bit field 
allowing one of the four 80286 segment registers to 
be specified. The sreg field in other instructions is a 
3-bit field, allowing the 486 Microprocessor FS and 
GS segment registers to be specified. 

2-Bit sreg2 Field 

2-Bit 
Segment 

sreg2 Field 
Register 
Selected 

00 ES 
01 CS 
10 SS 
11 DS 

3-Bit sreg3 Field 

3-Bit 
Segment 

sreg3 Field 
Register 
Selected 

000 ES 
001 CS 
010 SS 
011 DS 
100 FS 
101 GS 
110 do not use 
111 do not use 
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10.2.3.4 Encoding of Address Mode 

Except for special instructions, such as PUSH or 
POP, where the addressing mode is pre-determined, 
the addressing mode for the current instruction is 
specified by addressing bytes following the primary 
opcode. The primary addressing byte is the "mod 
rim" byte, and a second byte of addressing informa­
tion, the "s-i-b" (scale-index-base) byte, can be 
specified. 

The s-i-b byte (scale-index-base byte) is specified 
when using 32-bit addressing mode and the "mod 
rim" byte has rim = 100 and mod = 00,01 or 10. 
When the sib byte is present, the 32-bit addressing 
mode is a function of the mod, ss, index, and base 
fields. 

The primary addressing byte, the "mod rim" byte, 
also contains three bits (shown as TTT in Figure 
10.1) sometimes used as an extension of the pri­
mary opcode. The three bits, however, may also be 
used as a register field (reg). 

When calculating an effective address, either 16-bit 
addressing or 32-bit addressing is used. 16-bit ad­
dressing uses 16-bit address components to calcu­
late the effective address while 32-bit addressing 
uses 32-bit address components to calculate the ef­
fective address. When 16-bit addressing is used, the 
"mod rim" byte is interpreted as a 16-bit addressing 
mode specifier. When 32-bit addressing is used, the 
"mod rim" byte is interpreted as a 32-bit addressing 
mode specifier. 

Tables on the following three pages define all en­
codings of all 16-bit addressing modes and 32-bit 
addressing modes. 
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Encoding of 16·bit Address Mode with "mod rIm" Byte 

mod rIm Effective Address mod rIm Effective Address 

00000 OS:[BX+SI] 10000 OS:[BX+SI+d16] 
00001 OS:[BX+OI] 10001 OS: [BX + 01 + d16] 
nn n-tn SS:[8P+SI] vv VIV 

.. nn .. " C"'C"o.rnn t ("\1 I ...J .. ~1 
IVV IV ..:l..:J.Ll:1rTvl'U IUJ 

00011 SS:[BP+OI] 10011 SS:[BP+01+d16] 
00100 OS:[SI] 10100 OS: [SI + d16] 
00101 OS:[OI] 10101 OS: [01 + d16] 
00110 OS:d16 10110 SS:[BP+d16] 
00111 OS:[BX] 10 111 OS:[BX+d16] 

01000 OS: [BX + SI + d8] 11 000 register-see below 
01001 OS: [BX + 01 + d8] 11 001 register-see below 
01010 SS:[BP+SI+d8] 11 010 register-see below 
01011 SS: [BP + 01 + d8] 11 011 register-see below 
01 100 OS:[SI+d8] 11100 register-see below 
01101 OS:[01+d8] 11 101 register-see below 
01110 SS:[BP+d8] 11 110 register-see below 
01 111 OS:[BX+d8] 11 111 register-see below 

Register Specified by rIm Register Specified by rIm 
During 16·Bit Data Operations During 32·Bit Data Operations 

mod rIm Function of w Field 
mod rIm Function of w Field 

(when w=O) (when w = 1) (whenw=O) (when w = 1) 

