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12.4.1 Clocking the 80C187

The microprocessor and math coprocessor operate asynchronously, and their clock rates may dif-
fer. The 80C187 has a CKM pin that determines whether it uses the input clock directly or divided
by two. Direct clocking works up to 12.5 MHz, which makes it convenient to feed the clock input
from the microprocessor’s CLKOUT pin. Beyond 12.5 MHz, the 80C187 must use a multiply-
by-two clock input up to a maximum of 32 MHz. The microprocessor and the math coprocessor
have correct timing relationships, even with operation at different frequencies.

12.4.2 Processor Bus Cycles Accessing the 80C187

Data transfers between the microprocessor and the 80C187 occur through the dedicated, 16-bit
I/O ports shown in Table 12-7. When the processor encounters a numerics opcode, it first writes
the opcode to the 80C187. The 80C187 decodes the instruction and passes elementary instruction
information (Opcode Status Word) back to the processor. Since the 80C187 is a slave processor,
the Modular Core processor performs all loads and stores to memory. Including the overhead in
the microprocessor’s microcode, each data transfer between memory and the 80C187 (via the mi-
croprocessor) takes at least 17 processor clocks.

Table 12-7. 80C187 VO Port Assignments

/O Address Read Definition Write Definition
00F8H Status/Control Opcode
O00FAH Data Data
00FCH Reserved CS:IP, DS:EA
00FEH Opcode Status Reserved

The microprocessor cannot process any numerics (ESC) opcodes alone. If the CPU encounters a
numerics opcode when the Escape Trap (ET) bit in the Relocation Register is a zero and the
80C187 is not present, its operation is indeterminate. Even the FINIT/FNINIT initialization in-
struction (used in the past to test the presence of a coprocessor) fails without the 80C187. If an
application offers the 80C187 as an option, problems can be prevented in one of three ways:

® Remove all numerics (ESC) instructions, including code that checks for the presence of the
80C187.

® Use a jumper or switch setting to indicate the presence of the 80C187. The program can
interrogate the jumper or switch setting and branch away from numerics instructions when
the 80C187 socket is empty.

® Trick the microprocessor into predictable operation when the 80C187 socket is empty. The
fix is placing pull-up or pull-down resistors on certain data and handshaking lines so the
CPU reads a recognizable Opcode Status Word. This solution requires a detailed knowledge
of the interface.

12-10 I
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Bus cycles involving the 80C187 Math Coprocessor behave exactly like other I/O bus cycles with
respect to the processor’s control pins. See “System Design Tips” for information on integrating
the 80C187 into the overall system.

12.4.3 System Design Tips

All 80C187 operations require that bus ready be asserted. The simplest way to return the ready
indication is through hardware connected to the processor’s external ready pin. If you program a
chip-select to cover the math coprocessor port addresses, its ready programming is in force and
can provide bus ready for coprocessor accesses. The user must verify that there are no conflicts
from other hardware connected to that chip-select pin.

A chip-select pin goes active on 80C187 accesses if you program it for a range including the math
coprocessor I/O ports. The converse is not true — a non-80C187 access cannot activate NCS (nu-
merics coprocessor select), regardless of programming.

In a buffered system, it is customary to place the 80C187 on the local bus. Since DTR and DEN
function normally during 80C187 transfers, you must qualify DEN with NCS (see Figure 12-3).
Otherwise, contention between the 80C187 and the transceivers occurs on read cycles to the
80C187. :

The microprocessor’s local bus is available to the integrated peripherals during numerics execu-
tion whenever the CPU is not communicating with the 80C187. The idle bus allows the processor
to intersperse DRAM refresh cycles with accesses to the 80C187.

The microprocessor’s local bus is available to alternate bus masters during execution of numerics
instructions when the CPU does not need it. Bus cycles driven by alternate masters (via the
HOLD/HLDA protocol) can suspend coprocessor bus cycles for an indefinite period.

The programmer can lock 80C187 instructions. The CPU asserts the LOCK pin for the entire du-
ration of a numerics instruction, monopolizing the bus for a very long time.

I 12-11
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A1255-01
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Figure 12-3. 80C187 Configuration with a Partially Buffered Bus
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12.4.4 Exception Trapping

The 80C187 detects six error conditions that can occur during instruction execution. The 80C187
can apply default fix-ups or signal exceptions to the microprocessor’s ERROR pin. The processor
tests ERROR at the beginning of numerics instructions, so it traps an exception on the next at-
tempted numerics instruction after it occurs. When ERROR tests active, the processor executes a
Type 16 interrupt.

There is no automatic exception-trapping on the last numerics instruction of a series. If the last
numerics instruction writes an invalid result to memory, subsequent non-numerics instructions
can use that result as if it is valid, further compounding the original error. Insert the FNOP in-
struction at the end of the 80C187 routine to force an ERROR check. If the program is written in
a high-level language, it is impossible to insert FNOP. In this case, route the error signal through
an inverter to an interrupt pin on the microprocessor (see Figure 12-4). With this arrangement,
use a flip-flop to latch BUSY upon assertion of ERROR. The latch gets cleared during the excep-
tion-handler routine. Use an additional flip-flop to latch PEREQ to maintain the correct hand-
shaking sequence with the microprocessor.

12.5 Example Math Coprocessor Routines
Example 12-1 shows the initialization sequence for the 80C187. Example 12-2 is an example of

a floating point routine using the 80C187. The FSINCOS instruction yields both sine and cosine
in one operation.

I 12-13
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$modl1l86

; FUNCTION:

name example_80C187_init
This function initializes the 80C187 numerics coprocessor.

extern unsigned char far 187_init(void);

unsigned char - 0000h -> False -> coprocessor not initialized
-> coprocessor initialized

ffffh -> True

Parameters are passed on the stack as required by

; SYNTAX:

H

; INPUTS: None

; OUTPUTS:

i

;NOTE:

; high-level languages.
1lib_80186 segment public ’‘code’

assume cs:1ib_80186

public _187_init

_187_initproc far

_187_initendp

1ib_80186ends
end

;mask off unwanted control bits

push bp ;save caller’s bp
mov bp, sp ;get current top of stack
cli ;disable maskable interrupts
fninit ;init 80C187 processor
fnstcw - [bp-2] ;get current control word
sti ;enable interrupts
mov ax, [bp-2]
and ax, 0300h
cmp ax, 0300h ;PC bits = 11
je ok ;yes: processor ok
xor ax, ax ;return false (80C187 not ok)
pop bp ijrestore caller’s bp
ret

Ok: and [bp-2], 0fffeh ;unmask possible exceptions
fldew [bp-2]
mov ax,0ffffh ;return true (80C187 ok)
pop bp ;restore caller’s bp
ret

Example 12-1. Initialization Sequence for 80C187 Math Coprocessor

12-15
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$mod186
$modcl87

;DESCRIPTION:
i

i

;VARIABLES:

i

;RESULTS:

i

iNOTES:

‘

’
data

data
code

convert
mov
mov

fld
fld
fsincos
fmul
fstp
fmul
fstp

convert endp

code ends
end

name example_80C187_proc

This code section uses the 80C187 FSINCOS transcendental
instruction to convert the locus of a point from polar
to Cartesian coordinates.

The variables consist of the radius, r, and the angle, theta.
Both are expressed as 32-bit reals and 0 <= theta <= pi/4.

The results of the computation are the coordinates x and y
expressed as 32-bit reals.

This routine is coded for Intel ASM86. It is not set up as an
HLL-callable routine.

This code assumes that the 80C187 has already been initialized.

assume cs:code, ds:data

segment at 0100h
dd

r X . XXXX ;substitute real operand
theta dd x.xxxx ;substitute real operand
X dd ?

y dd ?

ends

segment at 0080h

proc far

ax, data

ds, ax

r ;load radius

theta ;load angle
;st=cos, st(l)=sin

st, st(2) ;jcompute x

X ;store to memory and pop
;compute y

Y ;store to memory and pop

Example 12-2. Floating Point Math Routine Using FSINCOS
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CHAPTER 13
ONCE MODE

ONCE (pronounced “ahnce”) Mode provides the ability to three-state all output, bidirectional, or
weakly held high/low pins except OSCOUT. To allow device operation with a crystal network,
OSCOUT does not three-state.

ONCE Mode electrically isolates the device from the rest of the board logic. This isolation allows
a bed-of-nails tester to drive the device pins directly for more accurate and thorough testing. An
in-circuit emulation probe uses ONCE Mode to isolate a surface-mounted device from board log-
ic and essentially “take over” operation of the board (without removing the soldered device from
the board).

13.1 ENTERING/LEAVING ONCE MODE

Forcing A19/0ONCE low while RESIN is asserted (low) enables ONCE Mode (see Figure 13-1).
Maintaining A19/0ONCE and RESIN low continues to keep ONCE Mode active. Returning
A19/0ONCE high exits ONCE Mode.

However, it is possible to keep ONCE Mode always active by deasserting RESIN while keeping
A19/ONCE low. Removing RESIN “latches” ONCE Mode and allows A19/ONCE to be driven
to any level. A19/ONCE must remain low for at least one clock beyond the time RESIN is driven
high. Asserting RESIN exits ONCE Mode, assuming A19/ONCE does not also remain low (see
Figure 13-1).

RESIN Q @

A19/ONCE / /

All output, @
bidirectional,

weakly held 7/
pins except
OSCOUT

il

NOTES: 1. Entering ONCE Mode.
2. Latching ONCE Mode.
3. Leaving ONCE Mode (assuming 2 occurred).

A1260-0A

Figure 13-1. Entering/Leaving ONCE Mode
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APPENDIX A
80C186 INSTRUCTION SET
ADDITIONS AND EXTENSIONS

The 80C186 Modular Core family instruction set differs from the original 8086/8088 instruction
set in two ways. First, several instructions that were not available in the 8086/8088 instruction set
have been added. Second, several 8086/8088 instructions have been enhanced for the 80C186
Modular Core family instruction set.

A.1 80C186 INSTRUCTION SET ADDITIONS

This section describes the seven instructions that were added to the base 8086/8088 instruction
set to make the instruction set for the 80C186 Modular Core family. These instructions did not
exist in the 8086/8088 instruction set.
* Data transfer instructions
— PUSHA
— POPA

® String instructions
— INS
— OUTS

* High-level instructions
— ENTER
— LEAVE
— BOUND

A.1.1 Data Transfer Instructions
PUSHA/POPA

PUSHA (push all) and POPA (pop all) allow all general-purpose registers to be stacked and un-
stacked. The PUSHA instruction pushes all CPU registers (except as noted below) onto the stack.
The POPA instruction pops all registers pushed by PUSHA off of the stack. The registers are
pushed onto the stack in the following order: AX, CX, DX, BX, SP, BP, SI, DI. The Stack Pointer
(SP) value pushed is the Stack Pointer value before the AX register was pushed. When POPA is
executed, the Stack Pointer value is popped, but ignored. Note that this instruction does not save
segment registers (CS, DS, SS, ES), the Instruction Pointer (IP), the Processor Status Word or any
integrated peripheral registers.



80C186 INSTRUCTION SET ADDITIONS AND EXTENSIONS InteIG’

A.1.2 String Instructions
INS source_string, port

INS (in string) performs block input from an I/O port to memory. The port address is placed in
the DX register. The memory address is placed in the DI register. This instruction uses the ES
segment register (which cannot be overridden). After the data transfer takes place, the pointer reg-
ister (DI) increments or decrements, depending on the value of the Direction Flag (DF). The
pointer register changes by one for byte transfers or by two for word transfers.

OUTS port, destination_string

OUTS (out string) performs block output from memory to an I/O port. The port address is placed
in the DX register. The memory address is placed in the SI register. This instruction uses the DS
segment register, but this may be changed with a segment override instruction. After the data
transfer takes place, the pointer register (SI) increments or decrements, depending on the value
of the Direction Flag (DF). The pointer register changes by one for byte transfers or by two for
word transfers.

A.1.3 High-Level Instructions
ENTER size, level

ENTER creates the stack frame required by most block-structured high-level languages. The first
parameter, size, specifies the number of bytes of dynamic storage to be allocated for the procedure
being entered (16-bit value). The second parameter, level, is the lexical nesting level of the pro-
cedure (8-bit value). Note that the higher the lexical nesting level, the lower the procedure is in
the nesting hierarchy.

The lexical nesting level determines the number of pointers to higher level stack frames copied
into the current stack frame. This list of pointers is called the display. The first word of the display
points to the previous stack frame. The display allows access to variables of higher level (lower
lexical nesting level) procedures.

After ENTER creates a display for the current procedure, it allocates dynamic storage space. The
Stack Pointer decrements by the number of bytes specified by size. All PUSH and POP operations
in the procedure use this value of the Stack Pointer as a base.

Two forms of ENTER exist: non-nested and nested. A lexical nesting level of 0 specifies the non-
nested form. In this situation, BP is pushed, then the Stack Pointer is copied to BP and decrement-
ed by the size of the frame. If the lexical nesting level is greater than 0, the nested form is used.
Figure A-1 gives the formal definition of ENTER.

A-2 I
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The following listing gives the formal definition of the
ENTER instruction for all cases.
LEVEL denotes the value of the second operand.

Push BP

Set a temporary value FRAME_PTR: = SP

If LEVEL > 0 then
Repeat (LEVEL - 1) times:
BP:=BP - 2
Push the word pointed to by BP
End Repeat
Push FRAME_PTR

End if

BP:=FRAME_PTR

SP:=SP - first operand

Figure A-1. Formal Definition of ENTER

ENTER treats a reentrant procedure as a procedure calling another procedure at the same lexical
level. A reentrant procedure can address only its own variables and variables of higher-level call-
ing procedures. ENTER ensures this by copying only stack frame pointers from higher-level pro-
cedures.

Block-structured high-level languages use lexical nesting levels to control access to variables of
previously nested procedures. For example, assume for Figure A-2 that Procedure A calls Proce-
dure B, which calls Procedure C, which calls Procedure D. Procedure C will have access to the
variables of Main and Procedure A, but not to those of Procedure B because Procedures C and B
operate at the same lexical nesting level.
The following is a summary of the variable access for Figure A-2.

1. Main has variables at fixed locations.

2. Procedure A can access only the fixed variables of Main.

3. Procedure B can access only the variables of Procedure A and Main.
Procedure B cannot access the variables of Procedure C or Procedure D.

4. Procedure C can access only the variables of Procedure A and Main.
Procedure C cannot access the variables of Procedure B or Procedure D.

5. Procedure D can access the variables of Procedure C, Procedure A and Main.
Procedure D cannot access the variables of Procedure B.

| A-3
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Main Program (Lexical Level 1)

Procedure A (Lexical Level 2)

Procedure B (Lexical Level 3)

Procedure C (Lexical Level 3)

Procedure D (Lexical Level 4)

A1001-0A

Figure A-2. Variable Access in Nested Procedures

The first ENTER, executed in the Main Program, allocates dynamic storage space for Main, but
no pointers are copied. The only word in the display points to itself because no previous value

exists to return to after LEAVE is executed (see Figure A-3).

15 0

BP —> Old BP

BPM

SP —»
*BPM = BP Value for MAIN

Display Main

Dynamic
Storage
Main

A1002-0A

Figure A-3. Stack Frame for Main at Level 1

After Main calls Procedure A, ENTER creates a new display for Procedure A. The first word
points to the previous value of BP (BPM). The second word points to the current value of BP
(BPA). BPM contains the base for dynamic storage in Main. All dynamic variables for Main will

be at a fixed offset from this value (see Figure A-4).

A-4
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15 0
Old BP
BPM
BPM
BP —»
BPM Display A
BPA*
Dynamic
Storage A
SP —»
*BPA = BP Value for Procedure A
A1003-0A

Figure A-4. Stack Frame for Procedure A at Level 2

After Procedure A calls Procedure B, ENTER creates the display for Procedure B. The first word
of the display points to the previous value of BP (BPA). The second word points to the value of
BP for MAIN (BPM). The third word points to the BP for Procedure A (BPA). The last word
points to the current BP (BPB). Procedure B can access variables in Procedure A or Main via the
appropriate BP in the display (see Figure A-5).

After Procedure B calls Procedure C, ENTER creates the display for Procedure C. The first word
of the display points to the previous value of BP (BPB). The second word points to the value of
BP for MAIN (BPM). The third word points to the value of BP for Procedure A (BPA). The fourth
word points to the current BP (BPC). Because Procedure B and Procedure C have the same lexical
nesting level, Procedure C cannot access variables in Procedure B. The only pointer to Procedure
B in the display of Procedure C exists to allow the LEAVE instruction to collapse the Procedure
C stack frame (see Figure A-6).



80C186 INSTRUCTION SET ADDITIONS AND EXTENSIONS

BP —>»

15

Old BP

BPM

BPM

BPM

BPA

BPA

BPM

BPA

BPB

 Display B

Dynamic
( Storage B

SP —>»

A1004-0A

Figure A-5. Stack Frame for Procedure B at Level 3 Called from A
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15 0
Old BP
BPM

BPM
BPM
BPA

BPA
BPM
BPA
BPB

BPB
BPM |
BPA
BPC

BP —>

Display C

1 Dynamic
Storage C

SP —»

A1005-0A

Figure A-6. Stack Frame for Procedure C at Level 3 Called from B
LEAVE

LEAVE reverses the action of the most recent ENTER instruction. It collapses the last stack frame
created. First, LEAVE copies the current BP to the Stack Pointer, releasing the stack space allo-
cated to the current procedure. Second, LEAVE pops the old value of BP from the stack, to return
to the calling procedure's stack frame. A RET instruction will remove arguments stacked by the
calling procedure for use by the called procedure.
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BOUND register, address

BOUND verifies that the signed value in the specified register lies within specified limits. If the
value does not lie within the bounds, an array bounds exception (type 5) occurs. BOUND is useful
for checking array bounds before attempting to access an array element. This prevents the pro-
gram from overwriting information outside the limits of the array.

BOUND has two operands. The first, register, specifies the register being tested. The second, ad-
dress, contains the effective relative address of the two signed boundary values. The lower limit
word is at this address and the upper limit word immediately follows. The limit values cannot be
register operands (if they are, an invalid opcode exception occurs).

A2 80C186 INSTRUCTION SET ENHANCEMENTS

This section describes ten instructions that were available with the 8086/8088 but have been en-
hanced for the 80C186 Modular Core family.

* Data transfer instructions
— PUSH

* Arithmetic instructions
— IMUL

* Bit manipulation instructions (shifts and rotates)
— SAL
— SHL
— SAR
— SHR
— ROL
— ROR
— RCL
— RCR

A.2.1 Data Transfer Instructions

PUSH data
PUSH (push immediate) allows an immediate argument, data, to be pushed onto the stack. The

value can be either a byte or a word. Byte values are sign extended to word size before being
pushed.

A-8 I
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A.2.2 Arithmetic Instructions
IMUL destination, source, data

IMUL (integer immediate multiply, signed) allows a value to be multiplied by an immediate op-
erand. IMUL requires three operands. The first, destination, is the register where the result will
be placed. The second, source, is the effective address of the multiplier. The source may be the
same register as the destination, another register or a memory location. The third, data, is an im-
mediate value used as the multiplicand. The data operand may be a byte or word. If data is a byte,
it is sign extended to 16 bits. Only the lower 16 bits of the result are saved. The result must be
placed in a general-purpose register.

A.2.3 Bit Manipulation Instructions

This section describes the eight enhanced bit-manipulation instructions.

A.2.3.1 Shift Instructions
SAL destination, count

SAL (immediate shift arithmetic left) shifts the destination operand left by an immediate value.
SAL has two operands. The first, destination, is the effective address to be shifted. The second,
count, is an immediate byte value representing the number of shifts to be made. The CPU will
AND count with 1FH before shifting, to allow no more than 32 shifts. Zeros shift in on the right.

SHL destination, count

SHL (immediate shift logical left) is physically the same instruction as SAL (immediate shift
arithmetic left).

SAR destination, count

SAR (immediate shift arithmetic right) shifts the destination operand right by an immediate val-
ue. SAL has two operands. The first, destination, is the effective address to be shifted. The sec-
ond, count, is an immediate byte value representing the number of shifts to be made. The CPU
will AND count with 1FH before shifting, to allow no more than 32 shifts. The value of the orig-
inal sign bit shifts into the most-significant bit to preserve the initial sign.

