






























































































































































































































































































































































































































































































































































































































































































































The Super386 Instruction Set SETcc • 

Instruction 

SETE/SETZ r/m8 

SETNE/SETNZ r/m8 

SETA/SETNBE r/m8 

SETBE/SETNA r/m8 

SETB/SETNAE r/m8 

SETAE/SETNB r/m8 

SETG/SETNLE r/m8 

SETGE/SETNL r/m8 

SETL/SETNGE r/m8 

SETLE/SETNG r/m8 

SETS r/m8 

SETNSr/m8 

SETOr/m8 

SETNOr/m8 

SETPr/m8 

SETNPr/m8 

SETcc-Set Byte on Condition 

Opcode Action Clocks 

OF94 r/m8 - 1 if ZF - 1 otherwise r/m8 - 0 2*/7* 

OF95 r/m8 - I if ZF - 0 otherwise r/m8 - 0 2*/7* 

OF97 r/m8 - 1 if CF - 0 and ZF - 0 otherwise r/m8 - 0 2*/7* 

OF96 r/m8 - l if CF - 1 or ZF - 1 otherwise r/m8 - 0 2*/7* 

OF92 r/m8 - l if CF - l otherwise r/m8 - 0 2*/7* 

OF93 r/m8 - 1 if CF - 0 otherwise r/m8 - 0 2*/7* 

OF9F r/m8 - 1 if ZF - 0 or SF - OF otherwise r/m8 - 0 2*/7* 

OF9D r/m8 - 1 if SF - OF otherwise r/m8 - 0 2*/7* 

OF9C r/m8 - 1 if SF<> OF otherwise r/m8 - 0 2*/7* 

OF9E r/m8 - 1 if ZF - 1 or SF <> OF otherwise r/m8 - 0 2*/7* 

OF98 r/m8 - l if SF - 1 otherwise r/m8 - 0 2*/7* 

OF99 r/m8 - 1 if SF - 0 otherwise r/m8 - 0 2*/7* 

OF90 r/m8 = l if OF - 1 otherwise r/m8 = 0 2*/7* 

OF91 r/m8 = l if OF = 0 otherwise r/m8 = 0 2*/7* 

OF9A r/m8 = 1 if PF - 1 otherwise r/m8 = 0 2*/7* 

OF9B r/m8 = l if PF = 0 otherwise r/m8 - 0 2*/7* 

These instructions set the byte operand to 1 if the condition listed above is true. 
If the condition is false, the byte is cleared to 0. Some opcodes have more than 
one mnemonic, because their effects can be interpreted in different ways. In the 
mnemonics listed above, the following abbreviations are used: 

A above (for comparing unsigned integers) 
B below (for comparing unsigned integers) 
C carry 
E equal to 
G greater than (for comparing signed integers) 
L less than (for comparing signed integers) 
N not 
0 overflow 
P parity 
S sign 
Z zero 

Flags Changed: None 
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• SGDT 

ln$tructlon 

SGDTm 

A·120 

The Super386 Instruction ~et 

SGDT-Store Global Descriptor Table Register 

Opcode Action Clocks 

OFOl/O Copy global descriptor table register to m 10* 

SGDT copies the contents of the GDTR to a six-byte memory structure that is 
addressed by the destination operand. 

For 32-bit operands, a two-dword memory structure is used. The first dword begins 
with a word for the segment limit, followed by the low-order word of the segment 
base. The second dword contains the high-order word of the segment base. The 
upper word of the second dword is undefined. 

For 16-bit operands, a three-word memory structure is used. The first word is the 
segment limit. The second word is the low-order word of the segment base. The 
first byte of the third word is the high-order byte of the segment base. The upper 
byte of the third word is undefined. 

See the section entitled "Descriptor Tables and Their Registers" in Chapter 4 for 
details. 

Unlike the LGDT instruction, SGDT can be executed from any privilege level. 

Flags Changed: None 
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The Super386 Instruction Set SHLD • 

SHLD-Shift Left Double 

Instruction Opcode Action Clocks 

SHLD r/m, r, CL OF AS Shift r/m + r left CL times; result in r/m 6*/9* 

SHLD r/m, r, imm8 OF A4 Shift r/m + r left imm8 times; result in r/m 6*/9* 

SHLD shifts the bits of the first operand left and stores the result in the second 
operand. The vacated low-order bits are filled with the high-order bits of the second 
operand. The third operand indicates how many bit shifts to perform; only the 
low-order five bits of this operand (indicating 32 bit shifts) are significant. 

The high-order bit shifted out of the first operand is copied to the CF flag. The OF 
flag is set to 1 if the most-significant bit of the first operand (the sign bit of the 
result) after the shift does not match the carry flag; otherwise, OF is cleared to 0. 

Flags Changed: 

Chips and Technologies, Inc. 

AF 
CF 

undefined 

low-order bit shifted out 

OF undefined 

PF 0 if odd parity, 1 if even parity 

SF high-order bit of result 

ZF 0 if result was nonzero, 1 if result was zero 
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• SHAD 

Instruction 

SHRD r/m, r, CL 

SHRD r/m, r, imm8 

A-122 

The Super386 Instruction Set 

SHRD-Bhift Right Double Precision 

Opcode Action Clocks 

OFAD Shift r/m + r right CL times; result in r/m 6*/9* 

OFAC Shift r/m + r right innn8 times; result in r/m 6*/9* 

SHRD shifts the bits of the first operand right and stores the result in the second 
operand. The vacated high-order bits are filled with the low-order bits of the second 
operand. The.third operand indicates how many bit shifts to perform; only the 
low-order five bits of this operand (indicating 32 bit shifts) are significant. 

The low-order bit shifted out of the first operand is copied to the CF flag. 

Flags Changed: AF undefined 

CF low-order bit shifted out 

OF undefined 

PF 0 if odd parity, 1 if even parity 

SF high-order bit of result 

ZF 0 if result was nonzero, 1 if result was zero 
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The Super386 Instruction Set SIDT. 

Instruction 

SIDTr/m16 

SIDT-Store Interrupt Descriptor Table Register 

Opcode Action Clocks 

OF 01 /1 Copy interrupt descriptor table register to r/m16 10* 

SIDT copies the contents of the IDTR to a six-byte memory structure addressed by 
the destination operand. 

For 32-bit operands, a two-dword memory structure is used. The first dword begins 
with a word for the segment limit, followed by the low-order word of the segment 
base. The second dword contains the high-order word of the segment base. The 
upper word of the second dword is undefined. 

For 16-bit operands, a three-word memory structure is used. The first word is the 
segment limit. The second word is the low-order. word of the segment base. The 
first byte of the third word is the high-order byte of the segment base. The upper 
byte of the third word is undefined. 

See the section entitled "Descriptor Tables and Their Registers" in Chapter 4 for 
details. 

Unlike the LIDT instruction, SIDT is not a privileged instruction and can be 
executed from any privilege level. 

Flags Changed: None 
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• SLOT 

Instruction 

SLDTr/m16 

A-124 

The Super366 Instruction Set 

SLDT-Store Local Descriptor Table Register 

Opcode Action Clocks 

OFOO/O Copy local descriptor table register to r/m16 4*/5* 

SLDT copies the 16-bit contents of the LDTR to the operand. 

LDTs are only used in protected mode. Like the LLDT instruction, SLDT can only 
be used from privilege level 0. 

See the section entitled "Descriptor Tables and Their Registers" in Chapter 4 for 
details. 

Flags Changed: None 
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The Super386 Instruction Set SMSW. 

Instruction 

SMSWr/ml6 

SMSW-Store Machine Status Word 

Opcode Action Clocks 

OF 01 /4 Copy machine status word to r/ml6 3*/4* 

SMSW is provided for compatibility with the 80286. It is not recommended for use 
in new Super386 code. Use the MOV instruction instead. SMSW copies the lower 
word of control register CRO, called the machine status word (MSW), into the 
instruction's operand. 

Unlike the LMSW instruction, SMSW can be used from any privilege level. 

Flags Changed: None 
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• STC The Super386 Instruction Set 

STC-Set Carry Flag 

lnstruQtion Opcode Action Clocks 

STC F9 Set CF= 1 2 

STC sets the carry flag (CF) to 1. 

Flags Changed: CF 1 
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The Super386 Instruction Set STD. 

STD-Set Direction Flag 

Instruction Opcode Action Clocks 

STD FD SetDF• l 2 

STD sets the direction flag (DF) to 1. Following an STD instruction, string 
instructions decrement their index registers (E)Sl and/or (E)DI. The DF settings are: 

DF = 1 Decrement (E)Sl and (E)DI 
DF = 0 Increment (E)SI and (E)DI 

Flags Changed: DF = 1 
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I 
• STI 

.Instruction 

STI 

A-128 

The Super386 Instruction Set 

STI-Set Interrupt Flag 

Opcode Action Clocks 

PB SetIF-1 5 

STI sets the interrupt flag (IF) to 1. When STI is executed, the processor will 
respond to external interrupts after the instruction following STI has completed, 
and until the IF flag is cleared to 0. 

In protected mode, the CPL must be less than or equal to IOPL. 

The flag is cleared with the CLI instruction. 