11 000 AL AX 11 000 AL EAX 
11 001 CL CX 11 001 CL ECX 
11 010 OL OX 11 010 OL EOX 
11 011 BL BX 11 011 BL EBX 
11 100 AH SP 11 100 AH ESP 
11 101 CH BP 11 101 CH EBP 
11 110 OH SI 11 110 OH ESI 
11 111 BH 01 11 111 BH EOI 
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Encoding of 32-bit Address Mode with "mod rIm" byte (no "s-i-b" byte present): 

mod rIm Effective Address mod rIm Effective Address 

00000 DS:[EAX] 10000 DS: [EAX + d32] 
00001 DS:[ECX] 10001 DS: [ECX + d32] 
00010 DS:[EDX] 10010 DS: [EDX + d32] 
00011 DS:[EBX] 10011 DS: [EBX + d32] 
00100 s-i-b is present 10100 s-i-b is present 
00101 DS:d32 10101 SS: [EBP + d32] 
00110 DS:[ESI] 10110 DS: [ESI + d32] 
00111 DS:[EDIl 10 111 DS: [ED I + d32] 

01000 DS: [EAX + dB] 11000 register-see below 
01001 DS: [ECX + dB] 11001 register-see below 
01 010 DS: [EDX + dB] 11010 register-see below 
01011 DS: [EBX + dB] 11 011 register-see below 
01 100 s-i-b is present 11100 register-see below 
01101 SS:[EBP+dB] 11 101 register-see below 
01 110 DS: [ESI + dB] 11 110 register-see below 
01 111 DS: [EDI + dB] 11 111 register-see below 

Register Specified by reg or rIm Register Specified by reg or rIm 
during 16-Bit Data Operations: during 32-Bit Data Operations: 

mod rIm 
Function of w field 

mod rIm 
Function of w field 

(whenw=O) (when w= 1) (whenw=O) (when w= 1) 

11 000 AL AX 11 000 AL EAX 
11001 CL CX 11 001 CL ECX 
11010 DL DX 11 010 DL EDX 
11 011 BL BX 11 011 BL EBX 
11 100 AH SP 11 100 AH ESP 
11 101 CH BP 11 101 CH EBP 
11 110 DH SI 11 110 DH ESI 
11 111 BH DI 11 111 BH EDI 
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Encoding of 32-bit Address Mode ("mod rIm" byte and "s-i-b" byte present): 

mod base Effective Address 

00000 OS: [EAX + (scaled index)) 
00001 OS: [ECX + (scaled index)] 
00010 OS: [EOX + (scaled index)] 
00011 OS: [ESX + (scaled index)) 
00100 SS: [ESP + (scaled index)] 
00101 OS: [d32 + (scaled index)] 
00110 OS: [ESI + (scaled index)] 
00111 OS: [EOI + (scaled index)] 

01000 OS: [EAX + (scaled index) + dB] 
01001 OS: [ECX + (scaled index) + dB] 
01010 OS: [EOX + (scaled index) + dB] 
01011 OS: [ESX + (scaled index) + dB] 
01100 SS: [ESP + (scaled index) + dB] 
01101 SS: [ESP + (scaled index) + dB] 
01110 OS: [ESI + (scaled index) + dB] 
01 111 OS: [EOI + (scaled index) + dB] 

10000 OS: [EAX + (scaled index) + d32] 
10001 OS: [ECX + (scaled index) + d32] 
10010 OS: [EOX + (scaled index) + d32] 
10011 OS: [ESX + (scaled index) + d32] 
10100 SS: [ESP + (scaled index) + d32] 
10101 SS: [ESP + (scaled index) + d32] 
10110 OS: [ESI + (scaled index) + d32] 
10111 OS: [EOI + (scaled index) + d32] 

NOTE: 
Mod field in "mod rim" byte; ss, index, base fields in 
"s-i-b" byte. 
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ss 

00 
01 
10 
11 

index 

000 
001 
010 
011 
100 
101 
110 
111 

"IMPORTANT NOTE: 

Scale Factor 

x1 
x2 
x4 
xB 

Index Register 

EAX 
ECX 
EOX 
ESX 

no index reg" 
ESP 
ESI 
EOI 

When index field is 100, indicating "no index register," then 
ss field MUST equal 00. If index is 100 and ss does not 
equal 00, the effective address is undefined. 
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10.2.3.5 Encoding of Operation 
Direction (d) Field 

In many two-operand instructions the d field is pres­
ent to indicate which operand is considered the 
source and which is the destination. 

d Direction of Operation 

0 Register/Memory <- - Register 
"reg"Field Indicates Source Operand; 
"mod r/m" or "mod ss index base" Indicates 
Destination Operand 

1 Register <- - Register/Memory 
"reg" Field Indicates Destination Operand; 
"mod r/m" or "mod ss index base" Indicates 
Source Operand 

10.2.3.6 Encoding of Sign-Extend (s) Field 

The s field occurs primarily to instructions with im­
mediate data fields. The s field has an effect only if 
the size of the immediate data is 8 bits and is being 
placed in a 16-bit or 32-bit destination. 

