Table 5-3. 8086 Memory Addressing Options ldentified by the EA Abbreviations
in Tables 5-4, 5-5, and 5-6

. Possible Displacements Assembly
Memory Segment Base Index ~ 8Bt Language
Reference Register Register Register 16_'5“ High-order Bit None Operand
Unsigned Extended Mnemonic
Normal Data
Memory
Reference
Stack sp None
String DS None Sl
Data ES _ None [b]
Instruction
Fetch CS PC None
Branch CS PC None X
1/0 Data DS DX None
These columns contribute to OEA. This column
These columns contribute to EA. to be provided

Shaded rows apply to EA and DADDR. * The segment override allows DS or SS to be replaced
by one of the other segment registers

Shaded row applies to EA and LABEL. X These are displacements that can be used to compute
memory addresses.
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The following abbreviations are used in Tables 5-4 and 5-5:

AH Accumulator, high-order byte
AL Accumulator, low-order byte
AL7 The value of register AL high-order bit (0 or 1) extended to a byte (001 or FF1g)
AX Accumulator, both bytes
AX15 The value of register AH high-order bit (0 or 1) extended to a 16-bit word (00001¢g or FFFF1g)
BD The destination is a byte operand (used only by the Assembler)
BH B register. high-order byte
BL B register, low-order byte
BRANCH Program memory direct address, used in Branch addressing option shown in Tables 5-1 and 5-2
BS The source is a byte operand {used only by the Assembler)
BX B register, both bytes
o Carry status ;
CH C register. high-order byte
CL C register, low-order byte
CS Code Segment register
CX C register, both bytes
DADDR Data memory address operands identified in Table 5-3
DATAS8 Eight bits of immediate data
DATA16 16 bits of immediate data
DH D register. high-order byte
Di Destination Index register
DISP An 8-bit or 16-bit signed displacement
DISP8 An 8-bit signed displacement
DL D register. low-order byte
DS Data Segment register
DX D register, both bytes
EA Effective data memory address using any of the memory addressing options identified in Table 5-2
ES Extra Segment register
[ Status flag set to 1
1/D Increment/decrement selector for string operations; increment if D is O, decrement if D is 1
LABEL Direct data memory address, as identified in Table 5-2
N A number between 0 and 7
(0] Status flag reset to 0
OEA Offset data memory address used to compute EA:
EA =0OEA + [DS] « 16
PC Program Counter
PDX I/0 port addressed by DX register contents; port number can range from O through 65,636
PORT A label identifying an 1/0 port number in the range O through 25510
RB Any one of the eight byte registers: AH. AL, BH. BL, CH. CL, DH, or DL
RBD Any RB register as a destination
RBS Any RB register as a source
RW Any one of the eight 16-bit registers: AX, BX, CX, DX, SP, BP, SI. or DI
RWD Any RW register as a destination
RWS Any RW register as a source
SEGM Label identifying a 16-bit value loaded into the CS Segment register to execute a segment jump
SFR Status Flags register
Si Source Index register
SP Stack Pointer
SR Any one of the Segment registers CS. DS, ES, or SS
SS Stack Segment register
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U Status flag modified, but undefined

\ Any number in the range O through 256510

X Status flag modified to reflect result

WD The destination is a word operand {used only by the Assembler

WS The source is a word operand (used only by the Assembler)

[[n Contents of the memory location addressed by the contents of the location enclosed in the double
brackets

[] The contents of the location enclosed in the brackets .

— Data on the right-hand side of the arrow is moved to the location on the left-hand side of the arrow

— Contents of locations on each side of «— are exchanged

— The twos compiement of the value under the —

# Not equal to

INSTRUCTION EXECUTION TIMES AND CODES

Table 5-5 lists instructions in alphabetical order, showing object codes and execution times, for the 8086 and the
8088, expressed in whole clock cycles. Execution time is the time required from beginning execution of an instruction
that is in the queue to beginning execution of the next instruction in the queue. The time required to place an instruc-
tion from memory into the queue (instruction fetch time) is not shown in the table; because of queuing. instruction
fetch time occurs concurrently with instruction execution time and thus has no effect on overall timing, except as
specifically noted in the table.

Instruction object codes are represented as two hexadecimal digits for instruction bytes without variations.
Instruction object codes are represented as eight binary digits for instruction bytes with variations for the instruction.
The following notation is used in Tables 5-4 and 5-5:

(] indicate an optional object code byte
a one bit choosing length:

in bit position 0 a=0 specifies 1 data byte; a=1 specifies 2 data bytes

in bit position 1 a=0 specifies 2 data bytes: a=1 specifies 1 data byte
aa two bits choosing address length:

no DISP = 00
one DISP byte = 01
two DISP bytes = 10, or 00 with bbb = 110
11 causes bbb to select a register, using the 3-bit code given below for reg.

bbb three bits choosing addressing mode:

000 EA = (BX) + (SI) + DISP

001 EA = (BX) + (DI) + DISP

010 EA = (BP) +(Sl) + DISP

011 EA = (BP) + (DI) + DISP

100 EA = (Sl) + DISP

101 EA = (DI) + DISP

110 EA = (BP) + DISP

111 EA = (BX) + DISP

DISP represents two hexadecimal digit memory displacement
ddd represents three binary digits identifying a destination register (see reg.)
rr two binary digits identifying a segment register:

00 = ES

01 =CS

10 = SS

11 =DS
reg three binary digits identifying a register:

16-bit  8-bit

000 = AX AL

001 = CX CL

010 = DX DL

011t = BX BL

100 = SP AH

101 = BP CH

110 = Sl DH

111 = DI BH
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SSS represents three binary digits identifying a source register (see reg)

PPQQ represents four hexadecimal digit memory address
Y one bit choosing shift length:
0 count = 1
1 count = (CL)
X “don’t care’”” bit
YY represents two hexadecimal data digits
YYYY represents four hexadecimal data digits
z one bit where z XOR (ZF) = 1 terminates loop
* Execution time is less than or equal to instruction fetch time.
bl Includes up to eight clock cycles of overhead on each transfer due to queue maintenance. For conditional

jumps, the lesser figure is when the test fails {no jump taken).

Effective Address calculation and extra clock cycles:

Extra Clock Periods
bbb EA 8086(1) 8088(2)
000 (BX) + (S) 7 7
000 (BX) + (SI) + DISP8 11 11
000 (BX) + (SI) + DISP16 1 15
001 (BX) + (D) 8 8
001 (BX) + (DI) + DISP8 12 12
001 (BX)} + (DI) + DISP16 12 16
010 (BP) + (SI) 8 8
010 (BP) + (SI) + DISP8 12 12
010 (BP) + (Sl) + DISP16 12 16
011 (BP) + (D)) 7 7
o1 (BP) + (DI + DISP8 11 1
o011 (BP) + (DI) + DISP16 1 15
100 (SI) ir (DI) or (BD) 5 5
101 or (BX)
110 . + DISP8 9 9
1M1 + DISP16 9 13
8-bit immediate 6 6
16-bit immediate 6 10
(1) Add another 4 clock cycles for each
16-bit operand or an odd address boundary.
(2) Add anoter 4 clock cycles for each
16-bit operand.
Substitute the clock cycles shown above wherever EA appears in Tables 5-4 and 5-5.
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