Flags Changed: IF 1 
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The Super386 Instruction Set STOSB, STOSW, and STOSD • 

Instruction 

STOSB 

STOSW 

STOSD 

SJo-r<2-
STOSB, STOSW, and STOSDetring Operands 

Opcode Action Clocks 

AA Store byte in AL at address in ES:[(E)DI] 5 

AB Store word in AX at address in ES:[(E)DI] 5 

AB Store dword in EAX at address in ES:[(E)DI] 5 

STOSB, STOSW, and STOSD copy the contents (byte, word, or dword) of the AL, 
AX, or EAX register to the memory location addressed indirectly by the ES:(E)DI 
register. 

If the DF flag is cleared to 0, the destination register is incremented by 1, 2, or 4 
(depending on operand size) to point to the next string element. If DF is set to 1, the 
destination register is decremented. The LOOP instruction or the REP instruction 
prefix can be used to repeat the operation. 

Offset (E)DI is referenced to the ES segment register and cannot be overridden with 
an instruction prefix. 

Flags Changed: None 
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• $TR 

STRr/m16 

A•130 

The Super386 Instruction Set 

STR-Store Task Register 

Opcode Action Clocks 

OF00/1 Copy task register contents to r/m16 4*/5* 

STR copies the task register, which contains the selector for current TSS, into the 
operand. The instruction operates only in protected mode. 

Flags Changed: None 
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The Super386 Instruction Set sue • 

Instruction 

SUBr,r/m 

SUBr/m,r 

SUBr/m,imm 

SUB r/m, imm8 

SUBAL,imm8 

SUB AX/BAX, imm 

SUB-Integer Subtraction 

Opcode Action Clocks 

2A (8},2B (16,32) Subtract r/m operand from r 1/5 

28 (8),29 (16,32) Subtract r operand from r/m 1/5 

80/5 (8), 81 /5 (16, 32) Subtract imm operand from same-size r/m 1/5 

83 /5 ( 16, 32) Subtract imm8 operand from r/m 1/5 

2C Subtract imm8 operand from AL 

20 (16, 32) Subtract imm operand from AXfEAX 

SUB subtracts the second operand from the first operand and stores the result in the 
first operand. The instruction operates on signed or unsigned integers. 

The LOCK prefix can be used with this instruction when a memory operand is 
modified as a result of the operation. 

Flags Changed: AF 0 if no borrow to low nibble, 1 if borrow 

CF 0 if no borrow to high-order bit, 1 if borrow 

OF 0 if no overflow, 1 if overflow 

PF 0 if odd parity, 1 if even parity 

SF high-order bit of result 

ZF 0 if result was nonzero, 1 if result was zero 
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• TEST 

Instruction 

TESTr/m,r 

ESTr/m,imm 

TEST AL, immS 

TEST (E)AX, imm 

A-132 

The Super386 Instruction Set 

TEST-Logical Bit Test 

Opcode Action Clocks 

84 {SJ, 85 I 16, 32J Logical AND of r/m and r operands 2/6 

F6 /0 (8), F7 /0 { 16, 32) Logical AND of r/m and imm operands 1/5 

AS Logical AND of r/m and immS operands 2 

A9I16, 32) Logical AND of (E)AX and imm operands 2 

TEST does a logical AND of the two operands. The result is discarded but the 
arithmetic flags (except AF) are valid. 

The instruction can be used, for example, to determine if either operand is nonzero 
(ZF = 0). Unlike the AND instruction, TEST does not alter the first operand. 

Flags Changed: AF undefined 

CF 0 

OF 0 

PF 0 if odd parity, 1 if even parity 

SF high-order bit of result 

ZF 0 if result was nonzero, 1 if result was zero 
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The Super386 Instruction Set VEAR and VERW • 

Instruction 

VERRr/ml6 

VERWr/ml6 

VERR and VERW-Verify Segment for Read/Write 

Opcode Action Clocks 

OF 00/4 ZF - l if segment indicated by r/ml6 is readable otherwise ZF - 0 23*/26* 

OF 00/5 ZF - l if segment indicated by r/ml6 is writable otherwise ZF - 0 23*/26* 

These instructions determine whether the segment referenced by the selector in the 
operand is one of the following: 

• Defined (within the limits of the GDT or an LDT) 

• A code or data segment (not a TSS, gate, or descriptor table) 

• Readable (VERR) or writable (VERW) 

• Reachable according to the architecture's privilege-level rules. 

These instructions cannot be used in real or virtual-8086 mode. 

For details on privilege-level checking, see the sections entitled "Protection 
Mechanisms" and "Other Processing Modes" in Chapter 4. 

Flags Changed: ZF 1 if all conditions are met; otherwise 0 

Chips and Technologies, Inc. PRELIMINARY A-133 



• WAIT 

Instruction 

WAIT 

A-134 

The Super386 Instruction Set 

WAIT-'-Wait Until Not Busy 

Opcode Action Clocks 

9B Wait for BUSY input signal to go inactive 2* 

WAIT is designed for synchronizing processor and coprocessor interactions. 
It idles the processor until the BUSY signal goes inactive, indicating that the 
coprocessor is able to accept another command from the processor. The BUSY 
signal can be asserted by other devices if the system does not have a coprocessor 
installed, enabling the WAIT instruction to halt execution until the signal is 
deasserted. 

WAIT should be issued before accessing data stored by the coprocessor, and at the 
end of any program that uses the coprocessor. The mnemonics WAIT and FW AIT 
are equivalent. 

Flags Changed: None 
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The Super386 Instruction Set XCHG • 

XCHG-Exchange Register With Memory or Register 

Instruction Opcode Action Clocks 

XCHG r, r/m 86 (8), 87 ( 16, 32) Exchange rand r/m values 4/7 

XCHG (E)AX, reg 90+reg Exchange (E)AX and reg values 3* 

XCHG exchanges the values in the first and second operands. The operands may 
be in any order. If one operand is a memory operand, the LOCK signal is asserted 
during the instruction operation. The LOCK prefix has no effect on this instruction. 

Flags Changed: None 
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• XLATB 

Instruction 

XLATB 

A-136 

The Super386 Instruction Set 

XLATB-Translate Byte via Table Lookup 

Opcode Action Clocks 

D7 Copy byte at DS:(E)BX +AL into AL 5* 

XLATB uses AL as an offset into a table in memory whose base is pointed to by 
DS:{E)BX. The referenced entry (a byte) is copied into AL, overwriting the original 
offset. 

The address-size attribute determines whether EBX or BX points to the base of the 
table. A segment-override instruction prefix can be used to reference a segment 
other than DS. 

Flags Changed: None 
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The Super386 Instruction Set XOR • 

Instruction 

XORr,r/m 

XORr/m,r 

XORr/m,imm 

XOR r/m, imm8 

XORAL,imm8 

XOR (E)AX, imm 

XOR-Bitwise Exclusive-OR 

Opcode Action Clocks 

32 {8),33 {16,32) XOR of r/m and r operands, result in r 1/5 

30 {8), 31 { 16,32) XOR of r/m and r operands, result in r/m 1/5 

80 /6 (8J, 81/6I16, 32) XOR of r/m and imm operands, result in r/m 1/5 

83 /6 (16, 32) XOR of r/m and imm8 operands, result in r/m 1/5 

34 XOR of AL and imm8 operands, result in AL 

35 I 16, 32) XOR of (E)AX and imm operands, result in (E)AX 

XOR performs a logical exclusive-OR on each bit of the two operands. The result is 
stored in the first operand. 

fu exclusive-OR operations, a 1 bit is written when the corresponding bits in the 
operands consist of a 1 and a 0. If there are two ls or two Os, a 0 is written. The 
instruction is useful for setting specific bits in a number. For example, XORing a 
value with itself clears the value to 0. 

The LOCK prefix can be used with this instruction when a memory operand is 
modified as a result of the operation. 

Flags Changed: AF undefined 

CF 0 

OF 0 

PF 0 if odd parity, 1 if even parity 

SF high-order bit of result 

ZF 0 if result was nonzero, 1 if result was zero 
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APPENDIX 8 

Super386 Quick Reference 

This appendix summarizes the features of the Super386 microprocessor in the 
following sections: 

• System Register Reference 

• Protected Mode Reference 

• Instruction Reference 

• Address Mode Reference 

• Opcodes. 