Effect on Effect on 
s Immediate Immediate 

DataS Data 16132 

0 None None 

1 Sign-Extend Data8 to Fill None 
16-8it or 32-8it Destination 

10.2.3.7 Encoding of Conditional 
Test (tttn) Field 

For the conditional instructions (conditional jumps 
and set on condition). tttn is encoded with n indicat­
ing to use the condition (n = 0) or its negation (n = 1). 
and ttt giving the condition to test. 
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Mnemonic Condition 

0 Overflow 
NO No Overflow 
B/NAE Below/Not Above or Equal 
NB/AE Not Below/Above or Equal 
E/Z Equal/Zero 
NE/NZ Not Equal/Not Zero 
BE/NA Below or Equal/Not Above 
NBE/A Not Below or Equal/Above 
S Sign 
NS Not Sign 
PIPE Parity/Parity Even 
NP/PO Not Parity/Parity Odd 
LlNGE Less Than/Not Greater or Equal 
NLIGE Not Less Than/Greater or Equal 
LEING Less Than or Equal/Greater Than 
NLE/G Not Less or Equal/Greater Than 

10.2.3.S Encoding of Control or Debug 
or Test Register (eee) Field 

tun 

0000 
0001 
0010 
0011 
0100 
0101 
0110 
0111 
1000 
1001 
1010 
1011 
1100 
1101 
1110 
1111 

For the loading and storing of the Control. Debug 
and Test registers. 

When Interpreted as Control Register Field 

eee Code Reg Name 

000 CRO 
010 CR2 
011 CR3 

Do not use any other encoding 

When Interpreted as Debug Register Field 

eeeCode Reg Name 

000 DRO 
001 DR1 
010 DR2 
011 DR3 
110 DR6 
111 DR? 

Do not use any other encoding 

When Interpreted as Test Register Field 

eeeCode Reg Name 

011 TR3 
100 TR4 
101 TR5 
110 TR6 
111 TR? 

Do not use any other encoding 
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Instruction 

1 

2 

3 

4 

5 

11011 

11011 

1101i 

11011 

11011 

15-11 

First Byte 

OPA 1 

MF OPA 

d P OPA 

0 0 1 

0 1 1 

10 9 8 

10.2.4 ENCODING OF FLOATING POINT 
INSTRUCTION FIELDS 

mod 

mod 

i 

1 

1 

7 

Instructions for the FPU assume one of the five 
forms shown in the following table. In all cases, in­
structions are at least two bytes long and begin with 
the bit pattern 11011 B. 

OP = Instruction opcode, possible split into two 
fields OPA and OPB 

MF = Memory Format 
00-32-bit real 
01-32-bit integer 
10-64-bit real 
11-16-bit integer 

P = Pop 
0-00 not pop stack 
1-Pop stack after operation 

d = Destination 
O-Destination is ST(O) 
1-Destination is ST(i) 

R XOR d = O-Destination (op) Source 
R XOR d = 1-Source (op) Destination 

ST(i) = Register stack element i 
000 = Stack top 
001 = Second stack element 

• 
• 
• 

111 = Eighth stack element 

mod (Mode field) and rim (Register/Memory specifi­
er) have the same interpretation as the correspond­
ing fields of the integer instructions. 

s-i-b (Scale Index Base) byte and disp (displace­
ment) are optionally present in instructions that have 
mod and rim fields. Their presence depends on the 
values of mod and rim, as for integer instructions. 

Optional 

Second Byte Fields 

1 I OPS rim s-i-b 1 disp 

OPS rim s-i-b I disp 

i OP8 ST{i) 

1 1 1 OP 

1 1 I OP 

6 5 43210 

11.0 DIFFERENCES BETWEEN THE 
i486™ MICROPROCESSOR AND 
THE 386™ MICROPROCESSOR 
PLUS THE 387TM NUMERICS 
COPROCESSOR 

The differences between the 486 microprocessor 
and the 386 microprocessor are due to performance 
enhancements. The differences between the micro­
processors are listed below. 