SHR destination, count

SHR (immediate shift logical right) is physically the same instruction as SAR (immediate shift
arithmetic right).
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A.23.2 Rotate Instructions
ROL destination, count

ROL (immediate rotate left) rotates the destination byte or word left by an immediate value. ROL
has two operands. The first, destination, is the effective address to be rotated. The second, count,
is an immediate byte value representing the number of rotations to be made. The most-significant
bit of destination rotates into the least-significant bit.

ROR destination, count

ROR (immediate rotate right) rotates the destination byte or word right by an immediate value.
ROR has two operands. The first, destination, is the effective address to be rotated. The second,
count, is an immediate byte value representing the number of rotations to be made. The least-sig-
nificant bit of destination rotates into the most-significant bit.

RCL destination, count

RCL (immediate rotate through carry left) rotates the destination byte or word left by an imme-
diate value. RCL has two operands. The first, destination, is the effective address to be rotated.
The second, count, is an immediate byte value representing the number of rotations to be made.
The Carry Flag (CF) rotates into the least-significant bit of destination. The most-significant bit
of destination rotates into the Carry Flag.

RCR destination, count

RCR (immediate rotate through carry right) rotates the destination byte or word right by an im-
mediate value. RCR has two operands. The first, destination, is the effective address to be rotated.
The second, count, is an immediate byte value representing the number of rotations to be made.
The Carry Flag (CF) rotates into the most-significant bit of destination. The least-significant bit
of destination rotates into the Carry Flag.

A-10 I
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APPENDIX B
INPUT SYNCHRONIZATION

Many input signals to an embedded processor are asynchronous. Asynchronous signals do not re-
quire a specified setup or hold time to ensure the device does not incur a failure. However, asyn-
chronous setup and hold times are specified in the data sheet to ensure recognition. Associated
with each of these inputs is a synchronizing circuit (see Figure B-1) that samples the asynchro-
nous signal and synchronizes it to the internal operating clock. The output of the synchronizing
circuit is then safely routed to the logic units.

Asynchronous Synchronized
Input [} D Q D QF— Output
firsL Second
atcl Latch
®— ® —

NOTES: 1. First latch sample clock, can be phase 1 or phase 2 depending on pin function.

2. Second latch sample clock, opposite phase of first latch sample clock
(e.g., if first latch is sampled with phase 1, the second latch is sampled with phase 2).
A1007-0A

Figure B-1. Input Synchronization Circuit

B.1 WHY SYNCHRONIZERS ARE REQUIRED

Every data latch requires a specific setup and hold time to operate properly. The duration of the
setup and hold time defines a window during which the device attempts to latch the data. If the
input makes a transition within this window, the output may not attain a stable state. The data
sheet specifies a setup and hold window larger than is actually required. However, variations in
device operation (e.g., temperature, voltage) require that a larger window be specified to cover
all conditions.

Should the input to the data latch make a transition during the sample and hold window, the output
of the latch eventually attains a stable state. This stable state must be attained before the second
stage of synchronization requires a valid input. To synchronize an asynchronous signal, the circuit
in Figure B-1 samples the input into the first latch, allows the output to stabilize, then samples the
stabilized value into a second latch. With the asynchronous signal resolved in this way, the input
signal cannot cause an internal device failure.
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A synchronization failure can occur when the output of the first latch does not meet the setup and
hold requirements of the input of the second latch. The rate of failure is determined by the actual
size of the sampling window of the data latch and by the amount of time between the strobe sig-
nals of the two latches. As the sampling window gets smaller, the number of times an asynchro-
nous transition occurs during the sampling window drops.

B.2 ASYNCHRONOUS PINS
The 80C186EB/80C188EB inputs that use the two-stage synchronization circuit are TOIN, T1IN,

NMI, TEST/BUSY, INT4:0, HOLD, and all Port 2 input functions (P2.5/BCLKO, P2.2/BCLK1
and P2.4/CTS1).

B-2 I
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APPENDIX C
INSTRUCTION SET DESCRIPTIONS

This appendix provides reference information for the 80C186 Modular Core family instruction
set. Tables C-1 through C-3 define the variables used in Table C-4, which lists the instructions
with their descriptions and operations.

Table C-1. Instruction Format Variables

Variable Description

dest A register or memory location that may contain data operated on by the instruction,
and which receives (is replaced by) the result of the operation.

src A register, memory location or immediate value that is used in the operation, but is not
altered by the instruction

target A label to which control is to be transferred directly, or a register or memory location
whose content is the address of the location to which control is to be transferred
indirectly.

disp8 A label to which control is to be conditionally transferred; must lie within —128 to +127
bytes of the first byte of the next instruction.

accum Register AX for word transfers, AL for bytes.

port An I/O port number; specified as an immediate value of 0-255, or register DX (which
contains port number in range 0-64K).

sre-string Name of a string in memory that is addressed by register Sl; used only to identify
string as byte or word and specify segment override, if any. This string is used in the
operation, but is not altered.

dest-string Name of string in memory that is addressed by register DI; used only to identify string
as byte or word. This string receives (is replaced by) the result of the operation.

count Specifies number of bits to shift or rotate; written as immediate value 1 or register CL
(which contains the count in the range 0-255).

interrupt-type Immediate value of 0—-255 identifying interrupt pointer number.

optional-pop-value

Number of bytes (0-64K, ordinarily an even number) to discard from the stack.

extermnal-opcode

Immediate value (0-63) that is encoded in the instruction for use by an extemnal
processor.
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Table C-2. Instruction Operands

Operand Description
reg An 8- or 16-bit general register.
reg16 An 16-bit general register.
seg-reg A segment register.
accum Register AX or AL
immed A constant in the range 0-FFFFH.
immed8 A constant in the range 0—FFH.
mem An 8- or 16-bit memory location.
mem16 A 16-bit memory location.
mem32 A 32-bit memory location.
src-table Name of 256-byte translate table.
src-string Name of string addressed by register SI.
dest-string Name of string addressed by register DI.
short-label A label within the —128 to +127 bytes of the end of the instruction.
near-label A label in current code segment.
far-label A label in another code segment.
near-proc A procedure in current code segment.
far-proc A procedure in another code segment.
memptr16 A word containing the offset of the location in the current code segment to which
) control is to be transferred. ‘
memptr32 A doubleword containing the offset and the segment base address of the location in
another code segment to which control is to be transferred.
regptr16 A 16-bit general register containing the offset of the location in the current code
segment to which control is to be transferred.
repeat A string instruction repeat prefix.
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Table C-3. Flag Bit Functions

Name

Function

AF

Auxiliary Flag:
Set on carry from or borrow to the low order four bits of AL; cleared otherwise.

CF

Carry Flag:
Set on high-order bit carry or borrow; cleared otherwise.

DF

Direction Flag:

Causes string instructions to auto decrement the appropriate index register
when set. Clearing DF causes auto increment.

Interrupt-enable Flag:

When set, maskable interrupts will cause the CPU to transfer control to an
interrupt vector specified location.

OF

Overflow Flag:

Set if the signed result cannot be expressed within the number of bits in the
destination operand; cleared otherwise.

PF

Parity Flag:
Set if low-order 8 bits of result contain an even number of 1 bits; cleared
otherwise.

SF

Sign Flag:
Set equal to high-order bit of result (0 if positive, 1 if negative).

TF

Single Step Flag:

Once set, a single step interrupt occurs after the next instruction executes. TF
is cleared by the single step interrupt.

ZF

Zero Flag:
Set if result is zero; cleared otherwise.




INSTRUCTION SET DESCRIPTIONS

Table C-4. Instruction Set

intel.

. . Flags
Name Description Operation Affected
AAA ASCII Adjust for Addition: if AF v
AAA ((AL) and OFH) > 9 or (AF) =1 CFv
: ) then DF -
Changes the contents of register AL to (AL) « (AL) + 6 F -
a valid unpacked decimal number; the (AH) « (AH) + 1 OF ?
high-order half-byte is zeroed. (AF) 1 PF 2
Instruction Operands: (CF) « (AF) SF ?
none (AL) « (AL) and OFH TF -
ZF ?
AAD ASCII Adjust for Division: (AL) « (AH) x OAH + (AL) AF ?
AAD (AH) <0 CF?
DF -
Modifies the numerator in AL before IF —
dividing two valid unpacked decimal OF ?
operands so that the quotient PF v
produced by the division will be a valid SF v
unpacked decimal number. AH must TF -
be zero for the subsequent DIV to ZE v
produce the correct result. The
quotient is returned in AL, and the
remainder is returned in AH; both high-
order half-bytes are zeroed.
Instruction Operands:
none
AAM ASCII Adjust for Multiply: (AH) « (AL) / 0OAH AF ?
AAM (AL) « (AL) % OAH CF?
Corrects the result of a previous multi- E:F ~
plication of two valid unpacked ”
decimal operands. A valid 2-digit OF 7
unpacked decimal number is derived PF v
from the content of AH and AL and is SF v
returned to AH and AL. The high-order TF -
half-bytes of the muiltiplied operands ZF v
must have been OH for AAM to
produce a correct result.
Instruction Operands:
none
NOTE: The three symbols used in the Flags Affected column are defined as follows:

C-4

— the contents of the flag remain unchanged after the instruction is executed
? the contents of the flag is undefined after the instruction is executed
v'the flag is updated after the instruction is executed
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INSTRUCTION SET DESCRIPTIONS

Table C-4. Instruction Set (Continued)

Flags
Name Description Operation Affected
AAS ASCII Adjust for Subtraction: if AF v
AAS ((AL) and OFH) > 9 or (AF) = 1 CF v
) then DF -
Corrects the result of a previous (AL) « (AL) -6 IF -
subtraction of two valid unpacked (AH) < (AH) - 1 OF ?
decimal operands (the destination (AF) 1 PE ,,
operand must have been specified as (CF) « (AF) SF 9
register AL). Changes the content of (AL) « (AL) and OFH TF _
AL to a valid unpacked decimal ZF 2
number; the high-order half-byte is )
zeroed.
Instruction Operands:
none
ADC Add with Carry: if AF v
ADC dest, src (CF) =1 CFv
. then DF -
Sums the operands, which may be (dest) « (dest) + (src) + 1 IF —
bytes or words, adds one if CFis set | .o OF v
and replaces the destination operand (dest) « (dest) + (src) PF v
with the result. Both operands may be SE v
signed or unsigned binary numbers TF -
(see AAA and DAA). Since ADC incor- ZF v
porates a carry from a previous
operation, it can be used to write
routines to add numbers longer than
16 bits.
Instruction Operands:
ADC reg, reg
ADC reg, mem
ADC mem, reg
ADC reg, immed
ADC mem, immed
ADC accum, immed
NOTE: The three symbols used in the Flags Affected column are defined as follows:
— the contents of the flag remain unchanged after the instruction is executed
? the contents of the flag is undefined after the instruction is executed
v'the flag is updated after the instruction is executed
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Table C-4. Instruction Set (Continued)

Name Description Operation Aff?cg;d

ADD Addition: (dest) « (dest) + (src) AF v
ADD dest, src g:; v
Sums two operands, which may be IF :
bytes or words, replaces the OF v
destination operand. Both operands PF v
may be signed or unsigned binary SFv
numbers (see AAA and DAA). TF -

Instruction Operands: ZF v

ADD reg, reg
ADD reg, mem
ADD mem, reg
ADD reg, immed
ADD mem, immed
ADD accum, immed

AND And Logical: (dest) « (dest) and (src) AF ?
AND dest, src (g';) « g g:j v
Performs the logical "and” of the two | ©1) < F _
operands (byte or word) and returns OF v
the result to the destination operand. A PF v
bit in the result is set if both corre- SF v
sponding bits of the original operands TF -
are set; otherwise the bit is cleared. ZF v

Instruction Operands:

AND reg, reg
AND reg, mem
AND mem, reg
AND reg, immed
AND mem, immed
AND accum, immed

NOTE: The three symbols used in the Flags Affected column are defined as follows:

— the contents of the flag remain unchanged after the instruction is executed
? the contents of the flag is undefined after the instruction is executed
vthe flag is updated after the instruction is executed
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INSTRUCTION SET DESCRIPTIONS

Table C-4. Instruction Set (Continued)

Flags
Name Description Operation Affected
BOUND | Detect Value Out of Range: if AF -
BOUND dest, src t(Igdest) < (src) or (dest) > ((src) +2) gi -
Provides array bounds checking in (esnp) «(SP)-2 IF :
hardware. The calculated array index ((SP) + 1 : (SP)) « FLAGS OF —
is placed in one of the general purpose (F) <0 ’ PE -
registers, and the upper and lower (TF) <0 SF -
bounds of the array are placed in two (SP) « (SP) -2 TF -
consecutive memory locations. The (SP) +1: (SP)) « (CS) ZF —
contents of the register are compared (CS) (1.EH)
with the memory location values, and if (SP) « (SP) -2
the register value is less than the first (SP) +1: (SP)) « (IP)
location or greater than the second (P) (1 éH)
memory location, a trap type 5 is
generated.
Instruction Operands:
BOUND reg, mem
CALL Call Procedure: if AF -
CALL procedure-name thlnter-segment g£ -
Activates an out-of-line procedure, g“P) « (8P) -2 F -
saving information on the stack to ((SP) +1:(SP)) « (CS) OF -
permit a RET (return) instruction in the (CS) « éEG PF —
procedure to transfer control back to (SP) « (SP) -2 SF -
the instruction following the CALL. The ((SP) +1:(SP)) « (IP) TF -
assembler generates a different type (IP) — d.est ZF -
of CALL instruction depending on
whether the programmer has defined
the procedure name as NEAR or FAR.
Instruction Operands:
CALL near-proc
CALL far-proc
CALL memptr16
CALL regptri6
CALL memptr32
NOTE: The three symbols used in the Flags Affected column are defined as follows:
- the contents of the flag remain unchanged after the instruction is executed
? the contents of the flag is undefined after the instruction is executed
the flag is updated after the instruction is execute
v'the flag is updated after the i ion i d
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Table C-4. Instruction Set (Continued)

Flags
Name Description Operation Affected
CBW Convert Byte to Word: if AF —
CBW th(AL) < 80H gﬁ -
Extends the sign of the byte in register (e:H) 0 IF :
AL throughout register AH. Use to else OF -
produce a double-length (word) (AH) « FFH PF -
dividend from a byte prior to SF -
performing byte division. TF -
Instruction Operands: ZF -
none
CLC Clear Carry flag: (CF) <0 AF -
cLc gi v
Zeroes the carry flag (CF) and affects IF -
no other flags. Useful in conjunction OF -
with the rotate through carry left (RCL) PF -
and the rotate through carry right SF —
(RCR) instructions. TF -
Instruction Operands: ZF —
none
CLD Clear Direction flag: (DF) « 0 AF -
CLD CF -
— . DF v
Zeroes the direction flag (DF) causing F -
the string instructions to auto- OF —
increment the source index (Sl) and/or PF —
destination index (DI) registers. SF -
Instruction Operands: TF -
none ZF -
NOTE: The three symbols used in the Flags Affected column are defined as follows:
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- the contents of the flag remain unchanged after the instruction is executed
? the contents of the flag is undefined after the instruction is executed
v'the flag is updated after the instruction is executed
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INSTRUCTION SET DESCRIPTIONS

Table C-4. Instruction Set (Continued)

: . Flags
Name Description Operation Affected
CLI Clear Interrupt-enable Flag: (IF) <0 AF —
cLi gl'; -
Zeroes the interrupt-enable flag (IF). IE ;
When the interrupt-enable flag is OF —
cleared, the 8086 and 8088 do not PF —
recognize an external interrupt request SF —
that appears on the INTR line; in other TF -
words maskable interrupts are ZF —
disabled. A non-maskable interrupt
appearing on NMI line, however, is
honored, as is a software interrupt.
Instruction Operands:
none
CMC Complement Carry Flag: if AF -
oMe pon | oF -
en -
Toggles complement carry flag (CF) to (CF) 1 IFE -
its opposite state and affects no other else OF —
flags. (CF) <0 PF —
Instruction Operands: SF -
none TF -
ZF -
NOTE: The three symbols used in the Flags Affected column are defined as follows:
— the contents of the flag remain unchanged after the instruction is executed
7 the contents of the flag is undefined after the instruction is executed
v'the flag is updated after the instruction is executed
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Table C-4. Instruction Set (Continued)

Name Description Operation A:I:cgtzd

CMP Compare: (dest) — (src) AF v
CMP dest, src gE v
Subtracts the source from the desti- IF ___
nation, which may be bytes or words, OF v
but does not return the result. The PF v
operands are unchanged, but the flags SF v
are updated and can be tested by a TF -
subsequent conditional jump ZF v
instruction. The comparison reflected
in the flags is that of the destination to
the source. If a CMP instruction is
followed by a JG (jump if greater)
instruction, for example, the jump is
taken if the destination operand is
greater than the source operand.

Instruction Operands:

CMP reg, reg
CMP reg, mem
CMP mem, reg
CMP reg, immed
CMP mem, immed
CMP accum, immed

CMPS Compare String: (dest-string) — (src-string) AF v
CMPS dest-string, src-string if OF) <0 g:; v
Subtracts the destination byte or word th(en )= IF -
from the source byte or word. The (SI) « (SI) + DELTA OF v
destination byte or word is addressed (DI) « (DI) + DELTA PF v
by the destination index (D) register else SF v
and the source byte or word is (SI) « (SI) - DELTA TF -
addresses by the source index (Sl) (Dl) « (DI) - DELTA ZE v
register. CMPS updates the fiags to
reflect the relationship of the
destination element to the source
element but does not alter either
operand and updates Sl and DI to
point to the next string element.

Instruction Operands:

CMP dest-string, src-string
CMP (repeat) dest-string, src-string

NOTE: The three symbols used in the Flags Affected column are defined as follows:
— the contents of the flag remain unchanged after the instruction is executed
? the contents of the flag is undefined after the instruction is executed
v'the flag is updated after the instruction is executed
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Table C-4. Instruction Set (Continued)

Flags
Name Description Operation Affected
CWD Convert Word to Doubleword: if AF -
CWD th(AX) < 8000H g:: -
en -
Extends the sign of the word in register (DX) < 0 IFE —
AX throughout register DX. Use to else OF -
prqduce a double—lengtl’) (doubleword) (DX) « FFFFH PF —
dividend from a word prior to SF -
performing word division. TF -
Instruction Operands: ZF -
none
DAA Decimal Adjust for Addition: if AF v
DAA ((AL) and OFH) > 9 or (AF) =1 CFv
h it of } then DF -
Corrects the resu to prewoqsly (AL) « (AL) + 6 IF -
adding two valid packed decimal (AF) <1 OF 2
operands (the destination operand if PF v
must have been register :AL). Chgnges (AL) > 9FH or (CF) = 1 SF v
the content of AL to a pair of valid then TF -
packed decimal digits. (AL) « (AL) + 60H ZE v
Instruction Operands: (CF) 1
none
DAS Decimal Adjust for Subtraction: if AF v
DAS ((AL) and OFH) > 9 or (AF) =1 CFv
h it of ) then DF -
Corrects the result of a previous (AL) « (AL) -6 IF -
subtraction of two valid packed (AF) < 1 OF 2
decimal operands (the destination if PF ‘,
opgrand must have been specified as (AL) > 9FH or (CF) = 1 SF v
register AL). Changes the content of then TF -
A_L .to a pair of valid packed decimal (AL) « (AL) — 60H ZF v
digits. (CF) 1
Instruction Operands:
none
NOTE: The three symbols used in the Flags Affected column are defined as follows:
- the contents of the flag remain unchanged after the instruction is executed
? the contents of the flag is undefined after the instruction is executed
v'the flag is updated after the instruction is executed
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Table C-4. Instruction Set (Continued)

intel.