System Register Reference 

Figure B-1 provides an overview of the Super386 registers. It includes the 
instruction pointer, flag, general purpose, and segment registers. 
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• Super386 Quick Reference Super386 Programmer's Reference 

8·2 

Figure B-1. System Register Overview 

Instruction Pointer CIPJ 
31 16 15 0 

IP EIP 

Flag Register 
31 18 1615 8 7 0 

VM Virtual 8086 Mode 
RF Resume Flag 
NT Nested Task Flag 
IOPL I/O Privilege Level, 

00 Highest Privilege 
11 Lowest Privilege 

OF Overflow Flag 

EFLAGS 

IF Interrupt Enable Flag 
TF Trap Flag 
SF Sign Flag 
ZF Zero Flag 
AF Auxiliary Carry Flag 
PF Parity Flag 
CF Carry Flag 

General Purpose Registers CGPRJ 
31 1615 87 

AX 
AH l AL 

RX 
BH l BL 

ex 
CH l CL 

DX 
DH 1 DL 

ESI 

EDI 

EBP 

ESP 

Segment Registers 
15 0 

cs 

DS 

SS 

ES 

FS 

GS 

System Segment 
15 0 

(32-bit registers) 
EAX Accumulator 

EBX Base 

ECX Count 

EDX Data 

ESI Sourc.e Index 

EDI Destination Index 

EBP Base Pointer 

ESP Stack Pointer 

Code Segment Selector 

Data Segment Selector 

Stack Segment Selector 

Extra Segment Selector 

Extra Segment Selector 

Extra Segment Selector 

TR I Task Register Selector 
t-----L-D_T_R ____ ""'I Local Descriptor Table 

----------- Register Selector 
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Figure 8-1. System Register Overview (continued) 

Teat Registers 
31 

Linear Address 

Physical Address 

12 

VO 

0 0 

0 u vw W0 

0 0 00 0 0 

0 ~0 
o'. REP 

0 

0 c 

0 0 

TR6 

TR7 

System Addreea Registers 
47 1615 0 

Base Linear Address Limit GOTR 

Base LiMar Address Limit IDTR 

Control Registers 
31 12 0 

Page Directory Base Register CR3 

CR2 

CRO 

PG Paging Enable MP Math Present 
TS Task Switch PE Protection Enable 
EM Coprocessor Emulation 

Debug Registers 
31 1615 0 

"" N 

~I~ 
.... ~ ~~! lgl0 as ~~ as z: ........ 00 0 0 ww "'"' NN.-1 ..... 
LU "':a LU "'--' "'--' "'--'"' "'--' ...J ...J ...J ...J 

DR7 

~0 00 ~0 0 0 ~0 0 0 ~ 00 >-Ill ~0 0 0 0 0 00 00 ~~ ~~ "'"' DRG 

Breakpoint 3 Linear Address ORJ 

Breakpoint 2 Linear Address DR2 

Breakpoint 1 Linear Address DRl 

Breakpoint 8 Linear Address DRU 

GE Global Exact 
LE Local Exact 

RX/WX ex = 8-3) 

GX ex = 0-3! Global x Enables 
LX ex = 0-3! Local x Enables 
BX ex = 0-JJ Breakpoint x Occurred 
BT Debug Task Switch 
BS Debug, Single-step 
BO Debug Register Access 

08 Break On Instruction 
Execution Only 

01 Break On Data Writes 
Only 

10 Break On Data Reads 
Or Data Writes 

11 Break On Data Reads 
0 r Data Writes 

LEHX ex = 03) 
80 One-byte Length 
01 Two-byte Length 
10 Undefined 
11 Four-byte Length 
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Protected Mode Reference 

B·4 

Figure B-2 shows the selector register format and the segment registers. The 
selectors point to the descriptors in the global descriptor table (GDTR) or the 
local descriptor table (LDTR) as specified by the TI bit of the selector. 

In Figures B-3 through B-6, the 16-bit descriptors specify the format for a 286 
descriptor. The 32-bit descriptors specify the format for a Super386 descriptor. 
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Figure B-2. Selector Register and Shadow 

Selectors 
Point to 
Oescri11tors 
in LDT or GOT 
as s11eci fied 
in TI bit 

CPU 

Memory 
Data 
Structures 

Selector Format 
15 3 2 10 

I Descriptor Index l=l~l 
RPL Requestor Privilege Level 
TI Table Index C0 = GOT, 1 = LDTl 

Segment Registers 

cs Selector cs Shadow Reg 
OS Selector OS Shadow Reg 
ES Selector ES Shadow Reg 
FS Selector FS Shadow Reg 
GS Selector GS Shadow Reg 
SS Selector SS Shadow Reg 

Interrupt Descriptor 
Table Register CIDTRJ 

Base Limit 

Interrupt Descriptor Table CIDTJ 

Interrupt Gates 

Trap Gates 
Task Gates 

Super386 Quick Reference • 

Local Descriptor 
Table Reg CLDTRl 

Selector 

Task Register CTR) 
Selector 

Global Descriptor 
Table Register CGDTRl 

Base Limit 

Global Decriptor Table CGDTl 

CS Descri11tors 
OS Descriptors 

Call Gate Descriptors 
Task Gate Descriptors 

TSS Descri11tors 
LDT Descriptors 

Task State Segments CTSS) 

'-----~Local Descriptor Table CLDTJ 

CS Descriptors 
DS Descriptors 

Call Gate Descriptors 
Task Gate Descri11tors 
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B-6 

Figure B-3. Non-System Segment Descriptors 

Code Segment Descriptor CSuper386 32-bit Type) 
31 30 29 28 27 26 25 24 23 22 21 20 19 19 17 16 15 14 13 12 11 10 9 9 7 6 5 4 3 2 1 0 

Base 31:24 G D 0 
...J Limit p DPL 1 1 c R A Base 23:16 :::> 
c:c 19:16 

Segment Base 15:0 Segment Limit 15:0 

Code Segment Descriptor C296 16-bit Type) 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 p DPL 1 1 c R A Segment Base 23:16 

Segment Base 15:0 Segment Limit 15:0 

Data Segment Descriptor CSuper386 32-bit Type) 

Segment Base 31:24 G B 0 
...J Limit :::> 
c:c 19:16 

Segment Base 15:0 

Data Segment Descriptor C286 16-bit Type) 

0 0 0 0 0 0 0 0 0 0 

Segment Base 15:0 

Key: 
A Accessed 
AVL Available to Software 
B Big [see Table B-ll 
C Conforming 

0 0 0 0 

D Default Operand and Address Size 
C16-bit or 32-bitl 

DPL Descriptor Privilege Level 

0 0 

p DPL 1 0 E w A Segment Base 23:16 

Segment Limit 15:0 

p DPL 1 0 E w A Base 23:16 

Segment Limit 15:0 

E Expand Down [see Table B-ll 
G Granularity 
P Segment Present 
R Read Enable 
W Write Enable 

+4 

+0 

+4 

+0 

+4 

+0 

+4 
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Table B-1 describes the E-bit and B-bit encodings in the data segment descriptor. 

Table 8-1. E-bit and B-bit Encoding 

E Bit BBit Descriptor's Use Resulting Segment Characteristics 

0 

0 

0 

4 

xi In non-stack data segment: 
DS, ES, FS, or GS 

0 In stack data segment: SS 

1 In SS 

0 In DS, ES, FS, or GS 

0 In SS 

In DS, ES, FS, or GS 

In SS 

Value of this bit is 0 or l. 

Expand-up data segment 

Expand-up 16-bit stack segment2 

Expand-up 32-bit stack segment3 

Expand-down data segment, 
upper limit4 = (64k - 1) 

Expand-down 16-bit stack segment2, 
upper limit4 = (64k - 1) 

Expand-down data segment, 
upper limit4 = (4G - 1) 

Expand-down 32-bit stack segment3, 
upper limit4 = (4G - 1) 

Implicit stack references are 16-bit and SP register is updated. 

Implicit stack references are 32-bit and ESP register is updated. 

Valid offsets in an expand-down segment are between an upper limit, which is spcified by the B bit, and the 
segment limit, which is defined by the segment descriptor's segment limit field and G bit. 
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Figure B-4. System Segment Descriptors 

Local Descriptor Table CLDTJ Descriptor 
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

LDT Base 31:24 G 0 0 
_, Limit ::> 
c:c 19: 16 

LDT Base 15:0 

Interrupt Gate CSuper386 32-bit Type) 

Offset 31:16 of the 
Entry Point 

Selector 15:0 of 
Destination Code Segment 

Interrupt Gate C286 16-bit Type) 

0 0 0 0 0 0 0 0 0 0 0 0 

Selector 15:0 of 
Destination Code Segment 

Call Gate CSuper386 32-bit Type) 

0 0 

Offset 31:16 of the Entry Point 

Selector 15:0 of 
Destination Code Segment 

Call Gate C286 16-~it Type) 

0 0 0 0 0 0 0 0 0 0 0 0 0 

Selector 15:0 of 
Destination Code Segment 

Key: AVL Available to Software 
B TSS Busy 
DPL Descriptor Privilege Level 
G Granularity 
P Segment Present 

0 

0 

0 

p 

0 p 

p 

0 p 

DPL 0 

DPL 0 

0 0 1 0 LDT Base 23:16 

LDT Limit 15: 0 

Offset 15:0 of the 
Entry Point 

0 1 1 0 0 0 0~ 
Offset 15:0 of the Entry Point 

DPL 0 1 1 0 0 0 0 0 D Word 
Count 

Offset 15:0 of the Entry Point 

DPL 0 0 1 0 0 0 0 0 Word Count 

Offset 15:0 of the Entry Point 

•4 

•0 

•4 

•0 

•4 

+0 

•4 

•0 

•4 

•0 
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Figure B-4. System Segment Descriptors (continued) 

Trap Gate CSuper3B6 32-bit Type) 
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

Offset 31: 16 

Selector 15:0 of 
Destination Code Segment 

Trap Gate C286 16-bit Type) 

0 0 0 0 0 0 0 0 0 0 0 0 

Selector 15:0 of 
Destination Code Segment 

Task Gate 

0 0 0 0 

TSS Descriptor CSuper386 32-bit Type) 

TSS Base 31:24 G 0 0 -' TSS Limit :> 
<C 

TSS Base 15:0 

TSS Descriptor C286 16-bit Type) 