1. Instruction clock counts have been reduced to 
achieve higher performance. See Section 10. 

2. The 486 microprocessor bus is significantly fast­
er than the 386 microprocessor bus. Differences 
include a 1 X clock, parity support, burst cycles, 
cacheable cycles, cache invalidate cycles and 
8-bit bus support. The Hardware Interface and 
Bus Operation Sections (Sections 6 and 7) of 
the data sheet should be carefully read to un­
derstand the 486 microprocessor bus function­
ality. 

3. To support the on-chip cache new bits have 
been added to control register 0 (CE and WT) 
(Section 2.1.2.1), new pins have been added to 
the bus (Section 6) and new bus cycle types 
have been added (Section 7). The on-chip 
cache needs to be enabled after reset by setting 
the CE and WT bit in CRO. 

4. The complete 387 math coprocessor instruction 
set and register set have been added. No 1/0 
cycles are performed during Floating Point in­
structions. The instruction and data pointers are 
set to 0 after FINIT/FSAVE. Interrupt 9 can no 
longer occur, interrupt 13 occurs instead. 

5. The 486 microprocessor supports new floating 
point error reporting modes to guarantee DOS 
compatibility. These new modes required a new 
bit in control register 0 (NE) (Section 2.1.2.1) 
and new pins (FERR# and IGNNE#) (Section 
6.2.13 and 7.2.14). 

164 



intJ i486TM MICROPROCESSOR 

6. Six new instructions have been added: 

Byte Swap (BSWAP) 

Exchange-and-Add (XADD) 

Compare and Exchange (CMPXCHG) 

Invalidate Data Cache (INVD) 

Write-back and Invalidate Data Cache 
(WBINVD) 

Invalidate TLB Entry (INVLPG) 

7. There are two new bits defined in control regis­
ter 3, the page table entries and page directory 
entries (PCD and PWT) (Section 4.5.2.5). 

8. A new page protection feature has been added. 
This feature required a new bit in control register 
o (WP) (Section 2.1.2.1 and 4.5.3). 

9. A new Alignment Check feature has been add­
ed. This feature required a new bit in the flags 
register (AC) (Section 2.1.1.3) and a new bit in 
control register 0 (AM) (Section 2.1.2.1). 

10. The replacement algorithm for the translation 
lookaside buffer has been changed to a pseudo 
least recently used algorithm like that used by 
the on-chip cache. See Section 5.5 for a de­
scription of the algorithm. 

11. Three new testability registers, TR5, TR6 and 
TR7, have been added for testing the on-chip 
cache. TLB testability has been enhanced. See 
Section 8. 

12. The prefetch queue has been increased from 16 
bytes to 32 bytes. A jump always needs to exe­
cute after modifying code to guarantee correct 
execution of the new instruction. 

13. After reset, the ID in the upper byte of the DX 
register is 04. The contents of the base regis­
ters including the floating point registers may be 
different after reset. 

12.0 ELECTRICAL DATA 

The following sections describe recommended elec­
trical connections for the 486 microprocessor, and 
its electrical specifications. 

12.1 Power and Grounding 

12.1.1 POWER CONNECTIONS 

The 486 microprocessor is implemented in CHMOS 
IV technology and has modest power requirements. 
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However, its high clock frequency output buffers can 
cause power surges as multiple output buffers drive 
new signal levels simultaneously. For clean on-chip 
power distribution at high frequency, 24 Vee and 28 
Vss pins feed the 486 microprocessor. 

Power and ground connections must be made to all 
external Vee and GND pins of the 486 microproces­
sor. On the circuit board, all Vee pins must be con­
nected on a Vee plane. All Vss pins must be like­
wise connected on a GND plane. 

12.1.2 POWER DECOUPLING 
RECOMMENDATIONS 

Liberal decoupling capacitance should be placed 
near the 486 microprocessor. The 486 microproces­
sor driving its 32-bit parallel address and data bus­
ses at high frequencies can cause transient power 
surges, particularly when driving large capacitive 
loads. 