Flags
Name Description Operation Affected
DEC Decrement: (dest) « (dest) -1 AF v
DEC dest g:; B
Subtracts one from the destination IF _
operand. The operand may be a byte OF v
or a word and is treated as an PF v
unsigned binary number (see AAA and SF v
DAA). TF -
Instruction Operands: ZF v
DEC reg
DEC mem
NOTE: The three symbols used in the Flags Affected column are defined as follows:

— the contents of the flag remain unchanged after the instruction is executed

? the contents of the flag is undefined after the instruction is executed
vthe flag is updated after the instruction is executed
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INSTRUCTION SET DESCRIPTIONS

Table C-4. Instruction Set (Continued)

Flags
Name Description Operation Affected
DIV Divide: When Source Operand is a Byte: AF ?
DIV src (temp) « (byte-src) CF?
P i . if DF -
erforms an unsigned division of the IF -
accumulator (and its extension) by the (temp) / (AX) > FFH OF
source operand. theSnP(type g FLnter;upt is generated) PE 7
If the source operand is a byte, it is E(SF)’)(: g:(S)P)) « FLAGS SF ?
divided into the two-byte dividend (IF) <0 TF -
assumed to be in registers AL and AH. (TF) < 0 ZF ?
The byte quotient is returned in AL, (SP) « (SP) -2
and the byte remainder is returned in ((SP) + 1:(SP)) « (CS)
AH. (CS)  (2)
If the source operand is a word, it is (SP) « (SP) -2
divided into the two-word dividend in ((SP) + 1:(SP)) « (IP)
registers AX and DX. The word (IP) « (0)
quotient is returned in AX, and the else
word remainder is returned in DX. (AL) « (temp) / (AX)
If the quotient exceeds the capacity of (AH) « (temp) % (AX)
its destination register (FFH for byte When Source Operand is a Word:
source, FFFFH for word source), as "
when division by zero is attempted, a |(ft emp) « (word-src)
type 0 interrupt is generated, and the (temp) / (DX:AX) > FFFFH
quotient and remainder are undefined. then (type O interrupt is generated)
Nonintegral quotients are truncated to (SP) « (SP)-2
integers. ((SP) + 1:(SP)) « FLAGS
Instruction Operands: (IF) <0
DIV reg (TF) <0
DIV mem (SP) « (SP) -2
((SP) + 1:(SP)) « (CS)
(CS) « (2
(SP) « (SP) -2
((SP) + 1:(SP)) « (IP)
(IP) « (0)
else
(AX) « (temp) / (DX:AX)
(DX) « (temp) % (DX:AX)
NOTE: The three symbols used in the Flags Affected column are defined as follows:
— the contents of the flag remain unchanged after the instruction is executed
? the contents of the flag is undefined after the instruction is executed
v'the flag is updated after the instruction is executed
C-13



INSTRUCTION SET DESCRIPTIONS

Table C-4. Instruction Set (Continued)

intel.

. Flags
Name Description Operation Affected
ENTER | Procedure Entry: (SP) « (SP) -2 AF -
ENTER locals, levels ((SP) + 1:(SP)) « (BP) CF -
. (FP) « (SP) DF -
Executes the calling sequence for a if F -
high-level language. It saves the
) level > 0 OF -
current frame pointer in BP, copies the then PF —
frame pointers from procedures below repeat (level - 1) times SF —
the current call (to allow access to
. (BP) « (BP) -2 TF -
local variables in these procedures)
(SP) « (SP) -2 ZF -
and allocates space on the stack for .
) ((SP) + 1:(SP)) « (BP)
the local variables of the current
dure | " end repeat
procedure invocation. (SP) « (SP) -2
Instruction Operands: ((SP) + 1:(SP)) « (FP)
ENTER locals, level end if
(BP) « (FP)
(SP) « (SP) - (locals)
ESC Escape: if AF —
ESC mod # 11 CF -
then DF -
Provides a mechanism by which other data bus « (EA) IF —
processors (coprocessors) may OF —
receive their instructions from the 8086 PF -
or 8088 instruction stream and make SF —
use of the 8086 or 8088 addressing TF -
modes. The CPU (8086 or 8088) does ZF _
a no operation (NOP) for the ESC
instruction other than to access a
memory operand and place it on the
bus.
Instruction Operands:
ESC immed, mem
ESC immed, reg
NOTE: The three symbols used in the Flags Affected column are defined as follows:
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— the contents of the flag remain unchanged after the instruction is executed

? the contents of the flag is undefined after the instruction is executed
vthe flag is updated after the instruction is executed
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Table C-4. Instruction Set (Continued)

INSTRUCTION SET DESCRIPTIONS

Name Description Operation Afff:?ti d
HLT Halt: None AF —
HLT gi -
Causes the CPU to enter the halt IE :
state. The processor leaves the halt OF —
state upon activation of the RESET PF —
line, upon receipt of a non-maskable SF -
interrupt request on NMI, or upon TF -
receipt of a maskable interrupt request ZF -
on INTR (if interrupts are enabled).
Instruction Operands:
none
NOTE: The three symbols used in the Flags Affected column are defined as follows:
— the contents of the flag remain unchanged after the instruction is executed
? the contents of the flag is undefined after the instruction is executed
v'the flag is updated after the instruction is executed
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Table C-4. Instruction Set (Continued)

intel.

I . Flags
Name Description Operation Affected
IDIV Integer Divide: When Source Operand is a Byte: AF ?
IDIV src (temp) « (byte-src) CF?
Performs a signed division of the if 5:': _
accumulator (and its extension) by the (temp) / (AX) > 0 and OF 7
source operand. If the source operand (temp) / (AX) > 7FH or PE 2
is a byte, it is divided into the double- (temp) / (AX) < 0 and SF 7
length dividend assumed to be in (temp) / (AX) < 0 - 7FH - 1 TF -
registers AL and AH; the single-length | then (type 0 interrupt is generated) 7F 2
quotient is returned in AL, and the (SP) « (SP) -2 ’
single-length remainder is returned in ((SP) + 1:(SP)) «~ FLAGS
AH. For byte integer division, the (IF) <0
maximum positive quotient is +127 (TF) <0
(7FH) and the minimum negative (SP) « (SP) -2
quotient is =127 (81H). ((SP) + 1:(SP)) « (CS)
. . (CS) « (2
If the source operand is a word: |'t is (SP) « (SP) -2
f:ilwde_d into the double-length'dlwdend ((SP) + 1:(SP)) « (IP)
in registers AX and DX; the single- (IP) « (0)
length quotient is retur.ned in AX, and else
?he snngle-length_ remalndgr. 1§ returned (AL) « (temp) / (AX)
in D)_(. For wor‘d' mteger'dlvn.suon, the (AH) « (temp) % (AX)
maximum positive quotient is +32,767 .
(7FFFH) and the minimum negative When Source Operand is a Word:
quotient is —32,767 (8001H). (temp) « (word-src)
If the quotient is positive and exceeds if
the maximum, or is negative and is (temp) / (DX:AX) > 0 and
less than the minimum, the quotient (temp) / (DX:AX) > 7FFFH or
and remainder are undefined, and a (temp) / (DX:AX) < 0 and
type 0 interrupt is generated. In (temp) / (DX:AX) < 0 - 7FFFH - 1
particular, this occurs if division by 0is | then (type O interrupt is generated)
attempted. Nonintegral quotients are (SP) « (SP) -2
truncated (toward 0) to integers, and ((SP) + 1:(SP)) « FLAGS
the remainder has the same sign as (IF) <0
the dividend. (TF) <0
. (SP) « (SP) -2
Instruction Operands: ((SP) + 1:(SP)) « (CS)
IDIV reg (CS) « (2)
IDIV mem (SP) « (SP) -2
((SP) + 1:(SP)) « (IP)
(IP) « (0)
else
(AX) « (temp) / (DX:AX)
(DX) « (temp) % (DX:AX)
NOTE: The three symbols used in the Flags Affected column are defined as follows:
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— the contents of the flag remain unchanged after the instruction is executed
? the contents of the flag is undefined after the instruction is executed
v'the flag is updated after the instruction is executed
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INSTRUCTION SET DESCRIPTIONS

Table C-4. Instruction Set (Continued)

Flags
Name Description Operation Affected
IMUL Integer Multiply: When Source Operand is a Byte: AF ?
IMUL src (AX) « (byte-src) x (AL) g:: v
Performs a signed multiplication of the it . . IE :
source operand and the accumulator. (AH) = sign-extension of (AL) OF v
If the source is a byte, then it is then PE 2
multiplied by register AL, and the (CF) <0 SF 2
double-length result is returned in AH |  ©Ise TF -
and AL. If the source is a word, then it (CF) <1 ZF 2
is multiplied by register AX, and the (OF) « (CF) '
double-length result is returned in When Source Operand is a Word:
registers DX and AX. If the upper half (DX:AX) « (word-src) x (AX)
of the result (AH for byte source, DX if
for word source) is not the sign (DX) = sign-extension of (AX)
extension of the lower half of the then
result, CF and OF are set; otherwise (CF) «0
they are cleared. WhenCFandOF are | gige
set, they indicate that AH or DX (CF) « 1
contains significant digits of the result. (OF) « (CF)
Instruction Operands:
IMUL reg
IMUL mem
IMUL immed
IN Input Byte or Word: When Source Operand is a Byte: AF —
IN accum, port (AL) « (port) gﬁ -
Transfers a byte or a word from an When Source Operand is a Word: IF ___
mpgt port to the.AL register or the AX (AX) « (port) OF —
register, respectively. The port number PF -
may be specified either with an SF -
immediate byte constant, allowing TF -
access to ports numbered 0 through ZF —
255, or with a number previously
placed in the DX register, allowing
variable access (by changing the value
in DX) to ports numbered from 0
through 65,535.
Instruction Operands:
IN AL, immed8
IN AX, DX
NOTE: The three symbols used in the Flags Affected column are defined as follows:
— the contents of the flag remain unchanged after the instruction is executed
? the contents of the flag is undefined after the instruction is executed
vthe flag is updated after the instruction is executed
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Table C-4. Instruction Set (Continued)

Name Description Operation A;':cgt: d

INC Increment: (dest) « (dest) + 1 AF v
INC dest g": -
Adds one to the destination operand. IE :
The operand may be byte or a word OF v
and is treated as an unsigned binary PF v
number (see AAA and DAA). SF v

Instruction Operands: TF -

INC reg ZF v
INC mem

INS In String: (dest) « (src) AF —
INS dest-string, port » g£ -
Performs block input from an 1/0 port IF :
to memory. The port address is placed OF —
in the DX register. The memory PF —
address is placed in the DI register. SF —
This instruction uses the ES register TE -
(which cannot be overridden). After the ZF -
data transfer takes place, the DI
register increments or decrements,
depending on the value of the direction
flag (DF). The DI register changes by 1
for byte transfers or 2 for word
transfers.

Instruction Operands:

INS dest-string, port
INS (repeat) dest-string, port

NOTE: The three symbols used in the Flags Affected column are defined as follows:
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— the contents of the flag remain unchanged after the instruction is executed
? the contents of the flag is undefined after the instruction is executed
vthe flag is updated after the instruction is executed
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INSTRUCTION SET DESCRIPTIONS

Table C-4. Instruction Set (Continued)

Name Description Operation Aft":cgt: d
INT Interrupt: (SP) « (SP) -2 AF -
INT interrupt-type (I(IEP) +01 {(SP)) « FLAGS SE -
Activates the interrupt procedure ET;)T— 0 IE ;
specified by the interrupt-type (SP) « (SP) -2 OF -
operand. Decrements the stack pointer ((SP) + 1:(SP)) « (CS) PF —
by two, pushes the flags onto the (CS) « (interrupt-type x 4 + 2) SF -
stack, and clears the trap (TF) and (SP) « (SP) -2 TF v
interrupt-enable (IF) flags to disable ((SP) + 1:(SP)) « (IP) ZF —
single-step and maskable interrupts. P in.terru t-type x 4
The flags are stored in the format used (IP) = pt-type x 4)
by the PUSHF instruction. SP is
decremented again by two, and the CS
register is pushed onto the stack.
The address of the interrupt pointer is
calculated by multiplying interrupt-
type by four; the second word of the
interrupt pointer replaces CS. SP
again is decremented by two, and IP is
pushed onto the stack and is replaced
by the first word of the interrupt pointer.
If interrupt-type = 3, the assembler
generates a short (1 byte) form of the
instruction, known as the breakpoint
interrupt.
Instruction Operands:
INT immed8
NOTE: The three symbols used in the Flags Affected column are defined as follows:

— the contents of the flag remain unchanged after the instruction is executed

? the contents of the flag is undefined after the instruction is executed

v'the flag is updated after the instruction is executed
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Table C-4. Instruction Set (Continued)

Flags
Name Description Operation Affected
INTO Interrupt on Overflow: if AF —
INTO (OF) =1 CF -
th -
Generates a software interrupt if the (eSnP) «(SP)-2 I?:F _
overflow flag (OF) is set; otherwise ((SP) + 1:(SP)) « FLAGS OF —
control proceeds to the following (IF) <0 PF —
instruction without activating an (TF) <0 SF —
interrupt procedure. INTO addresses (SP) « (SP) -2 TF —
the target interrupt procedure (its type ((SP) + 1:(SP)) « (CS) ZF —
is 4) through the interrupt pointer at (CS) « (i 2H)
location 10H; it clears the TF and IF (SP) « (SP) -2
flags and otherwise operates like INT. ((SP) + 1:(SP)) « (IP)
INTO may be written following an (1P) < (1 6H)
arithmetic or logical operation to
activate an interrupt procedure if
overflow occurs.
Instruction Operands:
none
IRET Interrupt Return: (IP) « ((SP) + 1:(SP)) AF v
IRET (SP) « (SP) +2 CFv
C SP) + 1: v
Transfers control back to the point of {Si)) : («SP)) ++2 (SP) ::":F v
interruption by popping IP, CS, and the .
FLAGS « ((SP) + 1:(SP)) OF v
flags from the stack. IRET thus affects
. (SP) < (SP) +2 PF v
all flags by restoring them to previously SF v
saved values. IRET is used to exit any TE v
interrupt procedure, whether activated ZF v
by hardware or software.
Instruction Operands:
none
JA Jump on Above: if AF —
JNBE Jump on Not Below or Equal: ((CF) = 0) or ((ZF) = 0) CF -
JA disp8 then o | PF-
JNBE disp8 (IP) « (IP) + disp8 (sign-ext to 16 bits) | IF —
Transfers control to the target location gg :
if the tested condition ((CF=0) or SF —
(ZF=0)) is true. TF -
Instruction Operands: ZF -
JA short-label
JNBE short-label
NOTE: The three symbols used in the Flags Affected column are defined as follows:
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Table C-4. Instruction Set (Continued)

i . Flags
Name Description Operation Affected
JAE Jump on Above or Equal: if AF -
JNB Jump on Not Below: (CF)=0 CF -
JAE disp8 then o ~|PF-
JNB disp8 (IP) « (IP) + disp8 (sign-ext to 16 bits) | IF —
Transfers control to the target location g::: :
if the tested condition (CF = 0) is true. SF —
Instruction Operands: TF -
JAE short-label ZF -
JNB short-label
JB Jump on Below: if AF -
JNAE Jump on Not Above or Equal: (CF)=1 CF -
JB disp8 then ) ) DF -
JNAE disp8 (IP) « (IP) + disp8 (sign-ext to 16 bits) | IF —
OF -
Transfers control to the target location PF —
if the tested condition (CF = 1) is true. SF -
Instruction Operands: TF -
JB short-label ZF -
JNAE short-label
JBE Jump on Below or Equal: if AF —
JNA Jump on Not Above: ((CF)=1)or((ZF)=1) CF -
JBE disp8 then _ DF —
JNA disp8 (IP) « (IP) + disp8 (sign-ext to 16 bits) | IF —
OF ~
Transfers control to the target location PF —
if the tested condition ((C =1) or SF -
(ZF=1)) is true. TF -
Instruction Operands: ZF —
JBE short-label
JNA short-label
JC Jump on Carry: if AF —
JC disp8 (CF) =1 CF -
Transfers control to the target location then DF -
IP IP) + disp8 (sign-ext to 16 bits) | IF —
if the tested condition (CF=1) is true. (IP) < (IP) + disp8 (sign-e its) OF —
Instruction Operands: PF —
JC short-label SF -
TF -
ZF -
NOTE: The three symbols used in the Flags Affected column are defined as follows:
—the contents of the flag remain unchanged after the instruction is executed
? the contents of the flag is undefined after the instruction is executed
v'the flag is updated after the instruction is executed
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Table C-4. Instruction Set (Continued)

Flags
Name Description Operation Affected
JCXZ Jump if CX Zero: if AF -
JCXZ disp8 m(CX) =0 g£ -
en -
Transfers control to the target location y _
if CX is 0. Useful at the beginning of a (IP) = (IP) + disp8 (sign-ext to 16 bits) | IF
OF -
loop to bypass the loop if CX has a PF —
zero value, i.e., to execute the loop SF -
zero times. TF -
Instruction Operands: ZF -
JCXZ short-label
JE Jump on Equal: if AF -
JZ Jump on Zero: (ZF) =1 CF -
JE disp8 then | PF-
JZ disp8 (IP) « (IP) + disp8 (sign-ext to 16 bits) | IF —
Transfers control to the target location gg :
if the condition tested (ZF = 1) is true. SF -
Instruction Operands: TF -
JE short-label ZF -
JZ short-label
JG Jump on Greater Than: if AF -
JNLE Jump on Not Less Than or Equal: ((SF) = (OF)) and ((ZF) = 0) CF -
JG disp8 then ' -~ |PF-
JINLE disp8 (IP) « (IP) + disp8 (sign-ext to 16 bits) | IF —
F -
Transfers control to the target location gF _
if the condition tested (SF = OF) and SF —
(ZF=0) is true. TF -
Instruction Operands: ZF -
JG short-label
JNLE short-label
JGE Jump on Greater Than or Equal: if AF -
JNL Jump on Not Less Than: (SF) = (OF) CF -
JGE disp8 then DF -
JINL disp8 (IP) « (IP) + disp8 (sign-ext to 16 bits) | IF —
F -
Transfers control to the target location <P)F _
if the condition tested (SF=OF) is true. SF —
Instruction Operands: TF -
JGE short-label ZF -
JNL short-label
NOTE: The three symbols used in the Flags Affected column are defined as follows:
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Table C-4. Instruction Set (Continued)

e Flags
Name Description Operation Affected
JL Jump on Less Than: if AF —
JNGE Jump on Not Greater Than or Equal: (SF) # (OF) CF -
JL disp8 then DF -
JNGE disp8 (|P) <« (IP) + disp8 (sign-e)d to 16 bits) | IF -
F -
Transfers control to the target location gF _
if the condition tested (SF=OF) is true. SF -
Instruction Operands: TF -
JL short-label ZF -
JNGE short-label
JLE Jump on Less Than or Equal: if AF -
JNG Jump on Not Greater Than: ((SF) # (OF)) or ((ZF) = 1) CF -
JGE disp8 then o | PF-
JINL disp8 (IP) « (IP) + disp8 (sign-ext to 16 bits) | IF —
OF -
Transfers control to the target location PF —
If the condition tested ((SF+#OF) or SF -
(ZF=0)) is true. TF -
Instruction Operands: ZF -
JGE short-label
JNL short-label
JMP Jump Unconditionally: if AF -
JMP target Inter-segment CF -
. then DF -
Transfers control to the target location. (CS) « SEG IF -
Instruction Operands: (IP) « dest OF -
JMP short-label PF -
JMP near-label SF -
JMP far-label TF -
JMP memptr ZF -
JMP regptr
JNC Jump on Not Carry: if AF -
JNC disp8 (CF)=0 CF -
Transfers control to the target location then DF -
IP IP) + disp8 (sign-ext to 16 bits) | IF -
if the tested condition (CF=0) istrue. | () < (F) + IsP8 (s1g e
Instruction Operands: PF -
JNC short-label SF -
TF -
ZF -
NOTE: The three symbols used in the Flags Affected column are defined as follows:
—the contents of the flag remain unchanged after the instruction is executed
? the contents of the flag is undefined after the instruction is executed
v'the flag is updated after the instruction is executed
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Table C-4. Instruction Set (Continued)

intel.