0 0 0 0 0 0 0 0 0 0 0 

TSS Base 15:0 

Key: RVL Rvailable to Software 
B TSS Busy 

0 0 

DPL Descriptor Privilege Level 
G Granularity 
P Segment Present 

19:16 

0 0 0 

p 

p 

p 

DPL 0 0 

Offset 15:0 of the 
Entry Point 

1 1 1 0 0 0 ~ 
Offset 15:0 of the Entry Point 

DPL 0 1 0 B 1 TSS Base 23:16 

TSS Limit 15: 0 

DPL 0 0 0 B 1 TSS Base 23:16 

TSS Limit 15: 0 
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B-10 

Figure B-5. Super386 Task State Segment (TSS) Structure 

. 8 7 8 

31 16 15 8Ffh 
1---------------------+------~~TSS Base Address+ 

1/0 Permission Bitmap CIOPBJ (Optional) 
BkB Maximum 

TSS Limit 

--------------------t------... ~TSS Base Address+ 
Available to Software (Optional) IOPB Base Offset 

+64h 

-------------------------- +68h 
------------------------- +SCh 
-------------------------- +58h ,__ __________________ +54h 

--------------------------- +58h 
"-------------------------1 +4Ch 

EO~l-----------....------------t + 48~ 

1--------------------------------+-------1 +44h 
t----------------------E_S~I-----------1----------1+48h 

EBP 
1-------------E-S-P------+-------1 +3Ch 
1------------------------------+------------1 +38h 
1---------------------~E-B_X _____ -+-----~-----1 +34h 
t------------------------E~D-X _____ -+------------1 +38h 
1--------------------E_c_x ________ _,. ________ ..._..+2ch 
------------------------E-A_X _____ --t,......~--------11 +28h 
----------------------E-F_L_AG_S ______ i----------~ +24h 
_________ I_n_st_r_u_c_ti_·o_n_Po_1_·n_t_e_r_C_E_I_P_l--t-----------1 +2Bh 

CR3 +lCh 
_______ c_P.,..L_2_c_s_s2_1 _____ + lBh 

------------------------11 +14h 
--------------.------------11 +18h 
.------------C-P-LB--C-SS-8-l------t +&Ch 
--------------.-----------11 +88h 
------------------------11 +84h ..__ea_c_k-_11_nk_sa_1a_c_to_r_to_Pr_av_1_ou_s_T_s_s_ +B ~ TSS Base 

lley: 

r!/E:il Reserved 
T Trap bit which, when set, causes 

a debug exception to occur on a 
task switch. 
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Figure B-6. 80286 Task State Segment (TSS) Structure 

15 

LDT 
DS 
SS 
cs 
ES 
DI 
SI 
BP 
SP 
BX 
DX 
ex 
AX 

Flags 
Instruction Pointer CI Pl 

SS for CPL2 CSS2l 
SP for CPL2 CSP2l 
SS for CPU CSSll 
SP for CPU CSPll 
SS for CPL0 CSS0l 
SP for CPL0 CSP0J 

Back-Link Selector to TSS 

"' 
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0 

"' 

Byte Offset 
+2Ah 
+28h 
+26h 
+24h 
+22h 
+20h 
•Uh 
+lCh 
+!Ah 
+18h 
+16h 
+14h 
+12h 
+10h 
+0Eh 
+0Ch 
•0Ah 
+08h 
+06h 
+04h 
+02h 
+0 ..._ TSS Base 

Address 
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Instruction Reference 

Instruction 

AAA 

AAD 

AAM 

AAS 

ADC 

ADD 

AND 

ARPL 

BOUND I 

BSF 

BSR 

BT 

BTC 

BTR 

BTS 

CALL1 

CBW 

CDQ 

CLC 

CLD 

CLI 

CLTS 

CMC 

CMP 

Table B-2 is a summary of the Super386 instruction set. It presents the instruction 
set in quick reference format to show the modified flags, modified locations, and 
types of exceptions each instruction may encounter. Opcodes that have multiple 
encodings share common entries in the table. ADD, for example, shows both a 
register and a memory location being updated. Any single ADD operation can only 
modify one of these operands. 

Descriptions of the Table B-2 entries and definitions of the Flags, Registers, 
Memory, Exceptions, and Other column headings are provided in Tables B-3 
through B-7. 

Table B-2. Super386 Instruction Summary 

Flags (See Table 8-3) Regs Memory Other 
(See (See Exceptions (See 

v R N 10 0 D I T s z A p c Table 8-4) Table 8-5) (See Table 8-6) Table 8-7) 

u u u M u M AX 

u M M u M u AX I 

u M M u M u AX DO I 

u u u M u M AX 

M M M M M M GPR MODr/m MEM I 

M M M M M M GPR MODr/m MEM I 

M M M u M M GPR MODr/m MEM I 

M GPR MODr/m R6,MEM 

15,M6,MEM B,T 

u u M u u u GPR MEM 

u u M u u u GPR MEM 

u u u u u M GPR MODr/m MEM I 

u u u u u M GPR MODr/m MEM I 

u u u u u M GPR MODr/m MEM I 

u u u u u M GPR MODr/m MEM I 

ESP STACK Tl3, TlO, MEM T 

AX 

EDX,EAX 

M 

M 

M P13 

C13 

M 

M M M M M M GPR MODr/m MEM I 

The flags are modified during these instruction only if a task switch occurs. If a task switch does not occur, the flags are affected 
only as noted. 
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Table B-2. Super386 lnstruction Summary (continued) 

Flags (See Table B-3) Regs Memory Other 
(See (See Exceptions (See 

Instruction v R N 10 0 D I T s z A p c Table B-4) Table 8-5) (See Table 8-6) Table 8-7) 

CMPS M M M M M M ESI,EDI MEM B 

CWD DX,AX 

CWDE BAX 

DAA u M M M M M AL 

DAS u M M M M M AL 

DEC M M M M M GPR MODr/m MEM 

DIV u u u u u u EDX,EAX DO,MEM 

ENTER ESP,EBP STACK MEM B 

HLT Cl3 

IDIV u u u u u u EDX,EAX DO,MEM 

IMUL M u u u u M GPR MEM I 

IN BAX TSS I 

INC M M M M M GPR MODr/m MEM 

INS EDI STRING TSS,MEM 

INT1 M M Tl3, TlO, MEM I, T 

INT01 M M Tl3, TIO, MEM T 

IRET2 M M M M M M M M M M M M M Tl3, TlO, MEM B,T 

1cond 113 T 

1CXZ 113 T 

1MP1 Tl3, TlO,MEM, T 
113 

LAHF AH 

LAR M GPR R6,MEM 

LOS DS,GPR 013, M6, Nll, B 
MEM 

LEA GPR M6 

LES ES,GPR 013, M6, Nll, B 
MEM 

LEAVE ESP,EPB MEM 

LFS FS,GPR 013, M6, Nll, B 
MEM 

LOOT GDTR C6,MEM,M6 B 

LOS GS,GPR 013, M6, Nll, B 
MEM 

LIDT IDTR C6,M6,MEM B 

The flags are modified during these instruction only if a task switch occurs. If a task switch does not occur, the flags are affected 
only as noted. 

2 During an IRET, the V and R flags are not modified. The R-flag is modified during an IRETD. The V-flag is modified during an IRETD 
when in protected mode and the CPL equals zero. The I/O flags are modified during IRET or IRETD when the CPL equals zero. The I-flag 
is modified when the current I/O Privilege Level (IOPL) is of equal or lesser privilege than the CPL privilege. The remaining flags are 
always modified during an IRET or IRETD. 
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Table 8-2. Super386 Instruction Summary (continued) 

Flags (See Table B-3) Regs Memory Other 
(See (See Exceptions (See 

Instruction v R N 10 0 D I T s z A p c TsbleB-4) TableB-5) (See Table B-6) Table B-7) 

LLDT LDTR R6,C6,MEM, B 
Nll 

LMSW CRO MEM 

LOCK L6 

LODS ESl,EAX MEM 

LOOP ECX 113 T 

LSL M GPR R6,MEM 

LSS SS,GPR Sl3, M6, Nll, B 
MEM 

LTR TR R6,C6,MEM, B 
Nll 

MOV SELor MODr/m MEM I 
GPR 

MOVCR u u u u u u CRorGPR C6,G6 

MOVDR u u u u u u DRorGPR C6,06 

MOVTR u u u u u u TRorGPR C6,G6 

MOVS ESl,EDI STRING MEM B 

MOVSX OPR MEM 

MOVZX OPR MEM 

MUL M .U u u u M EDX,EAX MEM 

NEG M M M M M M GPR MODr/m MEM 

NOP 

NOT GPR MODr/m MEM 

OR M M M u M M GPR MODr/m MEM I 

OUT PORT TSS I 

OUTS ESI PORT TSS,MEM 

POP SELor MEM,Nll 
GPR 

POPA allGPR MEM B 

POPP3 M M M M M M M M M M M ESP 113,MEM 

PUSH ESP STACK MEM 

PU SHA ESP STACK MEM B 

PUS HF ESP STACK 113,MEM 

RCL w M GPR MODr/m MEM I 

RCR w M GPR MODr/m MEM I 

REP ECX B 

RETI ESP Tl3,MEM I, T 

The flags are modified during these instruction only if a task switch occurs. If a task switch does not occur, the flags are affected 
only as noted. 