Low inductance capacitors and interconnects are 
recommended for best high frequency electrical per­
formance. Inductance can be reduced by shortening 
circuit board traces between the 486 microproces­
sor and decoupling capacitors as much as possible. 
Capacitors specifically for PGA packages are also 
commercially available. 

12.1.3 OTHER CONNECTION 
RECOMMENDATIONS 

N.C. pins should always remain unconnected. 

For reliable operation, always connect unused in­
puts to an appropriate signal level. Active LOW in­
puts should be connected to Vee through a pullup 
resistor. Pull ups in the range of 20 K!1 are recom­
mended. Active HIGH inputs should be connected to 
GND. 

12.2 Maximum Ratings 

Table 12.1 is a stress rating only, and functional op­
eration at the maximums is not guaranteed. Function 
operating conditions are given in 12.3 D.C. Specifi­
cations and 12.4 A.C. Specifications. 

Extended exposure to the Maximum Ratings may af­
fect device reliability. Furthermore, although the 486 
microprocessor contains protective circuitry to resist 
damage from static electric discharge, always take 
precautions to avoid high static voltages or electric 
fields. 
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Table 12.1. Absolute Maximum Ratings 

Case Temperature under Bias ....... O°C to + 85°C 

Storage Temperature .......... - 65°C to + 150°C 

Voltage on Any Pin with 
Respect to Ground ......... - 0.5 to V CC + 0.5V 

Power Dissipation at 25 MHz .................. 5W 

Power Dissipation at 33 MHz .................. 6W 

12.3 D.C. Specifications 
Functional Operating Range: Vcc = 5V ± 5%; T CASE = O°C to + 85°C 

Table 12.2. DC Parametric Values 

Symbol Parameter ax Unit Notes 

VIL Input low Voltage V 
VIH Input High Voltage V 

VOL Output low Voltage V (Note 1) 
VOH Output High Voltage V (Note 2) 

Icc Power Supply Current (25 MHz) 900 mA (Note 3) 
Power Supply Current (33 M 1200 

III Input leakage Current ±15 /LA (Note 4) 

IIH Input leakage Curren 200 /LA (Note 5) 

IlL Input leakage Cu~ -400 /LA (Note 6) 
ILO Output leakage ±15 /LA 
CIN Input Capacita'nc 16 pF 
Co 1/0 or Output Cap 16 pF 

CCLK ClK Capacitance 16 pF 

NOTES: 
1. This parameter is measured at: 

Address, Data, BEn 4.0 mA 
Definition, Control 5.0 mA 

2. This parameter is measured at: 
Address, Data, BEn 1.0 mA 
Definition, Control 0.9 mA 

3. Typical supply current 650 mA. 
4. This parameter is for inputs without pullups or pulldowns and 0 ,;; VIN ,;; Vce. 
5. This parameter is for inputs with pulldowns and VIH = 2.4V. 
6. This parameter is for inputs with pull ups and VIL = 0.45V. 

12.4 A.C. Specifications 

The AC. specifications, given in Table 12.3, consist 
of output delays, input setup requirements and input 
hold requirements. All A.C. specifications are rela­
tive to the rising edge of the ClK signal. 

AC. specifications measurement is defined by Fig­
ures 12.1-12.3. Inputs must be driven to the voltage 
levels indicated by Figure 12.3 when AC. specifica-
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tions are measured. 486 microprocessor output de­
lays are specified with minimum and maximum limits, 
measured as shown. The minimum 486 microproc­
essor delay times are hold times provided to exter­
nal circuitry. 486 microprocessor input setup and 
hold times are specified as minimums, defining the 
smallest acceptable sampling window. Within the 
sampling window, a synchronous input Signal must 
be stable for correct 486 microprocessor operation. 
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Table 12.3.25 MHz i486 Microprocessor A.C. Characteristics 