Flags
Name Description Operation Affected
JNE Jump on Not Equal: if AF —
JNZ Jump on Not Zero: (ZF)=0 CF -
JNE disp8 then o | PbF-
JINZ disp8 (IP) « (IP) + disp8 (sign-ext to 16 bits) | IF —
Transfers control to the target location gl': :
if the tested condition (ZF = 0) is true. SF —
Instruction Operands: TF -
JNE short-label ZF -
JNZ short-label
JNO Jump on Not Overflow: if AF —
JNO disp8 (OF)=0 CF -
Transfers control to the target location then DF -
IP IP) + disp8 (sign-ext to 16 bi -
if the tested condition (OF = 0) is true. (IP) & (IP) + disp8 (sign-ext to its) gF _
Instruction Operands: PF —
JNO short-label SF -
TF -
ZF -
JNS Jump on Not Sign: if AF —
JINS disp8 (SF)=0 CF -
Transfers control to the target location then DF -
IP) « (IP) + di ign- 16 bi -
if the tested condition (SF = 0) is true. ( ) < (IP) + disp8 (sign-ext to 16 bits) I(I):F _
Instruction Operands: PF -
JNS short-label SF -
TF -
ZF -
JNP Jump on Not Parity: if AF —
JPO Jump on Parity Odd: (PF)=0 CF -
JNO disp8 then DF —
JPO disp8 (IP) « (IP) + disp8 (sign-ext to 16 bits) | IF —
OF -
Transfers control to the target location PF -
if the tested condition (PF=0) is true. SF —
Instruction Operands: TF -
JNO short-label ZF -
JPO short-label
NOTE: The three symbols used in the Flags Affected column are defined as follows:
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Table C-4. Instruction Set (Continued)

Name Description Operation AfFf':cgtzd
JO Jump on Overflow: if AF -
JO disp8 (OF) =1 CF -
Transfers control to the target location then DF -
| 1P i ign- 16 bi IF -
i the tested condition (OF = 1) is true. | () < () +disp8 (sign-extto 16 bits) OF -
Instruction Operands: PF -
JO short-label SF -
TF -
ZF -
JP Jump on Parity: if AF -
JPE Jump on Parity Equal: (PF)=1 CF -
JP disp8 then i . ) DF -
JPE disp8 (IP) « (IP) + disp8 (sign-ext to 16 bits) | IF —
OF -
Transfers control to the target location PF —
if the tested condition (PF = 1) is true. SF -
Instruction Format: TF -
JP short-label ZF -
JPE short-label
JS Jump on Sign: if AF —
JS disp8 (SF) =1 CF -
| . then DF -
Transfers control to the target Igcatlon (IP) « (IP) + disp8 (sign-ext to 16 bits) | IF —
if the tested condition (SF = 1) is true. OF -
Instruction Format: PF -
JS short-label SF -
TF -
ZF -
LAHF Load Register AH From Flags: (AH) « (SF):(ZF):X:(AF):X:(PF):X:(CF) | AF —
LAHF ‘D:E -
Copies SF, ZF, AF, PF and CF (the IF -
8080/8085 flags) into bits 7, 6, 4, 2 and OF -
0, respectively, of register AH. The PF —
content of bits 5, 3, and 1 are SF —
undefined. LAHF is provided primarily TF -
for converting 8080/8085 assembly ZF —
language programs to run on an 8086
or 8088.
Instruction Operands:
none
NOTE: The three symbols used in the Flags Affected column are defined as follows:
- the contents of the flag remain unchanged after the instruction is executed
? the contents of the flag is undefined after the instruction is executed
v'the flag is updated after the instruction is executed
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Table C-4. Instruction Set (Continued)

. . Flags
Name Description Operation Affected
LDS Load Pointer Using DS: (dest) « (EA) AF —
LDS dest, src (DS) « (EA+2) g:: -
Transfers a 32-bit pointer variable from IF :
the source operand, which must be a OF -
memory operand, to the destination PF —
operand and register DS. The offset SF -
word of the pointer is transferred to the TF -
destination operand, which may be ZF —
any 16-bit general register. The
segment word of the pointer is
transferred to register DS.
Instruction Operands:
LDS reg16, mem32
LEA Load Effective Address: (dest) « EA AF —
LEA dest, src g'l';' -
Transfers the offset of the source ! IE :
operand (rather than its value) to the OF —
destination operand. PF —
Instruction Operands: SF -
LEA reg16, mem16 TF -
ZF -
LEAVE Leave: (SP) « (BP) AF —
: LEAVE (BP) « ((SP) + 1:(SP)) CF -
) (SP) < (SP) +2 DF -
Reverses the action of the most recent IF -
ENTER instruction. Collapses the last OF -
stack frame created. First, LEAVE PE —
copies the current BP to the stack SF —
pointer releasing the stack space TF -
allocated to the current procedure. ZF —
Second, LEAVE pops the old value of
BP from the stack, to return to the
calling procedure's stack frame. A
return (RET) instruction will remove
arguments stacked by the calling
procedure for use by the called
procedure.
Instruction Operands:
none
NOTE: The three symbols used in the Flags Affected column are defined as follows:
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INSTRUCTION SET DESCRIPTIONS

Table C-4. Instruction Set (Continued)

Name Description Operation A:ffgt: d
LES Load Pointer Using ES: (dest) « (EA) AF —
LES dest, src (ES) « (EA +2) CF -
Transfers a 32-bit pointer variable from :?:F :
the source operand to the destination OF -
operand and register ES. The offset PF —
word of the pointer is transferred to the SF —
destination operand. The segment TF -
word of the pointer is transferred to ZF -
register ES.
Instruction Operands:
LES reg16, mem32
LOCK Lock the Bus: none AF —
LOCK g£ -
Causes the 8088 (configured in IF -
maximum mode) to assert its bus OF —
LOCK signal while the following PF —
instruction executes. The instruction SF —
most useful in this context is an TF -
exchange register with memory. ZF —
The LOCK prefix may be combined
with the segment override and/or REP
prefixes.
Instruction Operands:
none
NOTE: The three symbols used in the Flags Affected column are defined as follows:
- the contents of the flag remain unchanged after the instruction is executed
? the contents of the flag is undefined after the instruction is executed
v'the flag is updated after the instruction is executed
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Table C-4. Instruction Set (Continued)

. : Flags
Name Description Operation Affected
LODS Load String (Byte or Word): When Source Operand is a Byte: AF —
LODS src-string (AL) « (src-string) gl'z -
Transfers the byte or word string if IF :
element addressed by Sl to register AL (BF)=0 OF —
or AX and updates SI to point to the then PF —
next element in the string. This (SI) « (SI) + DELTA SF —
instruction is not ordinarily repeated else TF -
since the accumulator would be (S1) « (St) - DELTA 7F -
overwritten by each repetition, and When Source Operand is a Word:
only. the last element would be (AX) « (src-string)
retained. if
Instruction Operands: (DF) =0
LODS src-string then
LODS (repeat) src-string I(SI) « (S1) + DELTA
else
(Sl) « (S!) - DELTA
LOOP Loop: (CX) « (CX) -1 AF —
LOOP disp8 if X0 gi -
# -
Decrements CX by 1 and transfers th(en ) IF —
control to the_target |'ocat|on. if CX is (IP) < (IP) + disp8 (sign-ext to 16 bits) | OF —
not 0; otherwise the instruction PF —
following LOOP is executed. SF -
Instruction Operands: TF -
LOOP short-label ZF -
LOOPE | Loop While Equal: (CX) « (CX) -1 AF -
LOOPZ | Loop While Zero: if CF -
LOOPE disp8 (ZF)=1and (CX)#0 DF -
LOOPZ disp5 th?; IP) + disp8 (sign-ext to 16 bit gF -
isp8 (sign-ext to its -
Decrements CX by 1 and transfers (IP)=(IP) + disp8 (sig ) PF —
control is to the target location if CX is SF -
not 0 and if ZF is set; otherwise the TF —
next sequential instruction is executed. ZF -
Instruction Operands:
LOOPE short-label
LOOPZ short-label

NOTE: The three symbols used in the Flags Affected column are defined as follows:
— the contents of the flag remain unchanged after the instruction is executed
? the contents of the flag is undefined after the instruction is executed
v'the flag is updated after the instruction is executed
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Table C-4. Instruction Set (Continued)

. Flags
D
Name escription Operation Affected
LOOPNE | Loop While Not Equal: (CX) « (CX) -1 AF -
LOOPNZ | Loop While Not Zero: if CF -
LOOPNE disp8 (ZF)=0and (CX)#0 DF -
LOOPNZ disp8 thT; 1P + disns (sion-ext 1o 16 bit IOFF -
Decrements CX by 1 and transfers (IP) = (IP) + disp8 (sign-ext to s) PF :
control to the target location if CX is SF -
not 0 and if ZF is clear; otherwise the TF -
next sequential instruction is executed. ZF -
Instruction Operands: '
LOOPNE short-label
LOOPNZ short-label
MOV Move (Byte or Word): (dest)«(src) AF —
MOV dest, src g:: -
Transfers a byte or a word from the IF :
source operand to the destination OF —
operand. PF -
Instruction Operands: SF -
MOV mem, accum TF -
MOV accum, mem ZF -
MOV reg, reg
MOV reg, mem
MOV mem, reg
MOV reg, immed
MOV mem, immed
MOV seg-reg, reg16
MOV seg-reg, mem16
MOV reg16, seg-reg
MOV mem186, seg-reg
NOTE: The three symbols used in the Flags Affected column are defined as follows:
— the contents of the flag remain unchanged after the instruction is executed
? the contents of the flag is undefined after the instruction is executed
v'the flag is updated after the instruction is executed
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Table C-4. Instruction Set (Continued)

Flags
Name Description Operation Affected
MOVS Move String: (dest-string) « (src-string) AF —
MOVS dest-string, sre-string gi -
Transfers a byte or a word from the IF :
source string (addressed by Sl) to the OF —
destination string (addressed by DI) PF —
and updates Sl and DI to point to the SF -
next string element. When used in TF -
conjunction with REP, MOVS
ZF -
performs a memory-to-memory block
transfer.
Instruction Operands:
MOVS dest-string, src-string
MOVS (repeat) dest-string, src-string
MUL Multiply: When Source Operand is a Byte: AF ?
MUL src (AX) « (AL) x (src) g,i v
Performs an unsigned multiplication of if IF :
the source operand and the accumu- (AH) =0 OF v
lator. If the source is a byte, then it is then PE 2
multiplied by register AL, and the (CF) <0 SF 7
double-length result is returned in AH else TF -
and AL. If the source operand is a (CF) 1 ZF 2
word, then it is multiplied by register (OF) « (CF) )
AX, and the double-length result is When Source Operand is a Word:
returned in registers DX and AX. The (DX:AX) « (AX) x (src)
operands are treated as unsigned if
binary numbers (see AAM). If the (0X) =0
upper half of the result (AH for byte then
source, DX for word source) is non- (CF) «0
zero, CF and OF are set; otherwise else
they are cleared. (CF) «1
Instruction Operands: (OF) « (CF)
MUL reg
MUL mem
NOTE: The three symbols used in the Flags Affected column are defined as follows:
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Table C-4. Instruction Set (Continued)

Name Description Operation A:fl:cgt: d
NEG Negate: When Source Operand is a Byte: AF v
NEG dest (dest) « FFH — (dest) g": v
Subtracts the destination operand, (dest) « (dest) + 1 (affecting flags) IF B
which may be a byte or a word, from 0 | When Source Operand is a Word: OF v
and returns the result to the desti- (dest) « FFFFH — (dest) PF v
nation. This forms the two's ) (dest) « (dest) + 1 (affecting flags) SF v
complement of the number, effectively TF -
reversing the sign of an integer. If the ZF v
operand is zero, its sign is not
changed. Attempting to negate a byte
containing —128 or a word containing —
32,768 causes no change to the
operand and sets OF.
Instruction Operands:
NEG reg
NEG mem
NOP No Operation: None AF -
NOP gl': -
Causes the CPU to do nothing. IF :
Instruction Operands: OF -
none PF -
SF -
TF -
ZF -
NOT Logical Not: When Source Operand is a Byte: AF —
NOT dest (dest) « FFH — (dest) gi -
Inverts the bits (forms the one's When Source Operand is a Word.: IF —
complement) of the byte or word (dest) « FFFFH — (dest) OF —
operand. PF —
Instruction Operands: SF -
NOT reg TF -
NOT mem ZF -
NOTE: The three symbols used in the Flags Affected column are defined as follows:
—the contents of the flag remain unchanged after the instruction is executed
? the contents of the flag is undefined after the instruction is executed
v'the flag is updated after the instruction is executed
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Table C-4. Instruction Set (Continued)

Name Description Operation A:f?cgt: d

OR Logical OR: (dest) « (dest) or (src) AF ?
OR dest,src (g':_) ‘—g gi v
Performs the logical "inclusive or" of (OF) = IF _-_
the two operands (bytes or words) and OF v
returns the result to the destination PF v
operand. A bit in the result is set if SF v
either or both corresponding bits in the TF -
original operands are set; otherwise ZF v
the result bit is cleared.

Instruction Operands:

OR reg, reg
OR reg, mem
OR mem, reg
OR accum, immed
OR reg, immed
OR mem, immed

ouT Output: (dest) « (src) AF —
OUT port, accumulator g:z -
Transfers a byte or a word from the AL IF :
register or the AX register, respec- OF -
tively, to an output port. The port PF —
number may be specified either with SF -
an immediate byte constant, allowing F
access to ports numbered 0 through ZF -
255, or with a number previously
placed in register DX, allowing variable
access (by changing the value in DX)
to ports numbered from 0 through
65,535.

Instruction Operands:

OUT immed8, AL
OUT DX, AX

NOTE: The three symbols used in the Flags Affected column are defined as follows:
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Table C-4. Instruction Set (Continued)

Name Description Operation A:flzgt:d
OUTS Out String: (dst) « (src) AF —
OUTS port, src_string g£ -
Performs block output from memory to IF :
an I/O port. The port address is placed OF -
in the DX register. The memory PE —
address is placed in the S| register. SF —
This instruction uses the DS segment TF -
register, but this may be changed with ZF -
a segment override instruction. After
the data transfer takes place, the
pointer register (Sl) increments or
decrements, depending on the value
of the direction flag (DF). The pointer
register changes by 1 for byte '
transfers or 2 for word transfers.
Instruction Operands:
OUTS port, src_string
OUTS (repeat) port, src_string
POP Pop: (dest) « ((SP) + 1:(SP)) AF -
POP dest (SP) < (SP) +2 CF -
DF -
Transfers the word at the current top of IF —
stack (pointed to by SP) to the OF -
destination operand and then PF —
increments SP by two to point to the SF —
new top of stack. TF -
Instruction Operands: ZF -
POP reg
POP seg-reg (CS illegal)
POP mem
NOTE: The three symbols used in the Flags Affected column are defined as follows:
— the contents of the flag remain unchanged after the instruction is executed
? the contents of the flag is undefined after the instruction is executed
v'the flag is updated after the instruction is executed
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Table C-4. Instruction Set (Continued)

Flags
Name Description Operation Affected
POPA Pop All: (DI) « ((SP) + 1:(SP)) AF -
POPA (SP) < (SP)+2 CF -
Pops all data, pointer, and index (S « ((SP) + 1:(SP) DF -
isters off of the stack. The SP value | or) < (SF) +2 P -
regisf e;g od_o :sdac -The SPvalue | (Bp)  ((SP) + 1:(SP)) OF -
popped is discarded. (SP) « (SP) + 2 PF —
Instruction Operands: (BX) « ((SP) + 1:(SP)) SF -
none (SP) « (SP) +2 TF -
(DX) « ((SP) + 1:(SP)) ZF -
(SP) « (SP) +2
(CX) « ((SP) + 1:(SP))
(SP) « (SP) +2
(AX) « ((SP) + 1:(SP))
. (SP) « (SP) + 2
POPF Pop Flags: Flags « ((SP) + 1:(SP)) AF v
POPF (SP) « (SP) + 2 CF v
v
Transfers specific bits from the word at :?=F v
the current top of stack (pointed to by OF v
register SP) into the 8086/8088 flags, PF v
replacing whatever values the flags SFv
previously contained. SP is then TF v
incremented by two to point to the new ZF v
top of stack.
Ingtruction Onerands:
none
PUSH Push: (SP) « (SP) -2 AF -
PUSH src ((SP) + 1:(SP)) « (src) CF -
DF -
Decrements SP by two and then IFF _
transfers a word from the source OF —
operand to the top of stack now PF -
pointed to by SP. SF —
Instruction Operands: TF -
PUSH reg ZF -
PUSH seg-reg (CS legal)
PUSH mem
NOTE: The three symbols used in the Flags Affected column are defined as follows:
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Table C-4. Instruction Set (Continued)

Name Description Operation A::fleacgt: d

PUSHA | Push All temp « (SP) AF -
PUSHA (SP) «— (SP) -2 CF -

P) + 1:(SP AX -
Pushes all data, pointer, and index Egsp)) (: (S(lf) 1);— (AX) :'?:F _
registers onto the stack . The order in .

4 g - ((SP) + 1:(SP)) « (CX) OF -
which the registers are saved is: AX, (SP) « (SP) -2 PF —
CX, DX, BX, SP, BP, Sl, and DI. The .

- ((SP) + 1:(SP)) « (DX) SF -
SP value pushed is the SP value (SP) « (SP) -2 TF -
before the first register (AX) is pushed. ((SP) + 1:(SP)) « (BX) ZF -
Instruction Operands: (SP) « (SP)-2
none ((SP) + 1:(SP)) « (temp)
(SP) « (SP) -2
((SP) + 1:(SP)) « (BP)
(SP) « (SP)-2
((SP) + 1:(SP)) « (S))
(SP) « (SP) -2
((SP) + 1:(SP)) « (DV)

PUSHF | Push Flags: (SP) «(SP)-2 AF -
PUSHF ((SP) + 1:(SP)) « Flags gg -
Decrements SP by two and then IF :
transfers all flags to the word at the top OF -
of stack pointed to by SP. PF -

Instruction Operands: SF -
none TF -
ZF -

NOTE: The three symbols used in the Flags Affected column are defined as follows:

— the contents of the flag remain unchanged after the instruction is executed
? the contents of the flag is undefined after the instruction is executed
v'the flag is updated after the instruction is executed
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Table C-4. Instruction Set (Continued)

’ Flags
Name Description Operation Affected
RCL Rotate Through Carry Left: (temp) « count AF -
RCL dest, count do while (temp) =0 CF v
t C DF -
- Rotates the bits in the byte or word ﬁ(r:r'\:;;cz (I;g(h-zder bit of (dest) ":F -
destination operand to the left by the (dest) « (dest) x 2 + (tmpcf) OF v
number of bits specified in the count (temp) « (temp) — 1 PF -
operand. The carry flag (CF) is treated if SF -
as "part of" the destination operand; count = 1 TF -
that is, its value is rotated into the low- then ZF -
order bit of the destination, and itself is if
;eplta.xcec'l by the high-order bit of the high-order bit of (dest) # (CF)
estination. then
Instruction Operands: (OF) «1
RCL reg, n else
RCL mem, n (OF) <0
RCL reg, CL else
RCL mem, CL (OF) undefined
RCR Rotate Through Carry Right: (temp) « count AF —
RCR dest, count do while (temp) # 0 CF v
CF DF -
Operates exactly like RCL except that Eg:’;cg(lzvs-orzer bit of (dest) IF —
the bits are rotated right instead of left. (dest) « (dest) / 2 OF v
Instruction Operands: high-order bit of (dest) « (tmpcf) PF -
RCR reg, n _ (temp) « (temp) -1 SF -
RCR mem, n it i
RCRreg, CL count =1 ZF -
RCR mem, CL th;ﬂ
high-order bit of (dest) #
next-to-high-order bit of (dest)
then
(OF) «1
else
(OF) <0
else
(OF) undefined
NOTE: The three symbols used in the Flags Affected column are defined as follows:
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Table C-4. Instruction Set (Continued)

Description

Operation

Flags
Affected

REP
REPE
REPZ
REPNE
REPNZ

Repeat:

Repeat While Equal:
Repeat While Zero:
Repeat While Not Equal:
Repeat While Not Zero:

Controls subsequent string instruction
repetition. The different mnemonics
are provided to improve program
clarity.

REP is used in conjunction with the
MOVS (Move String) and STOS (Store
String) instructions and is interpreted
as "repeat while not end-of-string" (CX
not 0). ‘

REPE and REPZ operate identically
and are physically the same prefix byte
as REP. These instructions are used
with the CMPS (Compare String) and
SCAS (Scan String) instructions and
require ZF (posted by these instruc-
tions) to be set before initiating the
next repetition.

REPNE and REPNZ are mnemonics
for the same prefix byte. These
instructions function the same as
REPE and REPZ except that the zero
flag must be cleared or the repetition is
terminated. ZF does not need to be
initialized before executing the
repeated string instruction.