POPF or POPFD never modify the V and R flags. They only modify the 1/0 flags if the CPL equals zero, and only modify the I-flag if the 
current IOPL is of equal or lesser privilege than the CPL privilege. The remaining flags are always modified during a POPP or POPFD. 
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Table B-2. Super386 Instruction Summary (continued) 

Flags (See Table 8-3) Regs Memory Other 
(See (See Exceptions (See 

Instruction v R N 10 0 D I T s z A p c Table 8-4) Table 8-5) (See Table 8-6) Table 8-7) 

ROL w M GPR MODr/m MEM I 

ROR w M GPR MODr/m MEM I 

SAHF M M M M M 

SAL w M M u M M GPR MODr/m MEM I 

SAR w M M u M M GPR MODr/m MEM I 

SBB M M M M M M GPR MODr/m MEM I 

SCAS M M M M M M EDI MEM 

SETcond GPR MODr/m MEM 

SGDT MODr/m M6,MEM B 

SHL w M M u M M GPR MODr/m MEM I 

SHR w M M u M M GPR MODr/m MEM I 

SHLD u M M u M M GPR MODr/m MEM I 

SHRD u M M u M M GPR MODr/m MEM I 

SIDT MODr/m M6,MEM B 

SLDT GPR MODr/m R6,MEM 

SMSW GPR MODr/m MEM 

STC M 

STD M 

STI M P13 

STOS EDI STRING MEM 

STR GPR MODr/m R6,MEM 

SUB M M M M M M GPR MODr/m MEM I 

TEST M M M u M M MEM I 

VERR M R6,MEM 

VERW M R6,MEM 

WAIT NPX 

XCHG GPR MODr/m MEM B 

XLAT AL MEM 

XOR M M M u M M GPR MODr/m MEM I 

SC ALL M GPR new,MEM 
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Table B-3 defines the codes used in the Flags column of Table B-2. 

Table B-3. Super386 fostruction Summary-Flags Description 

Flag Description Bits Flag Description Bits 

v Virtual-8086 flag 17 s Sign flag 7 

R Resume flag 16 z Zero flag 6 

N Nested task flag 14 A Auxiliary carry flag 4 

IO 1/0 privilege level 13:12 p Parity flag 2 

0 Overflow flag 11 c Carry flag 0 

D Direction flag 10 M Flag is modified 

I Interrupt flag 9 u Flag is undefined 

T Trap flag 8 w Modified if rotate/shift amount 
is 1; otherwise undefined 

Table B-4 defines the codes used in the Registers (Regs) column of Table B-2. 

Table B-4. Super386 Instruction Summary-Registers Description 

Name Description Name Description 

OPR One of eight OPRs is modified SEL orGPR Selector or OPR is modified 

SEL One of six selectors is modified CRorOPR Control registet or OPR is modified 

CR One of three control registers is modified DRorGPR Debug register or OPR is modified 

DR One of six debug registers is modified TRorOPR Test register or OPR is modified 

TR One of two test registers is modified 
~ 

Table B-5 defines the codes used in the Memory column of Table B-2. 

Tab/eB-5. Super386 Instruction Summary-Memory Description 

Type Memory Location 

MODr/m Memory or register location pointed to by the MODr/m encoding is modified 

STACK Memory location pointed to by SS:(E)SP is modified 

STRING Memory location pointed to by ES:(E)DI is modified 

PORT Output port location pointed to by DX is modified 
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Table B-6 defines the codes used in the Exceptions column of Table B-2. 

Table B-6 Super386 Instruction Summary-Exceptions Description 

Exception Description 

C6 In protected mode, the instruction causes a general protection exception (13) if the CPL does 
not equal zero. 

Cl3 In protected mode, the instruction causes a general protection exception (13) if the CPL is not 
equal to zero. The instruction causes a general protection exception (13) in virtual-8086 mode. 

DO Instruction will encounter a divide exception if the denominator is zero, or if the result is too 
large to fit into the destination operand (0). 

Dl3 In protected mode, a non-readable or data/nonconforming code segment where a requested 
privilege level (RPL) or CPL has less privilege than the DPL will signal a general protection 
exception (13). 

06 The instruction's MOD field of the MODr/m byte must indicate a register operand; otherwise, 
an undefined opcode exception (6) is signaled. 

15 Instruction causes an interrupt 5 if the register operand does not lie between the memory 
operands (5). Instruction is invalid if the MOD field of the MODr/m byte indicates a register 
operand ( 6). 

113 In virtual-8086 mode, an instruction causes a general protection exception (13) if the 1/0 
privilege level does not equal 3. 

Jl3 In protected mode, if the jump target address is beyond the code segment limit, a general 
protection exception (13) is signaled . 

. L6 The LOCK prefix can only occur with one of the following instructions; otherwise, an 
undefined opcode exception (6) is signaled. Instructions that can use the LOCK prefix are 
ADC, ADD, AND, BTC, BTR, BTS, OR, SBB, SUB, or XOR with the operands (memory, 
register), XCHG with the operands (memory, register), XCHG with the operands (register, 
memory), and DEC, INC, NEG, or NOT with the operand (memory). 

MEM Instruction using memory operands can encounter memory operand exceptions under the 
following conditions: 
a. When executing in real or virtual-8086 mode, part or all of the operand is not within the 

effective address space of OOOOh to OFFFFh. In this case, a general protection exception 
(13) is signaled. 

b. When executing in protected or virtual-8086 mode with paging enable, the translation 
mechanism can signal a page fault exception (14). 

c. In protected mode, an attempt to read or write beyond the segment limit, write a nonwritable 
data segment, read a nonreadable code sigment, or write to a code segment signals a general 
protection exception (13). 

d. When executing in protected mode, an attempt to read or write beyond the segment limit or 
write a nonwritable stack data segment signals a stack fault exception (12). 

e. When the operand lies within the LDT, IDT, or GDT, and the operand does not lie within 
the effective address space of the descriptor table's limit value, a general protection 
exception (13) is signaled. 

M6 The instruction's MOD field of the MODr/m byte must indicate a memory operand; otherwise 
an undefined opcode exception ( 6) is signaled. 

new The SCALL instruction acts as a gateway into Superstate V. Superstate V software can reflect 
exceptions back to the program containing the SCALL if it determines that the operation is 
invalid or if the requesting program is insufficiently privileged. 

NPX The instruction causes a coprocessor not available exception (7) if the TS-bit and the MP-bit in 
CRO are set. A math fault exception (16) occurs if the coprocessor's ERROR pin is asserted. 

Nl 1 In protected mode, loading a segment with the Present bit off signals a not-present exception 
( 11) unless the instruction is loading the stack segment. Loading the stack segment with a 
not-present segment signals a stack fault ( 12). 
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B-18 

Table B-6 Super386 Instruction Summary-Exceptions Description (continued) 

Exception Description 

Pl3 In protected mode, an instruction causes a general protection exception (13) if the 1/0 privilege 
level has greater privilege than the CPL privilege. The instruction ignores privilege level in real 
mode. 

R6 Instruction is invalid in real and virtual-8086 modes (6). 

S 13 In protected mode, loading a null-selector, a nondata segment, or a data segment where the DPL 
does not equal the CPL or the RPL does not equal the CPL signals a general protection 
exception ( 13). 

TSS In protected mode, an instruction causes a general protection exception ( 13) if the 1/0 privilege 
level has greater privilege than the CPL privilege or at least one. of the corresponding TSS 
1/0 bits is set. The instruction ignores privilege level and permission bits in real mode. In 
virtual-8086 mode, the instruction causes a general protection exception ( 13) if at least one of 
the corresponding TSS IfO bits is set. 

Tl3 During a task switch, loading a null-selector CS, a nonexecutable segment, a conforming CS 
where the DPL is of less privilege that the CPL, or a non-conforming CS where the DPL does 
not equal the destination CPL or RPL will signal a general protection exception (13). Having 
an instruction pointer that does not lie within the effective address space of the CS limit will 
signal an invalid TSS exception ( 10). 

T 10 In protected mode, the instruction that causes a task switch must not encounter any type of fault 
or exception when accessing the data from the TSS. If a fault or exception would occur, an 
invalid TSS exception ( 10) is signaled. 

Table B-7 defines the codes used in the Other column of Table B-2. 

Table B-7. Super386 Instruction Summary-Other Description 

Other Description 

B 

T 

Instruction encodings are available where one of the source operands is an immediate value 
contained within the instruction. 

Instruction requires multiple bus accesses to fetch memory operands. 

Instruction may alter the normal sequential execution of instructions and cause the instruction 
buffer to be flushed. 
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Address Mode Reference 

Figures B-7 through B-10 describe Super386 address modes and byte formats. 
Tables B-8, B-9, and B-10 present the opcodes for the 16-bit address MODr/m, 
32-bit address MODr/m, and 32-bit address SIB encodings, respectively. 