Vee = 5V ±5%; Tease = O°C to + 85°C; CI = 50 pF unless otherwise specified 

Symbol Parameter Min Max Unit Figure Notes 

Frequency 8 25 MHz 1 X Clock Driven to 486 

t1 ClK Period 40 125 ns 12.1 

t1a ClK Period Stability 0.1% t;. Adjacent Clocks 

t2 ClK High Time 14 ns 12.1 at2V 

t3 ClKlowTime 14 ns 12.1 at 0.8V 

t4 ClK Fall Time 4 ns 

t5 ClK Rise Time 4 ns 

ts A2-A31, PWT, PCD, BEO-3 #, 3 22 ns 
M/IO#, D/C#, W/R#, ADS#, 
lOCK#,FERR#,BREQ,HlDA 
Valid Delay 

t7 A2-A31, PWT, PCD, BEO-3#, 0 
M/IO#, D/C#, W/R#, ADS#, 
lOCK# Float Delay 

te PCHK# Valid Delay 

tea BlAST#, PlOCK# Valid Delay 

t9 BlAST#, PlOCK# Float Delay Before Clock Edge 

t10 DO-D31, DPO-3 Write Data Valid 
Delay 

t11 DO-D31, DPO-3 Write 12.2 Before Clock Edge 
Delay 

t12 12.3 

t13 ns 12.3 

t14 ns 12.3 

t15 KEN#, ns 12.3 

t16 RO,¥0¥ , 8 ns 12.3 

t17 3 ns 12.3 

t1e , BOFF # Setup Time 10 ns 12.3 

t19 HOLD, AHOlD, BOFF # Hold Time 3 ns 12.3 

t20 RESET, FlUSH#, A20M#, NMI, 10 ns 12.3 
INTR, IGNNE# Setup Time 

t21 RESET, FlUSH#, A20M#, NMI, 3 ns 12.3 
INTR, IGNNE# Hold Time 

t22 DO-D31, DPO-3, A4-A31 Read 5 ns 12.3 
Setup Time 

t23 DO-D31, DPO-3, A4-A31 Read 3 ns 12.3 
Hold Time 
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Table 12.3.33 MHz i486 Microprocessor D.C. Characteristics 

Vee = 5V ±5%; Tease = O°C to + 85°C; C, = 50 pF unless otherwise specified 

Symbol Parameter Min Max Unit Figure Notes 

Frequency 8 33 MHz 1 X Clock Driven to 486 

tl ClK Period 30 125 ns 12.1 

tla ClK Period Stability 0.1% t:.. Adjacent Clocks 

t2 ClK High Time 11 ns 12.1 at2V 

t3 ClK low Time 11 ns 12.1 at 0.8V 

t4 ClK Fall Time 3 ns 12.1 

t5 ClK Rise Time 3 ns 12.1 

t6 A2-A31, PWT, PCD, BEO-3#, 3 19 ns 
M/IO#, D/C#, W/R#, ADS#, 
lOCK#,FERR#,BREQ,HlDA 
Valid Delay 

t7 A2-A31, PWT, PCD, BEO-3#, 0 
M/IO#, D/C#, W/R#, ADS#, 
lOCK # Float Oelay 

te PCHK# Valid Oelay 3 

tea BlAST#, PlOCK# Valid Oelay 

t9 BLAST #, PLOCK # Float Oelay Before Clock Edge 

tlO 00-031, OPO-3 Write Oata Valid 
Oelay 

tll Before Clock Edge 

t12 12.3 

t13 12.3 

t14 ns 12.3 

t15 ns 12.3 

t16 ns 12.3 

t17 ns 12.3 

tle 8 ns 12.3 

t19 3 ns 12.3 

t20 RESET, FlUSH#, A20M#, NMI, 8 ns 12.3 
INTR, IGNNE# Setup Time 

t21 RESET, FlUSH#, A20M#, NMI, 3 ns 12.3 
INTR, IGNNE# Hold Time 

t22 00-031, DPO-3, A4-A31 Read 5 ns 12.3 
Setup Time 

t23 00-031, OPO-3, A4-A31 Read 3 ns 12.3 
Hold Time 
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240440-45 
tx = input setup times 
ty = input hold times. output float. valid and hold times 

Figure 12.1. elK Waveforms 

ClK L (PH1) \ (PH2) -I JlL1.5V '---_1.:.;1 

ClK 

ty = t12. 114. t16. 118. 120. t22 
tz = t13. 115. 117. t19. t21. 123 

'~;~'j-l-'5-V------.t ,m..., --1 

Figure 12.2. Output Waveforms 

Figure 12.3. Input Waveforms 
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12.4.1 Typical Output Valid Delay versus Load 
Capacitance Under Worst Case 
Conditions 

NOTE: 

'iii' 
;.5. 
~ notTl+4 ;------1---+--+----;;: 

'" '" l-
i[ nom+2 1--1--
I­
:> 
o 
....I 

tl 
~ 

240440-75 

This graph will not be linear outside of the CL range shown. 
non = nominal value given in A.C. Characteristics table. 