Instruction Operands:
none

do while (CX) #0
service pending interrupts (if any)
execute primitive string
Operation in succeeding byte
(CX) « (CX) -1
if
primitive operation is CMPB,
CMPW, SCAB, or SCAW and
(ZF)#0
then
exit from while loop

AF -
CF-
DF -
IF -
OF -
PF —
SF -
TF -
ZF -

NOTE: The three symbols used in the Flags Affected column are defined as follows:
- the contents of the flag remain unchanged after the instruction is executed
? the contents of the flag is undefined after the instruction is executed
vthe flag is updated after the instruction is executed
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Table C-4. Instruction Set (Continued)

Name Description Operation Arfleacg;d
RET Return: (IP) « ((SP) = 1:(SP)) AF -
RET optional-pop-value .(fSP) «(SP)+2 (D:E -
i -
Transfers cc?ntrol fr9m a procfedure inter-segment F -
back to the instruction following the then OF —
CALL that activated the procedure. (CS) « ((SP) + 1:(SP)) PF -
The assembler generates an intra- (SP) « (SP) + 2 ’ SF -
segment RET if the programmer has if TF -
fiefmed the proced}zre near, or an add immeds to SP ZF —
intersegment RET if the procedure has then
been defined as far. RET pops the SP SP) + data
word at the top of the stack (pointed to (SP) < (SP) +
by register SP) into the instruction
pointer and increments SP by two. If
RET is intersegment, the word at the
new top of stack is popped into the CS
register, and SP is again incremented
by two. If an optional pop value has
been specified, RET adds that value to
SP.
Instruction Operands:
RET immed8
ROL Rotate Left: (temp) « count AF -
ROL dest, count donghiIe (:?rr;‘p) :dg bit of (et g'; v
-order bit of (des -
Rotates the destination byte or word Edes)t)(_ - I(?:Iest) X2+ (C'_E) ) F —
left by the number of bits specified in (temp) « (temp) — 1 OF v
the count operand. if PF —
Instruction Operands: count = 1 SF -
ROL reg, n thgn TF -
ROL mem, n if ZF -
ROL reg, CL high-order bit of (dest) # (CF)
ROL mem CL then
(OF) 1
else
(OF) «0
else
_ (OF) undefined
NOTE: The three symbols used in the Flags Affected column are defined as follows:
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Table C-4. Instruction Set (Continued)

Flags
Name Description Operation Affected
ROR Rotate Right: (temp) « count AF —
ROR dest, count do while (temp) # 0 CF v
F - i -
Operates similar to ROL except that Ec?es)t)(_ (_Io(gec;l;()it/arzblt of (dest) ::')=F _
e B o aosination yte orword | high-order bit of (dest) - (CF) OF v
are rotated right instead of left. (temp) « (temp) — 1 PF —
Instruction Operands: if SF -
RORreg, n count =1 TF -
ROR mem, n then ZF -
ROR reg, CL if
ROR mem, CL high-order bit of (dest) =
next-to-high-order bit of (dest)
then
(OF) «1
else
(OF)«0
else
(OF) undefined
SAHF Store Register AH Into Flags: (SF):(ZF):X:(AF):X:(PF):X:(CF) « (AH) | AF v
SAHF SE v
Transfers bits 7, 6, 4, 2, and 0 from IF :
register AH into SF, ZF, AF, PF, and CF, OF —
respectively, replacing whatever PE v
values these flags previously had. SF v
Instruction Operands: TF -
none ZF v
NOTE: The three symbols used in the Flags Affected column are defined as follows:
— the contents of the flag remain unchanged after the instruction is executed
? the contents of the flag is undefined after the instruction is executed
v'the flag is updated after the instruction is executed
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Table C-4. Instruction Set (Continued)

Name Description Operation A::::cthd
SHL Shift Logical Left: (temp) « count AF ?
SAL Shift Arithmetic Left: do while (temp) #0 CF v
SHL dest, count (CF) « high-order bit of (dest) DF -
SAL dest, count (dest) « (dest) x 2 IF -
Shifts the destination byte or word left if (temp) «- (temp) — 1 gl': ;
by the number of bits specified in the count = 1 SF v
count operand. Zeros are shifted in on then TF -
the right. If the sign bit retains its if ZF v
original value, then OF is cleared. high-order bit of (dest) # (CE)
Instruction Operands: then
SHL reg, n SAL reg, n (OF) 1
SHLmem,n  SAL mem,n else
SHLreg, CL  SALreg, CL (OF) <0
SHL mem, CL  SAL mem, CL else
(OF) undefined

SAR Shift Arithmetic Right: (temp) « count AF ?
SAR dest, count do while (temp) #0 CFv
Shifts the bits in the destination ég:gt;' (_"’(‘g'e‘;?frzb" of (dest) lt,):F -
operand (byte or word) to the right by (temp) « (temp) — 1 OF v
the number of bits specified in the if PE v
count operand. Bits equal to the count = 1 SF v
original high-order (sign) bit are shifted then TF -
in on the left, preserving the sian of the i zE s
original value. Note that SAR does not high-order bit of (dest) #
produce the same result as the next-to-high-order bit of (dest)
dividend of an "equivalent" IDIV then.
instruction if the destination operand is (OF) <1
negative and 1 bits are shifted out. For else
example, shifting -5 right by one bit (OF) <0
yields -3, while integer division -5 by 2 else
yields —2. The difference in the instruc- (OF) <0
tions is that IDIV truncates all numbers
toward zero, while SAR truncates
positive numbers toward zero and
negative numbers toward negative
infinity.

Instruction Operands:

SARreg, n
SAR mem, n
SAR reg, CL
SAR mem, CL ]

NOTE: The three symbols used in the Flags Affected column are defined as follows:
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. INSTRUCTION SET DESCRIPTIONS

Table C-4. Instruction Set (Continued)

Name Description Operation A:‘:fl:cgt: d
SBB Subtract With Borrow: if AF v
SBB dest, src th(C") =1 g:: v
" en -
Su?tracts the source f.rom t_he desti- (dest) = (dest) — (src) — 1 IE —
nation, subtracts one if CF is set, and else OF v
returns the result to the destination (dest) « (dest) — (src) PF v
operand. Both operands may be bytes SF v
or words. Both operands may be TF -
signed or unsigned binary numbers ZF v
(see AAS and DAS)
Instruction Operands:
SBB reg, reg
SBB reg, mem
SBB mem, reg
SBB accum, immed
SBB reg, immed
SBB mem, immed
NOTE: The three symbols used in the Flags Affected column are defined as follows:
—the contents of the flag remain unchanged after the instruction is executed
? the contents of the flag is undefined after the instruction is executed
v'the flag is updated after the instruction is executed
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Table C-4. Instruction Set (Continued)

intel.

Name Description Operation A:f::gt: d

SCAS Scan String: When Source Operand is a Byte: AF v
SCAS dest-string (AL) — (byte-string) CF v
Subtracts the destination string if :?:F :
element (byte or word) addressed by (OF)=0 OF v
DI from the content of AL (byte string) | then PE v
or AX (word string) and updates the (DI)  (DI) + DELTA SF v
flags, but does not alter the destination | ©ISe TF -
string or the accumulator. SCAS also (D1) « (DI) - DELTA ZF v
updates DI to point to the next string When Source Operand is a Word:
element and AF, CF, OF, PF, SF and (AX) - (word-string)
ZF to reflect the relationship of the if
scan value in AL/AX to the string (DF) =0
element. If SCAS is prefixed with then
REPE or REPZ, the operation is (DI) « (D) + DELTA
interpreted as "scan while not end-of- | 45
string (CX not 0) and string-element = (Dl) « (DI) - DELTA
scan-value (ZF = 1)." This form may be
used to scan for departure from a
given value. If SCAS is prefixed with
REPNE or REPNZ, the operation is
interpreted as “scan while not end-of-
string (CX not 0) and string-element is
not equal to scan-value (ZF = 0)."

Instruction Operands:

SCAS dest-string
SCAS (repeat) dest-string

NOTE: The three symbols used in the Flags Affected column are defined as follows:
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Table C-4. Instruction Set (Continued)

Flags
Name Description Operation Affected
SHR Shift Logical Right: (temp) « count AF ?
SHR dest, src dowhie (emp) 0 cF ¢
Shifts the bits in the destination Ed es)t;_ (_o(vc\;;::) 7r2 it of (dest) IF :
operand (byte or word) to the right by _
. I (temp) « (temp) — 1 OF v
the number of bits specified in the if PF v
count operand. Zeros are shiftedinon | = . _ 4 SF v
the left. If the sign bit retains its original then TF -
value, then OF is cleared. if ZF v
Instruction Operands: high-order bit of (dest) #
SHR reg, n next-to-high-order bit of (dest)
SHR mem, n then
SHR reg, CL (OF) &1
SHR mem, CL else
(OF) <0
else
(OF) undefined
STC Set Carry Flag: (CF) 1 AF —
sTC CF v
Sets CF to 1. ,E,’:F _
Instruction Operands: OF -
none PF -
SF -
TF -
ZF -
STD Set Direction Flag: (DF) « 1 AF —
STD CF -
. A DF v
Sets DF to 1 causing the string instruc- IF —
tions to auto-decrement the SI and/or OF —
Dl index registers. PF -
Instruction Operands: SF -
none TF -
ZF -
NOTE: The three symbols used in the Flags Affected column are defined as follows:
- the contents of the flag remain unchanged after the instruction is executed
? the contents of the flag is undefined after the instruction is executed
v'the flag is updated after the instruction is executed
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Table C-4. Instruction Set (Continued)

Name Description Operation A:‘:fleacgt:d
STI Set Interrupt-enable Flag: (IF) <1 AF -
STI gl'; -
Sets IF to 1, enabling processor F v
recognition of maskable interrupt OF —
requests appearing on the INTR line. PF —
Note however, that a pending interrupt SF -
will not actually be recognized until the TF -
instruction following STI has executed. ZF —
Instruction Operands:
none
STOS Store (Byte or Word) String: When Source Operand is a Byte: AF -
STOS dest-string (DEST) « (AL) g:: -
Transfers a byte or word from register if F -
AL or AX to the string element (DF) =0 OF -
addressed by DI and updates DI to then PF —
point to the next location in the string. (DI) « (D) + DELTA SF —
As a repeated operation. else TF -
(Dl) « (DI) - DELTA
Instruction Operands: When S o dis a Word ZF —
rc eran rd:
STOS dest-string on Source Dperand s a Yol
STOS (repeat) dest-string _(PEST) < (AX)
i
(DF)=0
then
(Dl) « (DI) + DELTA
else
(Dl) « (DI) - DELTA
NOTE: The three symbols used in the Flags Affected column are defined as follows:

— the contents of the flag remain unchanged after the instruction is executed
? the contents of the flag is undefined after the instruction is executed
v'the flag is updated after the instruction is executed
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INSTRUCTION SET DESCRIPTIONS

Table C-4. Instruction Set (Continued)

Name Description Operation A;:fleacthd
SuUB Subtract: (dest) « (dest) — (src) AF v
SUB dest, src g:: v
The source operand is subtracted from IF _
the destination operand, and the result OF v
replaces the destination operand. The PF v
operands may be bytes or words. Both SE v
operands may be signed or unsigned TF -
binary numbers (see AAS and DAS). ZF v
Instruction Operands:
SUB reg, reg
SUB reg, mem
SUB mem, reg
SUB accum, immed
SUB reg, immed
SUB mem, immed
TEST Test: (dest) and (src) AF ?
TEST dest, src (g"::) <—g gl'; v
Performs the logical "and" of the two (OF) = IF —
operands (bytes or words), updates OF v
the flags, but does not return the PE v
result, i.e., neither operand is SF v
changed. If a TEST instruction is TF —
followed by a JNZ (jump if not zero) ZF v
instruction, the jump will be taken if
there are any corresponding one bits
in both operands.
Instruction Operands:
TEST reg, reg
TEST reg, mem
TEST accum, immed
TEST reg, immed
TEST mem, immed
NOTE: The three symbols used in the Flags Affected column are defined as follows:
— the contents of the flag remain unchanged after the instruction is executed
? the contents of the flag is undefined after the instruction is executed
v'the flag is updated after the instruction is executed
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Table C-4. Instruction Set (Continued)

Name Description ) Operation A;I:St::l
WAIT Wait: None AF —
WAIT ‘D’i -
Causes the CPU to enter the wait state IF :
while its test line is not active. OF —
Instruction Operands: PF -
none SF -
TF -
ZF -
XCHG Exchange: (temp) « (dest) AF -
XCHG dest, src (dest) « (src) CF -
src tem DF -
Switches the contents of the source (src) « (temp) IF -
and destination operands (bytes or ‘ OF —
words). When used in conjunction with PF —
the LOCK prefix, XCHG can test and SF -
set a semaphore that controls access TF -
to a resource shared by multiple ZF -
processors.
Instruction Operands:
XCHG accum, reg
XCHG mem, reg
XCHG reg, reg

NOTE: The three symhols used in the Flags Affected column are defined as follows:
— the contents of the flag remain unchanged after the instruction is executed
? the contents of the flag is undefined after the instruction is executed

v'the flag is updated after the instruction is executed
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Table C-4. Instruction Set (Continued)

Name Description Operation AfFfI;:gt:d
XLAT Translate: : AL « ((BX) + (AL)) AF -
XLAT translate-table g:: -
Replaces a byte in the AL register with IE :
a byte from a 256-byte, user-coded OF -
translation table. Register BX is PE —
assumed to point to the beginning of SF —
the table. The byte in AL is used as an TF -
index into the table and is replaced by ZF -
the byte at the offset in the table corre-
sponding to AL's binary value. The first
byte in the table has an offset of 0. For
example, if AL contains 5H, and the
sixth element of the translation table
contains 33H, then AL will contain 33H
following the instruction. XLAT is
useful for translating characters from
one code to another, the classic
example being ASCII to EBCDIC or
the reverse.
Instruction Operands:
XLAT src-table
XOR Exclusive Or: (dest) « (dest) xor (src) AF ?
XOR dest, src (g';) “2 gi v
Performs the logical "exclusive or" of OF) = IF -
the two operands and returns the OF v
result to the destination operand. A bit PF v
in the result is set if the corresponding SF v
bits of the original operands contain TF -
opposite values (one is set, the other ZF v
is cleared); otherwise the result bit is
cleared.
Instruction Operands:
XOR reg, reg
XOR reg, mem
XOR mem, reg
XOR accum, immed
XOR reg, immed
XOR mem, immed
NOTE: The three symbols used in the Flags Affected column are defined as follows:
—the contents of the flag remain unchanged after the instruction is executed
? the contents of the flag is undefined after the instruction is executed
v'the flag is updated after the instruction is executed
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APPENDIX D
INSTRUCTION SET OPCODES
AND CLOCK CYCLES

This appendix provides reference information for the 80C186 Modular Core family instruction
set. Table D-1 defines the variables used in Table D-2, which lists the instructions with their for-
mats and execution times. Table D-3 is a guide for decoding machine instructions. Table D-4 is a
guide for encoding instruction mnemonics, and Table D-5 defines Table D-4 abbreviations.

Table D-1. Operand Variables

Variable Description
mod mod and r/m determine the Effective Address (EA).
r/m r/m and mod determine the Effective Address (EA).
reg reg represents a register.
MMM MMM and PPP are opcodes to the math coprocessor.
PPP PPP and MMM are opcodes to the math coprocessor.
T TTT defines which shift or rotate instruction is executed.
r/m EA Calculation mod Effect on EA Calculation
000 (BX) + (SI) + DISP 00 if /m 110, DISP = 0; disp-low and disp-high are absent
001 | (BX)+(DI)+DISP 00 if t/m = 110, EA = disp-high:disp-low
010 (BP) + (SI) + DISP 01 DISP = disp-low, sign-extended to 16 bits; disp-high is absent
011 | (BP)+(Dl)+DISP 10 DISP = disp-high:disp-low
100 (S!) + DISP 11 r/m is treated as a reg field
101 (DI) + DISP DISP follows the second byte of the instruction (before any required data).
110 (?P) + DIS'.:' i mOd. #00 Physical addresses of operands addressed by the BP register are computed
disp-high:disp-low, if mod =00 using the SS segment register. Physical addresses of destination operands of
111 (BX) + DISP string pril:nitives ('addresssd by the QI register) are computed using the ES seg-
ment register, which cannot be overridden.
reg 16-bit (w=1) 8-bit (w=0) TTT Instruction
000 AX AL 000 ROL
001 CX CL 001 ROR
010 DX DL 010 RCL
011 BP BL 011 RCR
100 SP AH 100 SHL/SAL
101 BP CH 101 SHR
110 Sl DH 110 -
111 Dt BH 111 SAR




INSTRUCTION SET OPCODES AND CLOCK CYCLES lnte|®

Table D-2. Instruction Set Summary

Function Format Clocks | Notes
DATA TRANSFER INSTRUCTIONS
MOV = Move
register to register/memory 1000100w mod reg r/m 2/12
register/memory to register 1000101w mod reg r/m 2/9
immediate to register/memory 1100011w mod 000 r/m data data if w=1 1 12113 (1)
immediate to register 1011w reg data data if w=1 3/4 1)
memory to accumulator 1010000w | addr-low addr-high 9
accumulator to memory 1010001w addr-low addr-high [}
register/memory to segment register 10001110 mod 0 reg r/m 2/9
segment register to register/memory 10001100 mod O reg r/m 2/11
PUSH = Push
memory 11111111 mod 110 r/m J 16
register 01010 reg 10
segment register 000regt110 9
s
POP = Pop
memory 10001111 mod 000 r/m J 20
register 01011 reg 10
segment register 000reg111 (reg 201) 8

XCHG = Exchange
register/memory with register 1000011w mod reg r/m 417

register with accumulator 10010 reg 3

DATA TRANSFER INSTRUCTIONS (Continued)

XLAT = Translate byte to AL 11010111 1

IN = Input from
fixed port 1110010w port | 10
variable port 1110110w 8

OUT = Output from
fixed port 1110010w port | 9

NOTES:

1. Clock cycles are given for 8-bit/16-bit operations.

2. Clock cycles are given for jump not taken/jump taken.

3. Clock cycles are given for interrupt taken/interrupt not taken.
4. IfTEST=0

Shading indicates additions and enhancements to the 8086/8088 instruction set. See Appendix A, “80C186
Instruction Set Additions and Extensions,” for details.
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Table D-2. Instruction Set Summary (Continued)

Function Format Clocks | Notes
variable port 1110110w 7
LEA = Load EA to register 10001101 mod reg r/m 6
LDS = Load pointer to DS 11000101 mod reg r/m (mod ?11) 18
LES = Load pointer to ES 11000100 mod reg r/m (mod ?11) 18

LAHF = Load AH with flags
SAHF = Store AH into flags
PUSHF = Push flags

POPF = Pop flags

ARITHMETIC INSTRUCTIONS

ADD = Add
reg/memory with register to either

immediate to register/memory
immediate to accumulator

ADC = Add with carry
reg/memory with register to either
immediate to register/memory
immediate to accumulator

INC = Increment
register/memory
register

AAA = ASCII adjust for addition

DAA = Decimal adjust for addition

10011111 2
10011110 3
10011100 9
10011101 8
"
000000dw mod reg r/m 3/10
100000sw mod 000 r/m data data if sw=01 4/16
0000010w data data if w=1 3/4
000100dw mod reg r/m 3/10
100000sw mod 010 /m data data if sw=01 4/16
0001010w data data if w=1 3/4
1T111111w mod 000 r/m 3/15
01000 reg 3
00110111 8
00100111 4

0]

0]

NOTES:

1. Clock cycles are given for 8-bit/16-bit operations.
2. Clock cycles are given for jump not taken/jump taken.
3. Clock cycles are given for interrupt taken/interrupt not taken.

4. IfTEST=0

Shading indicates additions and enhancements to the 8086/8088 instruction set. See Appendix A, “80C186
Instruction Set Additions and Extensions,” for details.

D-3



INSTRUCTION SET OPCODES AND CLOCK CYCLES

Table D-2. Instruction Set Summary (éontinued)

in

tel.