Figure 8-7. Registers Used in 16-Bit Effective Address Generation 

Base Index Displacement 

-{none} 

{ B-bit'} >-____ _......._,,......___ 16-bit 

1 Sign-extended to 16-bit 

Figure 8-8. Registers Used in 32-Bit Effective Address Generation 

Base Index * Scale Displacement 

EAX EAX 
EBX EBX 
ECX ECX 

{i { B-bit'} EOX EOX 
EDI EDI 32-bit 
ESI ESI 
EBP EBP 
ESP 

{none {none {non1 

1 Sign-extended to 32-bit 
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Figure 8-9. MODr/m Byte Format 

l1lslsl4l3l2l1lel 
lJJJ_LJJ_l 

MOO REG/COpcodel r/m 

Figure B-10. SIB Byte Format 

l1lslsl4l1l2l1lel 
lJJJ_LJJ_l 

Scale Index Base 
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Table B-8. Super386 16-Bit Address MODr/m Encodings 

REG (Opcode) 

000 001 010 011 100 101 110 111 

DWORD1 EAX ECX EDX EBX ESP EBP ESI EDI 
MODr/m Byte Format for WORD1 AX ex DX BX SP BP SI DI 
16-Bit Addressing Mode BVTE1 AL CL DL BL AH CH DH BH 

GRP1 2 (ADD) (OR) (ADC) (SBB) (AND) (SUB) (XOR) (CMP) 
GRP22 (ROL) (ROR) (RCL) (RCR) (SHL) (SHR) (SHL) (SAR) 
GRP32 (TEST) (TEST) (NOT) (NEG) (MUL) (JMUL) (DIV) (IDIV) 
GRP42 (INC) (DEC) () () () () () () 
GRP52 (INC) (DEC) (CALL) (CALL) (JMP) (JMP) (PUSH) () 
GRP62 (SLOT) (STR) (LLDT) (LTR) (VERR) (VERW) ( ) () 
GRP72 (SGDT) (SIDT) (LGDT) (LIDT) (SMSW) () (LMSW) () 
GRP82 () () () () (BT) (BTS) (BTR) (BTC) 

Effective Address r/m MOD Field MODr/m Byte Values 

{BX+ SI} 000 00 OOh 08h !Oh 18h 20h 28h 30h 38h 
{BX+ SI+ disp8)3 01 40h 48h 50h 58h 60h 68h 70h 78h 
{BX+ SI+ displ6}3 10 80h 88h 90h 98h A Oh A8h BOh BSh 
EAX/AX/AL 11 COh C8h DOh D8h EOh E8h FOh F8h 

{BX+ DI} 001 00 Olh 09h llh 19h 2lh 29h 3lh 39h 
{BX+ DI+ disp8)3 01 4lh 49h 5lh 59h 6lh 69h 7lh 79h 
{BX+ DI+ displ6}3 10 8lh 89h 9lh 99h Alh A9h Blh B9h 
ECX/CX/CL 11 Clh C9h Dlh D9h Eih E9h Flh F9h 

{BP+ SI} 010 00 02h OAh 12h !Ah 22h 2Ah 32h 3Ah 
{BP+ SI+ disp8]3 01 42h 4Ah 52h 5Ah 62h 6Ah 72h 7Ah 
{BP+ SI+ displ6}3 10 82h 8Ah 92h 9Ah A2h AAh B2h BAh 
EDX/DX/DL 11 C2h CAh D2h DAh E2h EAh F2h FAh 

{BP+ DI} 011 00 03h OBh 13h lBh 23h 2Bh 33h 3Bh 
{BP+ DI+ disp8]3 01 43h 4Bh 53h 5Bh 63h 6Bh 73h 7Bh 
{BP+ DI+ displ6}3 10 83h 8Bh 93h 9Bh A3h ABh B3h BBh 
EBX/BX/BL 11 C3h CBh D3h DBh E3h EBh F3h FBh 

{SJ} 100 00 04h OCh 14h lCh 24h 2Ch 34h 3Ch 
(SI+ disp8]3 01 44h 4Ch 54h 5Ch 64h 6Ch 74h 7Ch 
(SI+ displ6}3 10 84h 8Ch 94h 9Ch A4h A Ch B4h BCh 
ESP/SP/AH 11 C4h CCh D4h DCh E4h ECh F4h FCh 

{DI} 101 00 05h ODh 15h lDh 25h 2Dh 35h 3Dh 
(DI+ disp8} 3 01 45h 4Dh 55h 5Dh 65h 6Dh 75h 7Dh 
(DI+ displ6]3 10 85h 8Dh 95h 9Dh A5h ADh B5h BDh 
EBP/BP/CH ll C5h CDh D5h DCh E5h EDh F5h FDh 

{BP] 110 00 06h OEh 16h lEh 26h 2Eh 36h 3Eh 
{BP+ disp8} 3 01 46h 4Eh 56h 5Eh 66h 6Eh 76h 7Eh 
{BP+ displ6}3 10 86h 8Eh 96h 9Eh A6h AEh B6h BEh 
ESI/SI/DH 11 C6h CEh D6h DEh E6h EEh F6h FEh 

{BX} 111 00 07h OFh 17h lFh 27h 2Fh 37h 3Fh 
{BX+ disp8) 3 01 47h 4Fh 57h 5Fh 67h 6Fh 77h 7Fh 
{BX+ disp16]3 IO 87h 8Fh 97h 9Fh A7h AFh B7h BFh 
EDl/Dl/BH 11 C7h CFh D7h DFh E7h EFh F7h FFh 

When the Super386 opcode indicates a Gb, Gv, or Gw as one of its operands, the register is specified by the REG field of the MODr/m byte 
and the operand size, e.g. if the operand size is 16-bit, the Word registers are used. 

When the Super386 opcode indicates a group instruction, the instruction within the group is specified by the REG (opcode) field of the 
MODr/m byte, e.g., for Super386 opcode F7h having a MODr/m byte with the REG (opcode) field equal to 100 indicates a MUL. 

disp8/16 indicates that an 8/16-bit, sign-extended displacement follows the MODr/m byte and must be added lo the Base and/or Index Value. 
For effective addresses using the EBP, the default selector is the SS. All other effective addresses use the DS as the default selector. 
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Table 8-9. Super386 32-Bit Address MODrjm Encodings 

REG (Opcode) 

000 001 010 011 100 101 110 111 

DWORD1 EAX ECX EDX EBX ESP EBP ESI EDI 
MODr/m Byte Format for WORD1 AX ex DX BX SP BP SI DI 
32-Bit Addressing Mode BYTE1 AL CL DL BL AH CH DH BH 

GRP1 2 (ADD) (OR) (ADC) (SBB) (AND) (SUB) (XOR) (CMP) 
GRP22 (ROL) (ROR) (RCL) (RCR) (SHL) (SHR) (SHL) (SAR) 
GRP32 (TEST) (TEST) (NOT) (NEG) (MUL) (IMUL) (DIV) (IDIV) 
GRP42 (INC) (DEC) () () () () () () 
GRP52 (INC) (DEC) (CALL) (CALL) (JMP) (JMP) (PUSH) () 
GRP62 (SLDT) (STR) (LLDT) (LTR) (VERR) (VERW) () () 
GRP"12 (SGDT) (SIDT) (LGDT) (LIDT) (SMSW) () (LMSW) () 
GRP82 () () () () (BT) (BTS) (BTR) (BTC) 

Effective Address r/m MOD Field MODr/m Byte Values 

{BAX} 000 00 OOh 08h lOh 18h 20h 28h 30h 38h 
{BAX+ disp8}3 01 40h 48h 50h 58h 60h 68h 70h 78h 
{BAX+ disp32}3 10 80h 88h 90h 98h A Oh A Sh BOh B8h 
BAX/AX/AL 11 COh C8h DOh D8h EOh E8h FOh F8h 

{ECX} 001 00 Olh 09h llh 19h 2lh 29h 3lh 39h 
{ECX + disp8)3 01 41h 49h 51h 59h 61h 69h 7lh 79h 
{ECX + disp32}3 10 81h 89h 9lh 99h Alh A9h Blh B9h 
ECXJCX/CL 11 Clh C9h Dlh D9h Elh E9h Pih F9h 

{EDX} 010 00 02h OAh 12h lAh 22h 2Ah 32h 3Ah 
{EDX + disp8)3 01 42h 4Ah 52h 5Ah 62h 6Ah 72h 7Ah 
{EDX + disp32}3 10 82h 8Ah 92h 9Ah A2h AAh B2h BAh 
EDX/DX/DL 11 C2h CAh D2h DAh E2h EAh F2h FAh 

{EBX} 011 00 03h OBh l3h !Bh 23h 2Bh 33h 3Bh 
{EBX + disp8)3 01 43h 4Bh 53h 5Bh 63h 6Bh 73h 7Bh 
{EBX + disp32}3 10 83h 8Bh 93h 9Bh A3h ABh B3h BBh 
EBX/BX/BL 11 C3h CBh D3h DBh E3h EBh F3h FBh 

{- + -)3 100 00 04h OCh 14h lCh 24h 2Ch 34h 3Ch 
{- + - +disp8} 3 01 44h 4Ch 54h 5Ch 64h 6Ch 74h 7Ch 
{- + - +disp32} 3 10 84h 8Ch 94h 9Ch A4h A Ch B4h BCh 
ESP/SP/AH 11 C4h CCh D4h DCh E4h ECh F4h FCh 

{disp32} 101 00 05h ODh 15h lDh 25h 2Dh 35h 3Dh 
{EBP + disp8)3 01 45h 4Dh 55h 5Dh 65h 6Dh 75h 7Dh 
{EBP + disp32}3 10 85h 8Dh 95h 9Dh A5h ADh B5h BDh 
ESP/BP/CH 11 C5h CDh D5h DCh E5h EDh F5h FDh 

{ESI} 110 00 06h OEh 16h lEh 26h 2Eh 36h 3Eh 
{ESI + disp8}3 01 46h 4Eh 56h 5Eh 66h 6Eh 76h 7Eh 
{ESI + disp32}3 10 86h 8Eh 96h 9Eh A6h AEh B6h BEh 
ES I/SI/DH 11 C6h CEh D6h DEh E6h EEh F6h FEh 

{EDI} 111 00 07h OFh 17h lFh 27h 2Fh 37h 3Fh 
{EDI + disp8}3 01 47h 4Fh 57h 5Fh 67h 6Fh 77h 7Fh 
{EDI+ disp32)3 10 87h 8Fh 97h 9Fh A7h AFh B7h BFh 
EDI/DI/BH 11 C7h CFh D7h DFh E7h EFh F7h FFh 

When the Super386 opcode indicates a Gb, Gv, or Gw as one of its operands, the register is specified by the REG field of the MODr/m byte 
and the operand size, e.g. if the operand size is 16-bit, the Word registers are used. 