12.4.2 Typical Output Rise Time versus Load 
Capacitance Under Worst-Case 
Conditions 

7r--r-----,r-----,-----,-~ 

NOTE: 

> a 
N 

~ 
ci 

6r--r--r--r--7Fc 
5r--r--r-~~ 

4 r--r---7'F--

150 

240440-76 

This graph will not be linear outside of the CL range shown. 

12.5 Designing for ICD-486 
(Advance Information) 

The ICD·486 (In·Circuit Debugger) is a hardware as· 
sisted debugger for the 486 CPU. To use the ICD-
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486, the 486 CPU component must be removed 
from its socket replaced with the ICD-486 module. 
Because of the high operating frequency of 486 CPU 
systems, there is no buffering of signals between the 
486 CPU in the ICD-486 and the target system. A 
direct result of the non-buffered interconnect is that 
the ICD-486 shares the address and data bus of the 
target system. In order for the ICD-486 to function 
properly (without the Optional Isolation Board in­
stalled), the design of the target system must meet 
the following restrictions: 

1. The bus controller must only enable data trans­
ceivers onto the data bus during valid read cycles 
of the 486 CPU, other local devices, or other bus 
masters. 

2. Before another bus master drives the localproc­
essor address bus, the other bus master must 
gain access to the address bus through the use 
of HOlD-HlDA, AHOlD, or BOFF#. 

In addition to the above restrictions, the ICD-486 has 
several electrical and mechanical characteristics 
that should be taken into consideration when de­
signing the 486 CPU system. 

Capacitive loading: ICD-486 adds up to 30 pF to the 
ClK signal, and up to 20 pF to each of the other 486 
CPU signals. 

DC loading: ICD-486 adds ± 15 p.A loading to the 
ClK and data bus signals and ± 5 p.A loading to the 
address and control signals. 

Power Requirements: For noise immunity and 
CMOS latch-up protection the ICD-486 is powered 
by the target system through the power and ground 
pins of the 486 CPU socket. The circuitry on the 
ICD-486 draws up to 1.3A excluding the 486 CPU 
ICC· 

No Connects: Pins specified as N.C. in the 486 CPU 
pin description must be left unconnected. Connec­
tion of any of these pins to power, ground, or any 
other signal may cause the processor or the ICD-
486 to malfunction. 

486 CPU location and Orientation: The ICD-486 
may require lateral clearance. Figure 12.4 shows the 
clearance requirements of the ICD-486. 
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Optional Isolation Board (OIB) 

Due to its unbuffered design, the ICD-486 is suscep­
tible to errors on the target system's bus. The alB 
installs between the ICD-486 and 486 CPU socket in 
the target system and allows the ICD-486 to function 
in systems with faults (Le., shorted signals). After 
electrical verification the alB may be removed. The 
alB has the following electrical and mechanical 
characteristics: 

Buffer Characteristics: The alB buffers the address 
and data busses as well as the byte enables, ADS # , 
W/R#, M/IO#, BLAST#, and HLDA. The buffers 
are advanced CMOS devices and have the following 
DC drive specifications: IOH = -15 mA. IOL = 
64 mA. The propagation delay of each buffer is 5 ns 
max driving a 50 pF load. To guarantee proper oper-
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ation with the alB, the clock period should be in­
creased by the round trip buffer delay (10 ns) unless 
the target system design already has enough timing 
margin. 

Unbuffered Signals: Signals not listed above as buff­
ered are passed through the alB and will have addi­
tional capacitive loading due to the connectors and 
circuit board of up to 10 pF. 