Function Format Clocks | Notes
SUB = Subtract
reg/memory with register to either 001010dw mod reg r/m 3/10
immediate from register/memory 100000sw mod 101 r/m data data if sw=01 416
immediate from accumulator 0001110w data data if w=1 3/4 1)
SBB = Subtract with borrow
reg/memory with register to either 000110dw mod reg r/m 3/10
immediate from register/memory 100000sw mod 011 /m | data data if sw=01 416
immediate from accumulator 0001110w data data if w=1 3/4 (1)
ARITHMETIC INSTRUCTIONS (Continued)
DEC = Decrement
register/memory 1111111w mod 001 r/m J 3/15
register 01001 reg 3
NEG = Change sign 1111011w mod reg r/m | 3
CMP = Compare
register/memory with register 0011101w mod reg r/m 3/10
register with register/memory 0011100w mod reg /m 3/10
immediate with register/memory 100000sw | mod 111 vm data data if sw=01 J 3/10
iimmediate with accumulator O0iiiiow data data i w=1 /A 1)
AAS = ASCII adjust for subtraction 00111111 7
DAS = Decimal adjust for subtraction 00101111 4
MUL = multiply (unsigned) 1111011w mod 100 r/m
register-byte 26-28
register-word 35-37
memory-byte 32-34
memory-word 41-43
IMUL = Integer multiply (signed) 1111011w mod 101 r/m
register-byte 25-28
register-word 34-37
memory-byte 31-34
NOTES:

1. Clock cycles are given for 8-bit/16-bit operations.

2. Clock cycles are given for jump not taken/jump taken.

3. Clock cycles are given for interrupt taken/interrupt not taken.
4. KHTEST=0

Shading indicates additions and enhancements to the 8086/8088 instruction set. See Appendix A, “80C186

Instruction Set Additions and Extensions,” for details.
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Table D-2. Instruction Set Summary (Continued)

Function Format Clocks | Notes

memory-word 40-43

ARITHMETIC INSTRUCTIONS (Continued)

AAM = ASCIi adjust for multiply 11010100 00001010 19
DIV = Divide (unsigned) 1111011w mod 110 r/m
register-byte 29
register-word 38
memory-byte 35
memory-word 44
IDIV = Integer divide (signed) 1111011w mod 111 /m
register-byte 29
register-word 38
memory-byte 35
memory-word 44
AAD = ASCII adjust for divide 11010101 00001010 J 15
CBW = Convert byte to word 10011000 2
CWD = Convert word to double-word 10011001 4

BIT MANIPULATION INSTRUCTIONS

NOT= Invert register/memory 1111011w mod 010 /m 3
AND = And
reg/memory and register to either 001000dw mod reg r/m 3/10
immediate to register/memory 1000000w mod 100 r/m data data if w=1 4/16
immediate to accumulator 0010010w | data data if w=1 /4 (1))

BIT MANIPULATION INSTRUCTIONS (Continued)

OR=Or
reg/memory and register to either 000010dw mod reg r/m 3/10
immediate to register/memory 1000000w mod 001 r/m data data if w=1 4/10
NOTES:

1. Clock cycles are given for 8-bit/16-bit operations.

2. Clock cycles are given for jump not taken/jump taken.

3. Clock cycles are given for interrupt taken/interrupt not taken.
4. IfTEST=0

Shading indicates additions and enhancements to the 8086/8088 instruction set. See Appendix A, “80C186
Instruction Set Additions and Extensions,” for details.
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INSTRUCTION SET OPCODES AND CLOCK CYCLES

Table D-2. Instruction Set Summary (Continued)

CMPS = Compare byte/word
SCAS = Scan byte/word

LODS = Load byte/word to AL/AX

STOS = Store byte/word from AL/AX
Repeated by count in CX:

MOVS = Move byte/word

CMPS = Compare byte/word

SCAS = Scan byte/word

LODS = Load byte/word to AL/AX
STOS = Store byte/word from AL/AX

STRING MANIPULATION INSTRUCTIONS
MOVS = Move byte/word

1010011w

1010111w

STRING MANIPULATION INSTRUCTIONS (Continued)

1010110w

1010101w

11110010

1010010w

1111001z 1010011w
11110012z 1010111w
11110010 0101001w
11110100 0101001w

Function Format Clocks | Notes

immediate to accumulator | 0000110w I data I data if w=1 I a/4 )
XOR = Exclusive or

reg/memory and register to either 001100dw mod reg r/m 3/10

immediate to register/memory 1000000w | mod 110 /m data data if w=1 4/10

immediate to accumulator 0011010w data data if w=1 3/4 1)
TEST= And function to flags, no result

register/memory and register 1000010w mod reg /m 3/10

immediate data and register/memory | 1111011w | mod 000 /m data data if w=1 410

immediate data and accumulator 1010100w data data if w=1 3/4 (1)
Shifts/Rotates

register/memory by 1 1101000w | mod TTT t/m 2115

register/memory by CL 1101001w | mod TTTHm 5+n/174n

5+22n
5+15n
6+11n

6+9n

NOTES:

1. Clock cycles are given for 8-bit/16-bit operations.
2. Clock cycles are given for jump not taken/jump taken.
3. Clock cycles are given for interrupt taken/interrupt not taken.

4. ITEST=0

Shading indicates additions and enhancements to the 8086/8088 instruction set. See Appendix A, “80C186
Instruction Set Additions and Extensions,” for details.
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Intel® INSTRUCTION SET OPCODES AND CLOCK CYCLES

Table D-2. Instruction Set Summary (Continued)

Function Format Clocks | Notes

PROGRAM TRANSFER INSTRUCTIONS

Conditional Transfers — jump if:

JENZ= equal/zero 01110100 disp 4113 @)
JL/INGE = less/not greater or equal 01111100 disp 4/13 @)
JLE/JNG = less or equal/not greater 01111110 disp 413 @)
JB/JNAE = below/not above or equal 01110010 disp 413 2)
JC = carry 01110010 disp 413 @)
JBE/JNA = below or equal/not above 01110110 disp 413 @)
JPNJPE = parity/parity even 01111010 disp 4/13 )
JO = overflow 01110000 disp 413 @
JS = sign 01111000 disp 413 )
JNE/JNZ = not equal/not zero 01110101 disp 413 @)

PROGRAM TRANSFER INSTRUCTIONS (Continued)

JNW/JGE = not less/greater or equal 01111101 disp 4/13 2
JNLE/MG = not less or equal/greater 01111111 disp 413 @)
JNB/JAE = not below/above or equal 01110011 disp 413 2)
JNC = not carry 01110011 disp 413 2)
JNBE/JA = not below or equal/above 01110111 disp 413 2)
JNP/JPO = not parity/parity odd 01111011 disp 4113 @)
JNO = not overflow 01110001 disp 413 )
JNS = not sign 01111001 disp 5/15 2)

Unconditional Transfers

CALL = Call procedure

direct within segment 11101000 disp-low disp-high 15

reg/memory indirect within segment 11111111 mod 010 r/m 13/19

indirect intersegment 11111111 mod 011 r/m (mod ?11) 38

direct intersegment 10011010 segment offset 23
selector

RET = Return from procedure

within segment 11000011 16

NOTES:

1. Clock cycles are given for 8-bit/16-bit operations.

2. Clock cycles are given for jump not taken/jump taken.

3. Clock cycles are given for interrupt taken/interrupt not taken.
4. KTEST=0

Shading indicates additions and enhancements to the 8086/8088 instruction set. See Appendix A, “80C186
Instruction Set Additions and Extensions,” for details.




INSTRUCTION SET OPCODES AND CLOCK CYCLES

Table D-2. Instruction Set Summary (Continued)

in

tel.

IRET = Interrupt return

CLC = Clear carry

PROCESSOR CONTROL INSTRUCTIONS

11111000

11001111

Function Format Clocks | Notes
within segment adding immedto SP | 11000010 | data-low I data-high | 18
intersegment 11001011 22
intersegment adding immed to SP 11001010 | data-low I data-high | 25
PROGRAM TRANSFER INSTRUCTIONS (Continued)
JMP = Unconditional jump
short/long 11101011 disp-low 14
direct within segment 11101001 disp-low disp-high 14
reg/memory indirect within segment 11111111 mod 100 ¥/m 26
indirect intersegment 11111111 mod 101 ¥/m (mod ?11) 117
direct intersegment 11101010 segment offset 14
selector
Iteration Control
LOOP = Loop CX times 11100010 disp 6/16 )
LOOPZ/LOOPE =Loop while zero/equal | 11100001 disp 5/16 @)
LOOPNZ/LOOPNE = 11100000 disp 5116 @
Loop while not zero/not equal
JCXZ = Jump if CX = zero 11100011 disp 6/16 (@)
Interrupts
INT = Interrupt
" Type specified 11001101 type 47
Type 3 11001100 45
INTO = Interrupt on overflow 11001110

NOTES:

1.  Clock cycles are given for 8-bit/16-bit operations.
2. Clock cycles are given for jump not taken/jump taken.
3. Clock cycles are given for interrupt taken/interrupt not taken.

4. IfTEST=0

Shading indicates additions and enhancements to the 8086/8088 instruction set. See Appendix A, “80C186
Instruction Set Additions and Extensions,” for details.
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Table D-2. Instruction Set Summary (Continued)

Function Format Clocks | Notes

CMC = Complement carry 11110101 2
STC = Set carry 11111001 2
CLD = Clear direction 11111100 2
STD = Set direction 11111101 2
CLI = Clear interrupt 11111010 2
STI = Set interrupt 11111011 2
HLT = Halt 11110100 2
WAIT = Wait 10011011 6 4)
LOCK = Bus lock prefix 11110000 2
ESC = Math coprocessor escape 11011MMM mod PPP r/m 6
NOP = No operation 10010000 3
SEGMENT OVERRIDE PREFIX

cs 00101110 2

ss 00110110 2

DS 00111110 2

ES 00100110 2

NOTES:

1. Clock cycles are given for 8-bit/16-bit operations.

2. Clock cycles are given for jump not taken/jump taken.

3. Clock cycles are given for interrupt taken/interrupt not taken.
4, IfTEST=0

Shading indicates additions and enhancements to the 8086/8088 instruction set. See Appendix A, “80C186
Instruction Set Additions and Extensions,” for details.

Table D-3. Machine Instruction Decoding Guide

e Byte 2 Bytes 3-6 ASM-86 Instruction Format
Hex Binary )
00 0000 0000 mod reg r/m (disp-lo),(disp-hi) add reg8/mems8, reg8
01 0000 0001 mod reg r/m (disp-lo),(disp-hi) add reg16/mem16,reg16
02 0000 0010 mod reg r/m (disp-lo),(disp-hi) add reg8,reg8/mem8
03 0000 0011 mod reg r/m (disp-lo),(disp-hi) add reg16,reg16/mem16
04 00000100 | data-8 add AL,immed8
05 0000 0101 data-lo data-hi add AX,immed16
06 0000 0110 push ES
07 0000 0111 pop ES
08 0000 0100 mod reg r/m (disp-lo),(disp-hi) or reg8/mem8,reg8




INSTRUCTION SET OPCODES AND CLOCK CYCLES

Table D-3. Machine Instruction Decoding Guide (Continued)

intel.

Syte Byte 2 Bytes 3-6 ASM-86 Instruction Format
Hex Binary
09 0000 1001 mod reg r/m (disp-lo),(disp-hi) or reg16/mem16,reg16
0A 0000 1010 | mod reg r/m (disp-lo),(disp-hi) or reg8,reg8/mems
0B 0000 1011 mod reg r/m (disp-lo),(disp-hi) or reg16,reg16/mem16
oc 0000 1100 | data-8 or AL, immed8
oD 0000 1101 data-lo data-hi or AX,immed16
OE 0000 1110 push cs
OF 0000 1111 —_
10 0001 0000 | mod reg r/m (disp-lo), (disp-hi) ade reg8/mem8,reg8
1 0001 0001 mod reg r/m (disp-lo),(disp-hi) adc reg16/mem16,reg16
12 0001 0010 | mod reg /m (disp-lo),(disp-hi) adc reg8,reg8/mem8
13 0001 0011 mod reg r/m (disp-lo),(disp-hi) adc reg16,reg16/mem16
14 0001 0100 data-8 ade AL,immed8
15 00010101 | data-lo data-hi adc AX,immed16
16 0001 0110 push S8
17 0001 0111 pop SS
18 0001 1000 | mod reg r/m (disp-lo),(disp-hi) sbb reg8/mems8,reg8
19 0001 1001 mod reg r/m (disp-lo),(disp-hi) sbb reg16/mem16,reg16
1A 0001 1010 | mod reg r/m (disp-lo),(disp-hi) sbb reg8,reg8/mems8
1B 0001 1011 mod reg r/m (disp-lo),(disp-hi) sbb reg16,reg16/mem16
1C 0001 1100 | data-8 sbb AL,immed8
D 0001 1101 data-lo data-hi sbb AX,immed16
1E 0001 1110 push DS
1F 0001 1111 pop DS
20 0010 0000 | mod reg r/m (disp-lo),(disp-hi) and reg8/mem8,reg8
21 0010 0001 mod reg r/m (disp-lo), (disp-hi) and reg16/mem16,reg16
22 00100010 | mod reg r/m (disp-lo), (disp-hi) and reg8,reg8/mems
23 0010 0011 mod reg r/m (disp-lo), (disp-hi) and reg16,reg16/mem16
24 00100100 | data-8 and AL,immed8
25 0010 0101 data-lo data-hi and AX,immed16
26 00100110 ES: (segment override prefix)
27 0010 0111 daa
28 0010 1000 | mod reg r/m (disp-lo),(disp-hi) sub reg8/mem8,reg8
29 0010 1001 mod reg r/m (disp-lo),(disp-hi) sub reg16/mem16,reg16
2A 0010 1010 mod reg r/m (disp-lo),(disp-hi) sub reg8,reg8/mems8
2B 0010 1011 mod reg r/m (disp-lo),(disp-hi) sub reg16,reg16/mem16
2C 0010 1100 | data-8 sub AL,immed8
2D 0010 1101 data-lo data-hi sub AX,immed16
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Intel® INSTRUCTION SET OPCODES AND CLOCK CYCLES

Table D-3. Machine Instruction Decoding Guide (Continued)

Byte 1 Byte 2 Bytes 3-6 ASM-86 Instruction Format
Hex Binary
2E 0010 1110 DS: (segment override prefix)
2F 0010 1111 das
30 0011 0000 mod reg r/m (disp-lo),(disp-hi) xor reg8/mems8,reg8
31 0011 0001 mod reg r/m - (disp-lo), (disp-hi) xor reg16/mem16,reg16
32 0011 0010 mod reg r/m (disp-lo),(disp-hi) xor reg8,reg8/mem8
33 0011 0011 mod reg r/m (disp-lo),(disp-hi) xor reg16,reg16/mem16
34 00110100 | data-8 xor AL,immed8
35 0011 0101 data-lo data-hi xor AX,immed16
36 0011 0110 SS: (segment override prefix)
37 00110111 aaa
38 0011 1000 | mod reg r/m (disp-lo),(disp-hi) xor reg8/mems8,reg8
39 0011 1001 mod reg r/m (disp-lo),(disp-hi) xor reg16/mem16,reg16
3A 0011 1010 mod reg r/m (disp-lo), (disp-hi) xor reg8,reg8/mem8
3B 0011 1011 mod reg r/m (disp-lo), (disp-hi) xor reg16,reg16/mem16
3c 0011 1100 data-8 xor AL,immed8
3D 0011 1101 data-lo data-hi xor AX,immed16
3E 0011 1110 DS: (segment override prefix)
3F 0011 1111 aas
40 0100 0000 inc AX
41 0100 0001 inc CX
42 0100 0010 inc DX
43 0100 0011 inc BX
44 0100 0100 inc SP
45 0100 0101 inc BP
46 0100 0110 inc S|
47 0100 0111 inc o]
48 0100 1000 dec AX
49 0100 1001 dec CcX
4A 0100 1010 dec DX
4B 0100 1011 dec BX
4C 0100 1100 dec sP
4D 0100 1101 dec BP
4E 0100 1110 dec Si
4F 0100 1111 dec DI
50 0101 0000 push AX
51 0101 0001 push CcX
52 0101 0010 push DX
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INSTRUCTION SET OPCODES AND CLOCK CYCLES

Table D-3. Machine Instruction Decoding Guide‘ (Continued)

intel.

Bytet Byte 2 Bytes 3-6 ASM-86 Instruction Format

Hex Binary
53 0101 0011 push BX
54 0101 0100 push SP
55 0101 0101 push BP
56 0101 0110 push Sl
57 0101 0111 push DI
58 | 01011000 pop AX
59 0101 1001 - pop CcX
5A 0101 1010 pop DX
5B 0101 1011 pop BX
5C 0101 1100 pop sP
5D 0101 1101 pop BP
5E 0101 1110 pop Si
5F 0101 1111 pop DI
60 0110 0000 pusha
61 0110 0001 popa
62 01100010 mod reg r/m bound regi6,mem16
63 0110 0011 —_
64 01100100 -
65 0110 0101 —
66 01100110 -
67 01100111 —
68 0110 1000 data-lo data-hi push immed16
69 0110 1001 mod reg r/m data-lo, data-hi imul immedi6
70 0111 0000 IP-inc-8 jo short-label
7 0111 0001 IP-inc-8 jno short-label
72 0111 0010 IP-inc-8 jblinaeljc short-label
73 0111 0011 IP-inc-8 jnb/jaelinc short-label
74 0111 0100 IP-inc-8 jefiz short-label
75 0111 0101 IP-inc-8 jneljnz short-label
76 01110110 IP-inc-8 jbelina short-label
77 0111 0111 IP-inc-8 jnbelja short-label
78 0111 1000 IP-inc-8 is short-label
79 0111 1001 IP-inc-8 - jns short-label
7A 0111 1010 IP-inc-8 iplipe short-label
78 0111 1011 IP-inc-8 inp/jpo short-label
7C 0111 1100 IP-inc-8 jVinge short-label
7D 0111 1101 IP-inc-8 jnVige short-label
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INSTRUCTION SET OPCODES AND CLOCK CYCLES

Table D-3. Machine Instruction Decoding Guide (Continued)

Byte 1 Byte 2 Bytes 3-6 ASM-86 Instruction Format
Hex Binary

7E 0111 1110 IP-inc-8 jlefing short-label

7F o111 1111 IP-inc-8 jnlefjg short-label

80 1000 0000 mod 000 r/m (disp-lo),(disp-hi), data-8 add reg8/mem8,immed8
mod 001 r/m (disp-lo),(disp-hi), data-8 or reg8/mem8,immeds8
mod 010 r/m (disp-lo),(disp-hi), data-8 adc reg8/mem8,immed8
mod 011 r/m (disp-lo), (disp-hi), data-8 sbb reg8/mem8,immed8
mod 100 r/m (disp-lo),(disp-hi), data-8 and reg8/mem8,immed8
mod 101 r/m (disp-lo),(disp-hi), data-8 sub reg8/mems8,immeds
mod 110 r/m (disp-lo), (disp-hi), data-8 xor reg8/mem8,immed8
mod 111 r/m (disp-lo),(disp-hi), data-8 cmp reg8/mem8,immed8

81 1000 0001 mod 000 r/m (disp-lo),(disp-hi), data-lo,data-hi add reg16/mem16,immed16
mod 001 i/m (disp-lo),(disp-hi), data-lo,data-hi or reg16/mem16,immed16
mod 010 /m (disp-lo),(disp-hi), data-lo,data-hi adc reg16/mem16,immed16
mod 011 r/m (disp-lo),(disp-hi), data-lo,data-hi sbb reg16/mem16,immed16
mod 100 #/m (disp-lo),(disp-hi), data-lo,data-hi and reg16/mem16,immed16

81 1000 0001 | mod 101 /m (disp-lo),(disp-hi), data-lo,data-hi | sub reg16/mem16,immed16
mod 110 r/m (disp-lo), (disp-hi), data-lo,data-hi xor reg16/mem16,immed16
mod 111 r/m (disp-lo),(disp-hi), data-lo,data-hi cmp reg16/mem16,immed16

82 1000 0010 | mod 000 r/m (disp-lo),(disp-hi), data-8 add reg8/mems8,immed8
mod 001 r/m —
mod 010 r/m (disp-lo),(disp-hi), data-8 adc reg&/mems,ifnmede
mod 011 r/m (disp-lo),(disp-hi), data-8 sbb reg8/mems8,immeds
mod 100 r/m -
mod 101 ¥/m (disp-lo), (disp-hi), data-8 sub reg8/mem8,immeds
mod 110 r/m —_
mod 111 r/m (disp-lo),(disp-hi), data-8 cmp reg8/mem8,immeds

83 1000 0011 mod 000 r/m (disp-lo),(disp-hi), data-SX add reg16/mem16,immed8
mod 001 r/m —_—
mod 010 /m (disp-lo),(disp-hi), data-SX adc reg16/mem16,immed8
mod 011 r/m (disp-lo),(disp-hi), data-SX sbb reg16/mem16,immed8
mod 100 r/m -
mod 101 /m (disp-lo),(disp-hi), data-SX sub reg16/mem16,immed8
mod 110 r/m —_
mod 111 r/m (disp-lo), (disp-hi), data-SX cmp reg16/mem16,immed8

84 1000 0100 mod reg r/m (disp-lo), (disp-hi) test reg8/mem8,reg8

85 1000 0101 mod reg r/m (disp-lo),(disp-hi) test reg16/mem16,reg16

86 1000 0110 mod reg /m (disp-lo),(disp-hi) xchg reg8,reg8/mem8
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Table D-3. Machine Instruction Decoding Guide (Continued)

intel.