2 When the Super386 opcode indicates a group instruction, the instruction within the group is specified by the REG (opcode) field of the 
MODr/m byte, e.g., for Super386 opcode F7h having a MODr/m byte with the REG (opcode) field equal to 100 indicates a MUL. 

dispS/32 indicates that an 8/32-bit, sign-extended displacement follows the MODr/m byte and must be added to the Base and/or Index 
Value. For effective addresses using the EBP, the default selector is the SS. All other effective addresses use the OS as the default selector. 
{ - + -} indicates that a SIB byte follows the MODr/m byte. 

B-22 PRELIMINARY Chips and Technologies, Inc. 



Super386 Programmer's Reference Super386 Quick Reference • 

Table B-10. Super386 32-Bit Address SIB Encodings 

BASE 

SIB Byte Format for EAX ECX EDX EBX ESP r11 ESI EDI 
32-Bit Addressing Mode 000 001 010 011 100 101 110 111 

Scaled Index Index SCL SIB Values 

{BAX} 000 00 OOh Olh 02h 03h 04h 05h 06h 07h 
{EAX*21 01 40h 4lh 42h 43h 44h 45h 46h 47h 
{EAX*41 10 80h Slh 82h 83h 84h 85h 86h 87h 
{EAX*SI ll COh Clh C2h C3h C4h C5h C6h C7h 

{ECX} 001 00 08h 09h OAh OBh OCh ODh OEh OFh 
{ECX*21 01 48h 49h 4Ah 4Bh 4Ch 4Dh 4Eh 4Fh 
{ECX*41 10 88h 89h 8Ah 8Bh 8Ch 8Dh 8Eh 8Fh 
{ECX*SI ll C8h C9h CAh CBh CCh CDh CEh CFh 

{BOX} 010 00 lOh llh l2h 13h l4h l5h l6h 17h 
{EDX*2} 01 50h 5lh 52h 53h 54h 55h 56h 57h 
{EDX*41 lO 90h 9lh 92h 93h 94h 95h 96h 97h 
{EDX*SI ll DOh Dlh D2h D3h D4h D5h D6h D7h 

{EBX} 011 00 !Sh l9h lAh !Bh lCh !Dh lEh !Fh 
{EBX*2} 01 58h 59h 5Ah 5Bh 5Ch 5Dh 5Eh 5Fh 
{EBX*41 10 98h 99h 9Ah 9Bh 9Ch 9Dh 9Eh 9Fh 
{EBX*SI ll D8h D9h DAh DBh DCh DDh DEh DFh 

1-12 100 00 20h 2lh 22h 23h 24h 25h 26h 27h 
1-12 01 60h 6lh 62h 63h 64h 65h 66h 67h 
1-12 lO A Oh Alh A2h A3h A4h A5h A6h A7h 
1-12 ll EOh Elh E2h E3h E4h E5h E6h E7h 

{EBPJ 101 00 28h 29h 2Ah 2Bh 2Ch 2Dh 2Eh 2Fh 
{EBP*21 01 68h 69h 6Ah 6Bh 6Ch 6Dh 6Eh 6Fh 
{EBP*41 lO A Sh A9h AAh ABh A Ch ADh AEh AFh 
{EBP*SI 11 E8h E9h EAh EBh ECh EDh EEh EFh 

{ESII 110 00 30h 3lh 32h 33h 34h 35h 36h 37h 
IESI*21 01 70h 7lh 72h 73h 74h 75h 76h 77h 
{ESI*4} lO BOh Blh B2h B3h B4h B5h B6h B7h 
{ESI*S} ll FOh Flh F2h F3h F4h F5h F6h F7h 

{EDI} 111 00 38h 39h 3Ah 3Bh 3Ch 3Dh 3Eh 3Fh 
IEDI*21 01 78h 79h 7Ah 7Bh 7Ch 7Dh 7Eh 7Fh 
IEDI*4) 10 B8h B9h BAh BBh BCh BDh BEh BFh 
{EDI*SI ll F8h F9h FAh FBh FCh FDh FEh FFh 

If the MOD field of the MODr/m byte equals 00, the BASE is a disp32; otherwise, the BASE is EBP. 
I - I indicates that the BASE is scaled by the SS amount. Titls generates the following effective addresses: 
{BASE*SCL} (MOD= 00) . 
{BASE*SCL} + disp8 (MOD= 01) 
{BASE*SCL} + disp32 (MOD= 10) 
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Table B-11. Super386 Opcode Mapl 

0 2 3 4 5 6 7 

ADD ADD, ADD ADD ADD ADD PUSH POP 
0 Eb, Ob Ev,Ov Ob, Ev Ov,Ev AL, lb eAX,lv ES ES 

ADC ADC ADC ADC ADC ADC PUSH POP 
Eb, Ob Ev,Ov Ob, Eb Ov,Ev AL,Ib eAX,lv SS SS 

AND AND AND AND AND AND SEO DAA 
2 Eb, Ob Ev,Ov Ob, Eb Gv,Ev AL,Ib eAX,lv =ES 

XOR XOR XOR XOR XOR XOR SEO AAA 
3 Eb, Ob Ev,Ov Ob, Eb Ov,Ev AL, lb eAX,Iv •SS 

INC INC INC INC INC INC INC INC 
4 aAX eCX eDX eBX eSP eBP eSI eDI 

PUSH PUSH PUSH PUSH PUSH PUSH PUSH PUSH 
5 eAX eCX eDX eBX eSP eBP eSI eDI 

PU SHA POPA BOUND ARPL .SEO SEO OP ADR 
Ov,Ev2 Ew,Ow =FS =OS SIZE SIZE 

JO JNO m JNB JZ JNZ IBE JNBE 
7 Jb Jb Jb Jb Jb Jb Jb Jb 

ORPl ORPl ORPl ORPl TEST TEST XCHG XCHO 
8 Eb,Ib Ev, Iv Eb,Ib Ev,Ib Eb, Ob Ev,Ov Eb, Ob Ev,Ov 

NOP XCHO XCHO XCHO XCHO XCHO XCHO XCHO 
9 eCX eDX eBX eSP eBP eSI eDI 

MOV MOV MOV MOV MOVSB MOVSW[D CMPSB CMPDW/D 
A AL, Ob eAX,Ov Ob, AL Ov,eAX Xb,Yb Xv, Yv Xb,Yb Xv, Yv 

MOV MOV MOV MOV MOV MOV MOV MOV 
B AL,Ib CL, lb DL,lb BL,Ib AH,Ib CH,Ib DH,Ib BH,Ib 

ORP2 ORP2 RET RET LES LOS MOV MOV 
c Eb,Ib Ev,Ib Iw Ov,Mp Ov,Mp Eb,Ib Ev, Iv 

(shift) (shift) near near 

ORP2 ORP2 ORP2 GRP2 AAM AAD XLAT 
D Eb,l Ev,l Eb, CL Ev, CL 

(shift) (shift) (shift) (shift) 

LOOPNE LOO PE LOOP JCXZ IN IN OUT OUT 
E Jb Jb Jb Jb AL,Ib eAX,Ib Ib,AL Ib,eAX 

LOCK REP NE REP HLT CMC ORP3 ORPJ 
F REPE Eb Ev 

See legend following Table B-13. 
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Table B-11. Super386 Opcode Map (continued) 

8 9 A B c D E F 

OR OR OR OR OR OR PUSH 2nd 
Eb,Gb Ev,Gv Gb,Eb Gv,Ev AL, lb eAX, Iv cs SET 0 

SBB SBB SBB SBB SBB SBB PUSH POP 
Eb,Gb Ev,Gv Gb,Eb Gv,Ev AL, lb eAX, Iv DS DS 

SUB SUB SUB SUB SUB SUB SEG DAS 
Eb,Gb Ev,Gv Gb,Eb Gv,Ev AL, lb eAX,lv =CS 2 

CMP CMP CMP CMP CMP CMP SEG AAS 
Eb,Gb Ev,Gv Gb,Eb Ev,Gv AL, lb eAX,Iv =DS 3 

DEC DEC DEC DEC DEC DEC DEC DEC 
eAX eCX eDX eBX eSP eBP eSI eDI 4 

POP POP POP POP POP POP POP POP 
eAX eCX eDX eBX eSP eBP eSI eDI 5 

PUSH IMUL PUSH IMUL INSB INSW/D OUTSB OUTSW/D 
Iv Gv, Ev, Iv lb Gv,Ev, lb Yb, DX Yv,DX DX,Xb DX, Xv 6 