Power Requirements: The OIB is also powered by 
the target system through the 486 CPU socket and 
requires 0.5A in addition to the ICD-486 and 486 
CPU requirements. 

alB Clearance Requirements: The alB requires an 
extra 0.55" of vertical clearance in the target system 
above the 486 CPU socket. 
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Figure 12.4.ICD-486TM CPU Dimensions 
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13.0 MECHANICAL DATA 
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240440-49 

Family: Ceramic Pin Grid Array Package 

Symbol 
Millimeters Inches 

Min Max Notes Min Max Notes 

A 3.56 4.57 0.140 0,180 

AI 0,64 1.14 SOLID LID 0,025 0,045 SOLID LID 

A2 23 0.30 SOLID LID 0,110 0.140 SOLID LID 

A3 1,14 1.40 0,045 0.055 

B 0.43 0.51 0,017 0,020 

D 44,07 44.83 1,735 1.765 

Dl 40.51 40.77 1,595 1.605 

el 2.29 2.79 0,090 0.110 

L 2.54 3.30 0,100 0.130 

N 168 168 

SI 1.52 2.54 0.060 0.100 

ISSUE IWS REV X 7/15/88 

Figure 13.1. 168 Lead Ceramic PGA Package Dimensions 
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Table 13.1 Ceramic PGA Package Dimension Symbols 

Letter or 
Description of Dimensions 

Symbol 

A Distance from seating plane to highest point of body 

A1 Distance between seating plane and base plane (lid) 

A2 Distance from base plane to highest point of body 

As Distance from seating plane to bottom of body 

B Diameter of terminal lead pin 

0 Largest overall package dimension of length 

01 A body length dimension, outer lead center to outer lead center 

e1 Linear spacing between true lead position centerlines 

L Distance from seating plane to end of lead 

Sl Other body dimension, outer lead center to edge of body 

NOTES: 
1. Controlling dimension: millimeter. 
2. Dimension "e1" ("e") is non-cumulative. 
S. Seating plane (standoff) is defined by P.C. board hole size: 0.0415-0.04S0 inch. 
4. Dimensions "S", "S1" and "c" are nominal. 
5. Details of Pin 1 identifier are optional. 

13.1 Package Thermal Specifications 

The 486 microprocessor is specified for operation 
when T C (the case temperature) is within the range 
of 0°C-85°C. T C may be measured in any environ­
ment to determine whether the 486 microprocessor 
is within specified operating range. The case tem­
perature should be measured at the center of the 
top surface opposite the pins. 

Note that T A is greatly improved by attaching "fins" 
or a "heat sink" to the package. P (the maximum 
power consumption) is calculated by using the maxi­
mum Icc at 5V as tabulated in the DC Characteris­
tics of Section 12. 

T A (the ambient temperature) can be calculated 
from (}CA (thermal resistance from case to ambient) 
with the following equation: 

Typical values for (}CA at various airflows are given 
in Table 13.2 for the 1.75 sq. in., 168 pin, ceramic 
PGA. 

Table 13.3 shows the maximum T A allowable (with­
out exceeding T c) at various airflows and operating 
frequencies (fCLK)' 
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Table 13.2. Thermal Resistance (eeA) at Various 
Airflows 

In °C/Watt 

Airflow-ft/min (m/sec) 

0 200 400 600 800 1000 
(0) (1.01) (2.03) (3.04) (4.06) (5.07) 

(}CA with 
13 9 5.5 5.0 3.9 3.4 

Heat Sink' 

eCA without 
17 14 11 9 7.1 6.6 

Heat Sink 

'0.285" high unidirectional heat sink (AI alloy 6061, 50 mIl 
fin width, 150 mil center-to-center fin spacing). 
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Table 13.3. Maximum T A at Various Airflows 

InoC 

Airflow-ft/min (m/sec) 

fCLK 0 200 400 600 800 1000 
(MHz) (0) (1.01) (2.03) (3.04) (4.06) (5.07) 

TA with 25.0 46 58 69 70 73 75 
HeatSink* 33.3 43 56 67 69 72 74 

TA without 25.0 34 43 52 58 64 65 
Heat Sink 33.3 30 40 49 56 62 64 

'0.285" high unidirectional heat sink (AI alloy 6061, 50 mil fin width, 150 mil 
center-to-center fin spacing). 
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