Byte 1 Byte 2 Bytes 3-6 ASM-86 Instruction Format
Hex Binary
87 1000 0111 mod reg r/m (disp-lo),(disp-hi) xchg reg16,reg16/mem16
88 1000 0100 | mod reg r/m (disp-lo),(disp-hi) mov reg8/mem8,reg8
89 1000 1001 mod reg r/m (disp-lo),(disp-hi) mov reg16/mem16,reg16
8A 1000 1010 | mod reg r/m (disp-lo), (disp-hi) mov reg8,reg8/mem8
8B 1000 1011 mod reg r/m (disp-lo),(disp-hi) mov reg16,reg16/mem16
8C 1000 1100 mod OSR r/m (disp-lo),(disp-hi) mov reg16/mem16,SEGREG
mod 1 - /m —
8D 1000 1101 mod reg r/m (disp-lo),(disp-hi) lea regi6,mem16
8E 1000 1110 mod OSR r/m (disp-lo),(disp-hi) mov SEGREG,reg16/mem16
mod 1 - r/m —_
8F 1000 1111 pop memi6
90 1001 0000 nop (xchg AX,AX)
91 1001 0001 xchg AX,CX
92 1001 0010 xchg AX,DX
93 1001 0011 xchg AX,BX
94 1001 0100 xchg AX,SP
95 1001 0101 xchg AX,BP
96 1001 0110 xchg AX,SI
97 1001 0111 xchg AX,DI
98 1001 1000 cbw
99 1001 1001 cwd
9A 1001 1010 | disp-lo disp-hi,seg-lo,seg-hi call far-proc
9B 1001 1011 wait
9C 1001 1100 pushf
9D 1001 1101 popt
9E 1001 1110 sahf
9F 1001 1111 lahf
A0 1010 0000 | addr-lo addr-hi mov AL,mem8
A1l 1010 0001 addr-lo addr-hi mov AX,mem16
A2 10100010 | addr-lo addr-hi mov mem8,AL
A3 1010 0011 addr-lo addr-hi mov mem16,AL
A4 10100100 movs dest-str8,src-str8
A5 10100101 movs dest-str16,src-str16
A6 10100110 cmps dest-str8,src-str8
A7 1010 0111 cmps dest-str16,src-str16
A8 1010 1000 data-8 test AL,immed8
A9 1010 1001 data-lo data-hi test AX,immed16
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INSTRUCTION SET OPCODES AND CLOCK CYCLES

Table D-3. Machine Instruction Decoding Guide (Continued)

Byte ! Byte 2 Bytes 3-6 ASM-86 Instruction Format
Hex Binary

AA 1010 1010 stos dest-str8

AB ‘ 1010 1011 stos dest-str16

AC 1010 1100 lods src-str8

AD 1010 1101 lods src-str16

AE 1010 1110 scas dest-str8

AF 1010 1111 scas dest-str16

BO 10110000 | data-8 mov AL,immed8

B1 1011 0001 data-8 mov CL,immed8

B2 1011 0010 data-8 mov DL,immed8

B3 1011 0011 data-8 mov BL,immed8

B4 10110100 | data-8 mov AH,immed8

BS 1011 0101 data-8 mov CH,immed8

B6 1011 0110 data-8 mov DH,immed8

B7 1011 0111 data-8 mov BH,immed8

B8 1011 1000 data-lo data-hi mov AX,immed16

B9 1011 1001 data-lo data-hi mov CX,immed16

BA 10111010 | data-lo data-hi mov DX,immed16

BB 1011 1011 data-lo data-hi mov BX,immed16

BC 1011 1100 data-lo data-hi mov SPimmed16

BD 1011 1101 data-lo data-hi mov BPimmed16

BE 1011 1110 data-lo data-hi mov Sl,immed16

BF 1011 111 data-lo data-hi mov Dl,immed16

co 1100 0000 mod 000 r/m data-8 rol reg8/mem8, immed8
mod 001 /m data-8 ror reg8/mem8, immed8
mod 010 /m data-8 rel reg8/mem8, immed8
mod 011 r/m data-8 rer reg8/mem8, immed8
mod 100 /m data-8 shi/sal reg8/mem8, immed8
mod 101 r/m data-8 shr reg8/mems8, immed8
mod 110 r/m —_
mod 111 /m data-8 sar reg8/mem8, immed8

C1 1100 0001 mod 000 r/m data-8 rol reg16/mem16, immed8
mod 001 r/m data-8 ror reg16/mem16, immed8
mod 010 r/m data-8 rcl reg16/mem16, immed8
mod 011 r/m data-8 rer reg16/mem16, immed8
mod 100 t/m data-8 shi/sal reg16/mem16, immed8
mod 101 r/m data-8 shr reg16/mem16, immed8
mod 110 r/m —
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Table D-3. Machine Instruction Decoding Guide (Continued)

intgl.

Byte 1 Byte 2 Bytes 3-6 ASM-86 Instruction Format
Hex Binary
mod 111 r/m data-8 sar reg16/mem16, immed8
c2 11000010 | data-lo data-hi ret immed16 (intrasegment)
C3 1100 0011 ret (intrasegment)
C4 1100 0100 mod reg r/m (disp-lo),(disp-hi) les reg16,mem16
Cs 1100 0101 mod reg r/m (disp-lo), (disp-hi) Ids regi6,mem16
Cé 1100 0110 mod 000 r/m (disp-lo), (disp-hi),data-8 mov mem8,immeds8
mod 001 r/m -
mod 010 r/m -
mod 011 r/m -
mod 100 r/m —
mod 101 r/m -
mod 110 r/m -
ce 1100 0110 mod 111 r/m —_
c7 1100 0111 mod 000 r/m (disp-1o),(disp-hi),data-lo,data-hi mov mem16,immed16
mod 001 r/m —
mod 010 r/m -
mod 011 r/m —
mod 100 r/m -—
mod 101 /m —_
mod 110 r/m —
mod 111 ¢/m —_
cs 1100 1000 | data-lo data-hi, level ~ enter immed16, immed8
c9 1100 1001 leave
CA 1100 1010 data-lo data-hi ret immed16 (intersegment)
cB 1100 1011 ret (intersegment) ‘
CcC 1100 1100 int 3
CcD ’ 1100 1101 data-8 int immeds8
CE 1100 1110 into
CF 1100 1111 iret
DO 1101 0000 mod 000 r/m (disp-lo),(disp-hi) rol reg8/mem8, 1
mod 001 r/m (disp-lo),(disp-hi) ror reg8/mems8, 1
mod 010 r/m (disp-lo),(disp-hi) rcl reg8/mems, 1
mod 011 r/m (disp-lo),(disp-hi) rer reg8/mems8, 1
mod 100 r/m (disp-lo), (disp-hi) sal/shl reg8/mems, 1
mod 101 r/m (disp-lo),(disp-hi) shr reg8/mem8, 1
mod 110 r/m —_
mod 111 r/m (disp-lo),(disp-hi) sar reg8/mems, 1
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INSTRUCTION SET OPCODES AND CLOCK CYCLES

Table D-3. Machine Instruction Decoding Guide (Continued)

Byte ! Byte 2 Bytes 3-6 ASM-86 Instruction Format

Hex Binary

D1 1101 0001 mod 000 r/m (disp-lo), (disp-hi) rol reg16/mem16,1
mod 001 r/m (disp-lo), (disp-hi) ror reg16/mem16,1

D1 11010001 | mod 010 r/m (disp-lo), (disp-hi) rcl reg16/mem16,1
mod 011 /m (disp-lo),(disp-hi) rer reg16/mem16,1
mod 100 r/m (disp-lo),(disp-hi) sal/shl reg16/mem16,1
mod 101 /m (disp-lo),(disp-hi) shr reg16/mem16,1
mod 110 r/m -
mod 111 r/m (disp-lo), (disp-hi) sar reg16/mem16,1

D2 1101 0010 mod 000 r/m (disp-lo),(disp-hi) rol reg8/mem8,CL
mod 001 r/m (disp-lo),(disp-hi) ror reg8/mems8,CL
mod 010 r/m (disp-lo),(disp-hi) rcl reg8/mem8,CL
mod 011 /m (disp-lo),(disp-hi) rer reg8/mems,CL
mod 100 r/m (disp-lo),(disp-hi) sal/shl reg8/mems8,CL
mod 101 r/m (disp-lo),(disp-hi) shr reg8/mem8,CL
mod 110 r/m -
mod 111 /m (disp-lo), (disp-hi) sar reg8/mems8,CL

D3 1101 0011 mod 000 r/m (disp-lo), (disp-hi) rol reg16/mem16,CL
mod 001 r/m. (disp-lo),(disp-hi) ror reg16/mem16,CL
mod 010 r/m (disp-lo),(disp-hi) rel reg16/mem16,CL
mod 011 r/m (disp-lo),(disp-hi) rer reg16/mem16,CL
mod 100 r/m (disp-lo), (disp-hi) sal/shl reg16/mem16,CL
mod 101 r/m (disp-lo),(disp-hi) shr reg16/mem16,CL
mod 110 r/m —_
mod 111 /m (disp-lo),(disp-hi) sar reg16/mem16,CL

D4 1101 0100 0000 1010 aam

D5 1101 0101 0000 1010 aad

Dé 11010110 _

D7 1101 0111 xlat source-table

D8 1101 1000 mod 000 r/m (disp-lo),(disp-hi) esc opcode,source

D9 1101 1001 mod 001 r/m (disp-lo),(disp-hi) esc opcode,source

DA 1101 1010 mod 010 /m (disp-lo),(disp-hi) esc opcode,source

DB 1101 1011 mod 011 r/m (disp-lo),(disp-hi) esc opcode,source

DC 1101 1100 mod 100 r/m (disp-lo),(disp-hi) esc opcode,source

DD 1101 1101 mod 101 r/m (disp-lo),(disp-hi) esc opcode,source

DE 1101 1110 mod 110 r/m (disp-lo),(disp-hi) esc opcode,source

DF 1101 1111 mod 111 r/m (disp-lo),(disp-hi) esc opcode,source

EO 1110 0000 IP-inc-8 loopne/loopnz short-label
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Table D-3. Machine Instruction Decoding Guide (Continued)

Byte 1 Byte 2 Bytes 3-6 ASM-86 Instruction Format
Hex Binary

E1 1110 0001 IP-inc-8 loope/loopz short-label

E2 1110 0010 IP-inc-8 loop short-label

E3 1110 0011 IP-inc-8 joxz short-label

E4 11100100 data-8 in AL,immed8

ES 1110 0101 data-8 in AX,immed8

E6 11100110 data-8 out AL,immed8

E7 1110 0111 data-8 out AX,immed8

E8 1110 1000 IP-inc-lo IP-inc-hi call near-proc

E9 1110 1001 IP-inc-lo IP-inc-hi jmp near-label

EA 1110 1010 IP-lo IP-hi,CS-lo,CS-hi jmp far-label

EB 1110 1011 IP-inc-8 jmp short-label

EC 1110 1100 in AL,DX

ED 1110 1101 in AX,DX

EE 1110 1110 out AL,DX

EF 1110 1111 out AX,DX

FO 1111 0000 lock (prefix)

F1 1111 0001 —_

F2 1111 0010 repne/repnz

F3 1111 0011 rep/repe/repz

Fa4 1111 0100 hit

F5 1111 0101 cme

F6 1111 0110 mod 000 r/m (disp-lo),(disp-hi),data-8 test reg8/mem8,immed8
mod 001 r/m —_
mod 010 r/m (disp-lo), (disp-hi) not reg8/mem8
mod 011 r/m (disp-lo),(disp-hi) neg reg8/mem8
mod 100 r/m (disp-lo),(disp-hi) mul reg8/mem8
mod 101 r/m (disp-lo), (disp-hi) imul reg8/mems8
mod 110 r/m (disp-lo), (disp-hi) div reg8/mems8
mod 111 r/m (disp-lo),(disp-hi) idiv reg8/mem8

F7 1111 0111 mod 000 r/m (disp-lo), (disp-hi),data-lo,data-hi test reg16/mem16,immed16
mod 001 r/m -
mod 010 r/m (disp-lo),(disp-hi) not reg16/mem16 -
mod 011 r/m (disp-lo),(disp-hi) neg reg16/mem16
mod 100 r/m (disp-lo), (disp-hi) mul reg16/mem16
mod 101 r/m (disp-lo),(disp-hi) imul reg16/mem16
mod 110 r/m (disp-lo),(disp-hi) div reg16/mem16
mod 111 /m (disp-lo),(disp-hi) idiv reg16/mem16
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Table D-3. Machine Instruction Decoding Guide (Continued)

Byte 1 Byte 2 Bytes 3-6 ASM-86 Instruction Format
Hex Binary

F8 1111 1000 cle

F9 1111 1001 stc

FA 1111 1010 cli

FB 1111 1011 sti

FC 1111 1100 cld

FD 1111 1101 std

FE 1111 1110 mod 000 r/m (disp-lo),(disp-hi) inc mem16
mod 001 /m (disp-lo),(disp-hi) dec mem16
mod 010 r/m -

FE 1111 1110 mod 011 r/m —_
mod 100 r/m —
mod 101 r/m —
mod 110 r/m —
mod 111 r/m -

FF 1111 111 mod 000 r/m (disp-io),(disp-hi) inc > mem16
mod 001 r/m (disp-lo),(disp-hi) dec mem16
mod 010 r/m (disp-lo), (disp-hi) call reg16/mem16 (intrasegment)
mod 011 /m (disp-lo),(disp-hi) call mem16 (intersegment)
mod 100 /m (disp-lo), (disp-hi) jmp reg16/mem16 (intrasegment)
mod 101 /m (disp-lo), (disp-hi) jmp mem16 (intersegment)
mod 110 r/m (disp-lo), (disp-hi) push mem16
mod 111 r/m -
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Table D-4. Mnemonic Encoding Matrix (Left Half)

x0 x1 x2 x3 x4 x5 x6 x7
ADD ADD ADD ADD ADD ADD PUSH POP
0x
b,f,r/m w,f,r/m b,t,r/m w,t,r/m b.ia w,ia ES ES
ADC ADC ADC ADC ADC ADC PUSH POP
1x
b.f,r/m wf,rim b.t,r/m w,t,r/m b,i w,i SS SS
AND AND AND AND AND AND SEG DAA
2x
b.f,rim wif,rim b.t,r/m wt,r/m b,i w,i =ES
XOR XOR XOR XOR XOR XOR SEG AAA
3x
b.f,r/m w,f,r/m b,t,r/m wt,r/m b,i w,i =S8
INC INC INC INC INC INC INC INC
4x
AX CX DX BX SP BP Sl DI
PUSH PUSH PUSH PUSH PUSH PUSH PUSH PUSH
5x
AX CX DX BX SP Sl DI
PUSHA POPA BOUND .
6x ,
w,f,r/m ; e E
Jo JNO JB/ JNB/ JE/ JINE/ JBE/ JNBE/
7x JNAE/ JAE/ Jz JNZ JNA JA
JC JNC
Immed Immed Immed Immed TEST TEST XCHG XCHG
8x
b,r/m w,r/m b,r/m is,r/m b,r/m w,r/m b,r/m w,r/m
NOP XCHG XCHG XCHG XCHG XCHG XCHG XCHG
9x (XCHG)
AX CX DX BX SP BP S| DI
MOV MOV MOV MOV MOvsS MOVS CMPS CMPS
Ax
m—AL m—AX AL-m AX-m
MOV MOV MoV MOV MOV MOV MOV MOV
Bx
i—AL i-CL i-»DL i-BL i—»AH i-»CH i-»DH i-»BH
Shift Shift RET RET LES LDS MOV MOV
Cx )
b,i W,i (i+SP) b,i,r/m w,i,r/m
Shift Shift Shift Shift AAM AAD XLAT
Dx
b w b,v wVv
LOOPNZ/ LOOPZ/ LOOP JCXZ IN IN ouT
Ex LOOPNE LOOPE
LOCK REP REP HLT CMC Grp1 Grp1
Fx
z b,r/m w,r/m
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Table D-4. Mnemonic Encoding Matrix (Right Half)

x8 x9 XA xB xC xD xE xF
OR OR OR OR OR OR PUSH
0x
b,f,r/m w,f,r/m b,t,r/m w,t,r/m b,i Wi Cs
SBB SBB SBB SBB SBB SBB PUSH
1x
b,f,r/m w,f,r/m b,t,r/m wt,r/m b,i w,i DS DS
suB suB suB SuB suB suB SEG DAS
2x
b.f,r/m w,i,r/m b,t,r/m w,t,r/m b,i w,i =CS
CMP CMP CMP CMP CMP CMP SEG AAS
3x
b,f.r/m w,i,r/m bt,r/m wt,r/m b,i w,i =DS
DEC DEC DEC DEC DEC DEC DEC DEC
4x
AX CX DX BX SP BP Sl DI
POP POP POP POP POP POP POP POP
5x
AX CX DX BX SP BP Si DI
PUSH IMUL PUSH IMUL INS INS OouTs ouTS
6x
w,i w,i b,i w,i b w b w
JS JNS JP/ JINP/ Ju JINL/ JLE/ JNLE/
JPE JPO JINGE JGE ING JG x
MOV MoV Mov Mov MOV LEA MoV POP
8x
b,f,r/m w,f,r/m b,t,r/m w,t,r/m srf,r/m srt,r/m r/m
CBW CWD CALL WAIT PUSHF POPF SAHF LAHF
9x
LD
TEST TEST STOS STOS LODS LODS SCAS SCAS
Ax
b,ia w,ia
MOV [YIo)Y} MoV Mov MOV MoV MoV MoV
Bx
i—>AX i—»CX i-»DX i»BX i—»SP i~»BP i—8| i—DI
ENTER LEAVE RET RET INT INT INTO IRET
Cx
1(i+SP) | type 3 (any)
ESC ESC ESC ESC ESC ESC ESC ESC
Dx
0 1 2 3 4 5 6 7
CALL JMP JMP JMP IN IN ouT ouT
Ex
cLC STC cul STI CLS STD Grp2 Grp2
Fx
b,r/m w,r/m

NOTE: Table D-5 defines abbreviations used in this matrix. Shading indicates reserved opcodes.
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Table D-5. Abbreviations for Mnemonic Encoding Matrix

Abbr Definition Abbr Definition Abbr Definition Abbr Definition
b byte operation ia immediate to accumulator m memory t to CPU register
d direct id indirect r/m EA is second byte v variable
f from CPU register is immediate byte, sign extended si short intrasegment w word operation
i immediate | long (intersegment) sr segment register z zero

Byte 2 Immed Shift Grp1 Grp2
mod 000 r/m ADD ROL TEST INC
mod 001 r/m OR ROR —_— DEC
mod 010 r/m ADC RCL NOT CALL id
mod 011 r/m SBB RCR NEG CALL |, id
mod 100 r/m AND SHLU/SAL MUL JMP id
mod 101 r/m sus SHR IMUL JMP i, id
mod 110 r/m XOR —_ DIV PUSH
mod 111 /m CMP SAR DIV -

mod and r/m determine the Effective Address (EA) calculation. See Table D-1 for definitions.

D-22



intel.

Index






intel.

80C187 Math Coprocessor, 12-2-12-8
accessing, 12-10-12-11
arithmetic instructions, 12-3-12-4
bus cycles, 12-11
clocking, 12-10
code examples, 12-13-12-16
comparison instructions, 12-5
constant instructions, 12-6
data transfer instructions, 12-3
data types, 12-7-12-8
design considerations, 12-10-12-11
example floating point routine, 12-16
exceptions, 12-13
I/O port assignments, 12-10
initialization example, 12-13-12-16
instruction set, 12-2
interface, 12-7-12-13
and chip-selects, 6-14, 12-11
and PCB location, 4-7
exception trapping, 12-13
generating READY, 12-11
processor control instructions, 12-6
testing for presence, 12-10
transcendental instructions, 12-5
8259A Programmable Interrupt Controllers, 8-1
and special fully nested mode, 8-8
cascading, 8-7, 8-8
interrupt type, 8-9
priority structure, 8-8
82C59A Programmable Interrupt Controller
interfacing with, 3-25-3-27

A
Address and data bus, 3-1-3-6
16-bit, 3-1-3-5
considerations, 3-7
8-bit, 3-5-3-6

considerations, 3-7
See also Bus cycles, Data transfers
Address bus, See Address and data bus
Address space, See Memory space, 1/0 space
Addressing modes, 2-27-2-36
and string instructions, 2-34
based, 2-30, 2-31, 2-32

INDEX

based index, 2-34, 2-35
direct, 2-29
immediate operands, 2-28
indexed, 2-32,2-33
indirect, 2-36
memory operands, 2-28
register indirect, 2-30, 2-31
register operands, 2-27
AH register, 2-5
AL register, 2-5, 2-18, 2-23
ApBUILDER files, obtaining from BBS, 1-6
Application BBS, 1-5
Architecture
CPU block diagram, 2-2
device feature comparisons, 1-2
family introduction, 1-1
overview, 1-1,2-1
Arithmetic
instructions, 2-19-2-20
interpretation of 8-bit numbers, 2-20
Arithmetic Logic Unit (ALU), 2-1
Array bounds trap (Type 5 exception), 2-44
ASCII, defined, 2-37
Asynchronous inputs, synchronizing, B-2
Auxiliary Flag (AF), 2-7, 2-9
AX register, 2-1, 2-5, 2-18, 2-23, 3-6

B
Base Pointer (BP), See BP register
Baud Rate Compare Register (BxXCMP), 10-12
Baud Rate Counter Register (BxCNT), 10-11
BBS, 1-5
BCD, defined, 2-37
Bit manipulation instructions, 2-21-2-22
BOUND instruction, 2-44, A-8
BP register, 2-1, 2-13, 2-30, 2-34
Breakpoint interrupt (Type 3 exception), 2-44
Bus cycles, 3-20-3-45

address/status phase, 3-10-3-12

and 80C187, 12-11

and CSU, 6-14

and Idle mode, 5-13

and PCB accesses, 4-4

and Powerdown mode, 5-16
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INDEX

and T-states, 3-9
data phase, 3-13
HALT cycle, 3-28-3-34
and chip-selects, 6-4
HALT state, exiting, 3-30-3-34
idle states, 3-18
instruction prefetch, 3-20
interrupt acknowledge (INTA) cycles, 3-6,
3-25-3-26, 8-9
and chip-selects, 6-4
operation, 3-7-3-20
priorities, 3-44-3-45,7-2
read cycles, 3-20-3-21
refresh cycles, 3-22, 7-4,7-5
control signals, 7-5, 7-6
during HOLD, 3-41-3-43,7-13-7-14
wait states, 3-13-3-18
write cycles, 3-22-3-25
See also Data transfers
Bus hold protocol, 3-39-3-44
and CLKOUT, 5-6
and CSU, 6-15
and Idle mode, 5-14
and refresh cycles, 3-41-3-43, 7-13-7-14
and reset, 5-9
latency, 3-40-3-41
Rug Interface Unit (RITI), 2-1, 2-3, 2-11, 3-1-3-45
and DRAM refresh requests, 7-4
and TCU, 9-1
buffering the data bus, 3-35-3-37
modifying interface, 3-34-3-37, 3-37
relationship to RCU, 7-1
synchronizing software and hardware events,
3-37-3-38
using a locked bus, 3-38-3-39
using multiple bus masters, 3-39-3-44
BX register, 2-1, 2-5, 2-30

C

Carry Flag (CF), 2-7, 2-9

Chip-Select Unit (CSU), 6-1
and HALT bus cycles, 3-28
and READY, 6-11-6-12
and wait states, 6-11-6-12
block diagram, 6-3
bus cycle decoding, 6-14
examples, 6-15-6-20
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features and benefits, 6-1
functional overview, 6-2-6-5
programming, 6-5-6-15
registers, 6-5-6-15
system diagram, 6-16
See also Chip selects
Chip-selects
activating, 6-4
and 80C187 interface, 6-14, 12-11
and bus hold protocol, 6-15
and DRAM controllers, 7-1
and guarded memory locations, 6-20
and reserved I/O locations, 6-14
enabling and disabling, 6-11
initializing, 6-6-6-15
methods for generating, 6-1
multiplexed I/O port pins, 11-7
overlapping, 6-12-6-14
programming considerations, 6-14
start address, 6-10, 6-14
stop address, 6-10
timing, 6-4
CL register, 2-5, 2-21, 2-22
CLKOUT
and bus hold, 5-6
and power management modes, 5-6
and reset, 5-6
Clock generator, 5-6-5-10
and system reset, 5-6-5-7
output, 5-6
synchronizing CLKOUT and RESOUT, 5-6-
5-7
Clock sources, TCU, 9-12
Code (programs), See Software
Code segment, 2-5
Counters, See Timer Counter Unit (TCU)
CPU, block diagram, 2-2
Crystal,See Oscillator
CS register, 2-1, 2-5, 2-6, 2-13, 2-23, 2-39, 2-41
Customer service, 1-4
CX register, 2-1, 2-5, 2-23, 2-25, 2-26

D

Data, 3-6

Data bus, See Address and data bus
Data segment, 2-5

Data sheets, obtaining from BBS, 1-6
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Data transfers, 3-1-3-6

instructions, 2-18

PCB considerations, 4-5

PSW flag storage formats, 2-19

See also Bus cycles
Data types, 2-37-2-38
DI register, 2-1, 2-5, 2-13, 2-22, 2-23, 2-30, 2-32,

2-34

Digital one-shot, code example, 9-17-9-23
Direction Flag (DF), 2-7, 2-9, 2-23
Display, defined, A-2
Divide Error trap (Type 0 exception), 2-43
Documents, related, 1-3
DRAM controllers

and wait state control, 7-5

clocked, 7-5

design guidelines, 7-5

unclocked, 7-5

See also Refresh Control Unit
DS register, 2-1, 2-5, 2-6, 2-13, 2-30, 2-34, 2-43
DX register, 2-1, 2-5, 2-36, 3-6

E
Effective Address (EA), 2-13
calculation, 2-28
Emulation mode, 13-1
End-of-Interrupt (EOI)
command, 8-21
register, 8-21, 8-22
ENTER instruction, A-2
ES register, 2-1, 2-5, 2-6, 2-13, 2-30, 2-34
Escape opcode fault (Type 7 exception), 2-44, 12-1
Examples, code, See Software )
Exceptions, 2-43-2-44
priority, 2-46-2-49
Execution Unit (EU), 2-1, 2-2
Extra segment, 2-5

F

Fault exceptions, 2-43
FaxBack service, 1-5
F-Bus
and PCB, 4-5
operation, 4-5
Flags, See Processor Status Word (PSW)
Floating Point, defined, 2-37

INDEX

H

HALT bus cycle, See Bus cycles
HOLD/HLDA protocol, See Bus hold protocol
Hypertext manuals, obtaining from BBS, 1-6

I/O devices
interfacing with, 3-6-3-7
memory-mapped, 3-6
I/0 ports, 11-1-11-12
addressing, 2-36
bidirectional, 11-1
configuration example, 11-12
initializing, 11-11
input-only, 11-3
open-drain bidirectional, 11-3
output-only, 11-3
overview, 11-1
port 1, 11-7
port 2, 11-7
programming, 11-7-11-12
registers, 11-7-11-11
reset status, 11-11
I/0 space, 3-1-3-7
accessing, 3-6
reserved locations, 2-15, 6-14
Idle mode, 5-11-5-16, 5-16
bus operation, 5-13
control register, 5-12
entering, 5-11, 5-13
exiting, 5-14-5-15
exiting HALT bus cycle, 3-34
initialization code, 5-15-5-16
Idle states
and bus cycles, 3-18
Immediate operands, 2-28
IMUL instruction, A-9
Input/output ports, 11-1
Inputs, asynchronous, synchronizing, B-1
INS instruction, A-2
In-Service register, 8-5, 8-7, 8-18, 8-19
Instruction Pointer (IP), 2-1, 2-6, 2-13, 2-23, 2-39,
2-41
reset status, 2-6
Instruction prefetch bus cycle, See Bus cycles
Instruction set, 2-17, A-1, D-1
additions, A-1
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arithmetic instructions, 2-19-2-20, A-9
bit manipulation instructions, 2-21-2-22, A-9
data transfer instructions, 2-18-2-20, A-1,
A-8
data types, 2-37-2-38
enhancements, A-8
high-level instructions, A-2
nesting, A-2
processor control instructions, 2-27
program transfer instructions, 2-23-2-24
reentrant procedures, A-2
rotate instructions, A-10
shift instructions, A-9
string instructions, 2-22-2-23, A-2
INT instruction, single-byte, See Breakpoint
interrupt
INTO instruction, 2-44
INTA bus cycle, See Bus cycles
Integer, defined, 2-37, 12-7 -
Interrupt Control registers, 8-12
for external pins, 8-14, 8-15
for internal sources, 8-13
Interrupt Control Unit (ICU), 8-1-8-24
block diagram, 8-2
cascade mode, 8-7
initializing, 8-23, 8-24
interfacing with an 82C59A Programmable
Interrupt Controller, 3-25-3-27
operation with nesting, 8-4
programming, 8-11
registers, 8-11
special fully nested mode, 8-8
with cascade mode, 8-8
without cascade mode, 8-8
typical interrupt sequence, 8-5
Interrupt Enable Flag (IF), 2-7, 2-9, 2-41
Interrupt Mask register, 8-17
Interrupt Request register, 8-16
Interrupt Status register, 8-7, 8-22, 8-23
Interrupt Vector Table, 2-39, 2-40
Interrupt-on-overflow trap (Type 4 exception),
2-44
Interrupts, 2-39-2-43
and CSU initialization, 6-6
controlling priority, 8-12
edge- and level-sensitive, 8-10
and external 8259As, 8-10
enabling cascade mode, 8-12

Index-4

intel.

enabling special fully nested mode, 8-12
latency, 2-45
reducing, 3-28
latency and response times, 8-10, 8-11
maskable, 2-43
masking, 8-2, 8-12, 8-17
priority-based, 8-18
multiplexed, 8-7
nesting, 8-4
NMI, 2-42
nonmaskable, 2-45
overview, 8-1
priority, 2-46-2-49, 8-3
default, 8-3
resolution, 8-5, 8-6
processing, 2-39-2-42
reserved, 2-39
response time, 2-46
selecting edge- or level-triggering, 8-12
software, 2-45
timer interrupts, 9-16
types, 8-9
See also Exceptions, Interrupt Control Unit
INTn instruction, 2-45
Invalid opcode trap (Type 6 exception), 2-44
IRET instruction, 2-41

L

LEAVE instruction, A-7
Local bus, 3-1, 3-39, 12-11
Long integer, defined, 12-7
Long real, defined, 12-7

Math coprocessing, 12-1
hardware support, 12-1
overview, 12-1
Memory
addressing, 2-28-2-36
operands, 2-28
reserved locations, 2-15
Memory devices, interfacing with, 3-6-3-7
Memory segments, 2-8
accessing, 2-5, 2-10, 2-11, 2-13
address
base value, 2-10, 2-11, 2-12
Effective Address (EA), 2-13
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logical, 2-10, 2-12
offset value, 2-10, 2-13
overriding, 2-11,2-13
physical, 2-3,2-10, 2-12
and dynamic code relocation, 2-13
Memory space, 3-1-3-6

N

Normally not-ready signal, See READY
Normally ready signal, See READY

Numerics coprocessor fault (Type 16 exception),
2-44, 12-13

o
ONCE mode, 13-1
One-shot, code example, 9-17-9-23
Ordinal, defined, 2-37
Oscillator
external
and powerdown, 5-19
selecting crystal, 5-5
using canned, 5-6
internal crystal, 5-1-5-10
controlling gating to internal clocks,
5-18
operation, 5-2-5-3
selecting C; and L; components, 5-3—
5-6
OUTS instruction, A-2
Overflow Flag (OF), 2-7, 2-9, 2-44

P
Packed BCD, defined, 2-37
Packed decimal, defined, 12-7
Parity Flag (PF), 2-7, 2-9
PCB Relocation Register, 4-1, 4-3, 4-6
and math coprocessing, 12-1
PDTMR pin, 5-18
Peripheral Control Block (PCB), 4-1
accessing, 4-4
and F-Bus operation, 4-5
base address, 4-6—4-7
bus cycles, 4-4
READY signals, 4-4
reserved locations, 4-6
wait states, 4-4
Peripheral control registers, 4-1, 4-6

INDEX

Pointer, defined, 2-37
Poll register, 8-9, 8-19, 8-20
Poll Status register, 8-9, 8-19, 8-20, 8-21
Polling, 8-1, 8-9
POPA instruction, A-1
Port Control Register (PxCON), 11-8
Port Data Latch Register (PXLTCH), 11-10
Port Direction Register (PxDIR), 11-9
Port Pin State Register (PxPIN), 11-11
Power consumption, reducing, 3-28, 5-19
Power Control Register, 5-12
Power management, 5-10-5-19
Power management modes
and HALT bus cycles, 3-28, 3-30, 3-32
compared, 5-19
Powerdown mode, 5-16-5-19, 7-2
and bus cycles, 5-16
control register, 5-12
entering, 5-17
exiting, 5-18-5-19
exiting HALT bus cycle, 3-33
initialization code, 5-15-5-18
Priority Mask register, 8-18
Processor control instructions, 2-27
Processor Status Word (PSW), 2-1, 2-7, 2-41
bits defined, 2-7, 2-9
flag storage formats, 2-19
reset status, 2-7
Program transfer instructions, 2-23-2-24
conditional transfers, 2-24, 2-26
interrupts, 2-26
iteration control, 2-25
unconditional transfers, 2-24
Programming examples, See Software
PUSH instruction, A-8
PUSHA instruction, A-1

R

RCL instruction, A-10

RCR instruction, A-10

Read bus cycles, See Bus cycles

READY
and chip-selects, 6-11
and normally not-ready signal, 3-16-3-18
and normally ready signal, 3-16-3-17
and PCB accesses, 4-4
and wait states, 3-13-3-18
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block diagram, 3-15
implementation approaches, 3-13
timing concerns, 3-17
Real, defined, 12-7
Real-time clock, code example, 9-17-9-20
Refresh address, 7-4
Refresh Address Register (RFADDR), 7-10
Refresh Base Address Register (RFBASE), 7-7,
7-8
Refresh bus cycle, See Bus cycles
Refresh Clock Interval Register (RFTIME), 7-7,
7-8
Refresh Control Register (RFCON), 7-9, 7-10
Refresh Control Unit (RCU), 7-1-7-14
and bus hold protocol, 7-13-7-14
and Powerdown mode, 7-2
block diagram, 7-1
bus latency, 7-7
calculating refresh interval, 7-7
control registers, 7-7-7-10
initialization code, 7-11
operation, 7-2
overview, 7-2-7-4
programming, 7-7-7-12
relationship to BIU, 7-1
Register operands, 2-27
Registers, 2-1
control, 2-1
data, 2-4, 2-5
general, 2-1,2-4,2-5
H & L group, 2-4
index, 2-5, 2-13, 2-34
P & I group, 2-4
pointer, 2-1, 2-5, 2-13
pointer and index, 2-4
segment, 2-1,2-5, 2-11, 2-12
status, 2-1
Relocation Register, See PCB Relocation Register
Reset
and bus hold protocol, 5-6
and clock synchronization, 5-6-5-10
cold, 5-7,5-8
RC circuit for reset input, 5-7
warm, 5-7, 5-9
ROL instruction, A-10
ROR instruction, A-10
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SAL instruction, A-9
SAR instruction, A-9
Serial Communications Unit (SCU)
asynchronous communications, 10-1-10-8,
10-13-10-18
example, 10-24-10-28
mode 1, 10-6
mode 2, 10-7
mode 3, 10-6
mode 4, 10-6
baud rates, 10-10-10-13
baud timebase clock, 10-21, 10-22
BCLK pin timings, 10-19-10-21
break characters, 10-4, 10-15
channel 0 interrupts, 10-22
channel 1 interrupts, 10-22
CTS# pin timings, 10-19
examples, 10-24-10-36
features, 10-1
framing errors, 10-4
hardware considerations, 10-19-10-22
interrupts, 10-22
master/slave example, 10-28-10-36
multiprocessor communications, 10-14
overrun errors, 10-4
gverview, 10-1-10-8
parity errors, 10-4
programming, 10-9-10-19
receiver, 10-2
RX machine, 10-2
stand-alone communications, 10-13
synchronous communications, 10-8, 10-19
example, 10-27
timings, 10-21
transmitter, 10-4
TX machine, 10-4
Serial Port Control Register (SxCON), 10-16
Serial Port Status Register (SxSTS), 10-17, 10-18
Serial ports, See Serial Communications Unit
(SCU) ,
Serial Receive Buffer Register (SxXRBUF), 10-9
Serial Transmit Buffer Register (SXTBUF), 10-10
SHL instruction, A-9
Short integer, defined, 12-7
Short real, defined, 12-7
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SHR instruction, A-9
SIregister, 2-1,2-5, 2-13, 2-22, 2-23, 2-30, 2-32,
2-34
Sign Flag (SF), 2-7,2-9
Single-step trap (Type 1 exception), 2-43
Software
code example
80C187 floating-point routine, 12-16
80C187 initialization, 12-13-12-15
digital one-shot, 9-17-9-23
I/O port configuration, 11-12
ICU initialization, 8-24
real-time clock, 9-17-9-19
SCU asynchronous mode, 10-24
SCU master/slave network, 10-28—
10-36
initialization code, 10-30-10-32
_select_slave routine, 10-31-10-32
_send_slave_command routine,
' 10-36
_slave_1 routine, 10-33-10-35
SCU synchronous mode, 10-27
square-wave generator, 9-17-9-22
TCU configurations, 9-17-9-23
data types, 2-37, 2-38
dynamic code relocation, 2-13, 2-14
interrupts, 2-45
overview, 2-17
See also Addressing modes, Instruction set
Square-wave generator, code example, 9-17-9-22
SS register, 2-1, 2-5, 2-6, 2-13, 2-15, 2-30, 2-45
Stack frame pointers, A-2
Stack Pointer, 2-1, 2-5, 2-13, 2-15, 2-45
Stack segment, 2-5
Stacks, 2-15
START registers, CSU, 6-5, 6-7, 6-11
STOP registers, CSU, 6-5, 6-8, 6-12
String instructions, 2-22-2-23
and addressing modes, 2-34
and memory-mapped I/O ports, 2-36
operand locations, 2-13
operands, 2-36
Strings
accessing, 2-13, 2-34
defined, 2-37
Synchronizing asynchronous inputs, B-1
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Temporary real, defined, 12-7
Terminology
"above" vs "greater", 2-26
"below" vs "less", 2-26
device names, 1-2
Timer Control Registers (TxCON), 9-7, 9-8
Timer Count Registers (TXCNT), 9-10
Timer Counter Unit (TCU), 9-1-9-23
application examples, 9-17-9-23
block diagram, 9-2
clock sources, 9-12
configuring a digital one-shot, 9-17-9-23
configuring a real-time clock, 9-17-9-19
configuring a square-wave generator, 9-17—
9-22
counting sequence, 9-12-9-13
dual maxcount mode, 9-13-9-14
enabling and disabling counters, 9-15-9-16
frequency, maximum, 9-17
initializing, 9-11
input synchronization, 9-17
interrupts, 9-16
overview, 9-1-9-6
programming, 9-6-9-16
considerations, 9-16
pulsed output, 9-14-9-15
retriggering, 9-13-9-14
setup and hold times, 9-16
single maxcount mode, 9-13, 9-14-9-16
timer delay, 9-1
timing, 9-1
and BIU, 9-1
considerations, 9-16
TxOUT signal, 9-15
variable duty cycle output, 9-14-9-15
Timer Maxcount Compare Registers (TxCMPA,
TxCMPB), 9-11
Timers, See Timer/Counter Unit (TCU), Watchdog
timer
Trap exceptions, 2-43
Trap Flag (TF), 2-7, 2-9, 2-43, 2-48
T-state
and bus cycles, 3-9
and CLKOUT, 3-8
defined, 3-7
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Wait states
and bus cycles, 3-13
and chip-selects, 6-11-6-14
and DRAM controllers, 7-1
and PCB accesses, 4-4
and READY input, 3-13
Word integer, defined, 12-7
Write bus cycle, 3-22

y 4
Zero Flag (ZF), 2-7,2-9,2-23
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