JS JNS JP JNP JL JNL JLE JNLE 
Jb Jb Jb Jb Jb Jb Jb Jb 7 

MOV MOV MOV MOV MOV LEA MOV POP 
Eb,Gb Ev,Gv Gb,Eb Gv,Ev Ew,Sw Gv,M Sw,Ew Ev 8 

CBW CWD CALL WAIT PUSHF POPP SAHF LAHF 
Ap 9 

TEST TEST STOSB STOSW/D LODSB LODSW/D SCASB SCASW/D 
AL, lb eAX, Iv Yb, AL Yv,eAX AL,Xb eAX,Xv AL,Xb eAX,Xv A 

MOV MOV MOV MOV MOV MOV MOV MOV 
eAX,lv eCX, Iv eDX,Iv eBX,Iv eSP, Iv eBP, Iv eSI, Iv eDI, Iv c 

ENTER LEAVE RET RET INT INT INTO IRET 
Dw,Ib Iw 3 lb c 

far far 

ESC ESC ESC ESC ESC ESC ESC ESC 
D 

CALL JMP JMP JMP IN IN OUT OUT 
Jv Jv Ap Jb AL,DX eAX,DX DX,AL DX,eAX E 

CLC STC CLI STI CLD STD GRP4 GRP5 
F 
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Table B-12. Super386 Opcode Map With OFh Prefixl 

0 2 3 4 5 6 7 

ORP6 GRP7 LAR LSL CLTS 
0 Ov,Ew Ov,Ew 

Active only in Superstate V mode. 

MOV MOV MOV MOV MOV MOV 
2 Rd, Cd Rd,Dd Cd,Rd Dd,Rd Rd,Td Td,Rd 

3 

4 

5 

6 

7 

JO JNO JB JNB JZ JNZ JBE JNBE 
8 Jv Jv Jv JV Jv Jv Jv Jv 

SETO SETNO SETB SETNB SETZ SETNZ SETBE SETNBE 
9 Eb Eb Eb Eb Eb Eb Eb Eb 

PUSH POP BT SHLD SHLDW/D 
A PS PS Ev,Ov Ev,Ov,Ib Ev,Ov,CL 

LSS BTR LFS LOS MOVZX MOVZX 
B Mp Ev,Ov Mp Mp Ov,Eb Gv,Ew 

c 

D 

E 

F Active only in Superstate V mode. 

See legend following Table B-13. 
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Table B-12. Super386 Opcode Map With OFh Prefix (continued) 

8 9 A B c D E F 

0 

SC ALL 
Gd, Ed 

2 

3 

4 

5 

6 

7 

JS JNS JP JNP JL JNL JLE JNLE 
Jv Jv Jv Jv Jv Jv Jv Jv 8 

SETS SETNS SETP SETNP SETL SETNL SETLE SETNLE 
Eb Eb Eb Eb Eb Eb Eb Eb 9 

PUSH POP BTS SHRD SHRD IMUL 
GS GS Ev,Gv Ev,Gv,lb Ev,Gv,CL Gv,Ev A 

GRPS BTC BSF BSR MOVESX MOVSX 
Ev,Gv Gv,Ev Gv,Ev Gv,Eb Gv,Ew B 

c 

D 

E 

Active only in Superstate V mode. F 
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Table 8-13. Super386 Opcode Map for Group Instructions 

GROUP 
REG (Opcode) Field of the MODr/m Byte 

(Opcode) 0 1 2 3 4 5 6 7 

GRP1 1 ADD OR ADC SBB AND SUB XOR CMP 

GRP22 ROL ROR RCL RCR SHL SHR SHL SAR 

GRP3 TEST TEST NOT NEG MUL IMUL DIV IDIV 
(F6/F7) Eb/Ev, Ib/Iv Eb/Ev, Ib/Iv Eb/Ev Eb/Ev AH:AL/eDX: AH:ALfeDX: AH:AL/eDX: AH:AL/eDX: 

eAX,EbfEv eAX,Eb/Ev eAX,Eb/Ev eAX,EbfEv 

GRP4 INC DEC 
(FE) Eb Eb 

GRPS INC DEC CALL CALL JMP JMP PUSH 
(FF) Ev Ev Mp Ev Mp Ev Ev 

GRP6 SLDT STR LLDT LTR VERR VERW 
(OF 00) Ew Ew Ew Ew Ew Ew 

GRP7 SGDT SIDT LGDT LIDT SMSW LMSW 
(OF 01) Ms Ms Ms Ms Ew Ew 

GRPB BT BTS BTR BTC 
(OF BA) Ev,Ib Ev,Ib Ev,Ib Ev,Ib 

Group 1 opcodes are 80h, 8 lh, 82h, or 83h. 
2 Group 2 opcodes are COh, Clh, DOh, Dlh, D2h, or D3h. 
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The following legend applies to Opcode Tables B-11, B-12, and B-13: 

Symbol 

Ap 

Cd 
Dd 
Dw 
Eb 
Ev 

Ev2 

Ew 
Gb 
Gv 

Gw 
lb 
Iv 
lw 
Jb 
Jv 

M 
Mp 

Ms 

Ob 

Ov 

Rd 
Sw 
Td 
Yb 
Yv 
Xb 
Xv 

Chips and Technologies, Inc. 

Description 

Two operands encoded in instruction. The first one is either 16 or 32 bits, 
depending on operand size, and the second one is· 16 bits. 
32-bit control register. 
32-bit debug register. 
Word sized displacement used by ENTER instruction. 
Byte operand pointed to by the MOD and r/m fields of the MODr/m byte. 
Word or dword operand pointed to by the MOD and r/m fields of the 
MODr/m byte. 
Pair of word or dword operands pointed to by the MOD and r/m fields of 
the MODr/m byte. 
Word operand pointed to by the MOD and r/m fields of the MODr/m byte. 
Byte register pointed to by MODr/m REG field. 
Word or dword register pointed to by MODr/m REG field. 

Word register pointed to by MODr/m REG field. 
Byte immediate encoded in instruction. 
Word or dword operand encoded in instruction. 
Word immediate encoded in instruction 
Byte displacement encoded in instruction relative to instruction address. 
Word or dword displacement encoded in instruction relative to instruction 
address. 
Memory address. 
Two operands: the first one is either 16 or 32 bits, depending on operand 
size, and the second one is 16 bits, pointed to by MODr/m, MOD, and 
r/m fields. 
Two operands: the first one is 32 bits, and the second one is 16 bits pointed 
to by the MODr/m, MOD, and r/m fields. · 
Byte operand pointed to by displacement encoded in instruction relative 
to segment base. 
Word or dword operand pointed to by displacement encoded in instruction 
relative to segment base. 
32-bit register pointed to by the MODr/m REG field. 
Segment selector. 
32-bit test register. 
Byte operand pointed to by ES:EDI. 
Word or dword operand pointed to by ES:EDI. 
Byte operand pointed to by DS:ESL 
Word or dword operand pointed to by ES:ESI. 
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APPENDIX C 

Special Programming 
Considerations 

The processor has on-chip registers that enhance performance when you are using 
frequently referenced data structures in memory. Figure C-1 shows these structures. 
The 38605DX/DXE processors contain a 512-byte (128-dword) instruction cache 
that contains previously fetched instructions. The instruction pipeline may have up 
to four instructions in various stages of processing. When any of the six segment 
selector registers (CS, DS, SS, ES, FS, and GS) are loaded, their associated shadow 
register is also loaded automatically by the processor with the descriptor for that 
segment. The TLB contains up to 32 previously determined linear-to-physical page 
translations. 

These features eliminate the need to refetch instructions, redetermine segment 
information, and retranslate upon subsequent demand. However, because these 
on-chip registers hold copies of information stored in memory, several things 
must be considered before manipulating the memory structures from which the 
information was copied. 
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Figure C-t. On-Chip Data Structure Storage 
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The Translation Lookaside Buffer 

The TLB is implemented as a four-way set-associative address cache with eight 
sets, for a total of 32 entries. Upon each generation of a linear address, the TLB is 
examined to determine if it contains a linear-to-physical address translation entry. 
Linear address bits 14 to 12 are used to select the TLB set, and the match circuitry 
determines the appropriate physical-address associate. The TLB updating method 
ensures that no more than one associate matches a presented linear address. If no 
associates match, a request is made to the translator to create and place a new entry 
intheTLB. 

Table Filling Mechanism 
Because linear address bits 14 to 12 are used to determine the TLB set, and 
because each set contains four associates, at most four translations can be 
contained for linear addresses that have identical values for bits 14 to 12. When 
a fifth translation is required, one of the previous translations must be removed. 
The hardware determines which translation to remove by using a pseudo-random 
replacement algorithm. A 2-bit counter is incremented at the end of every memory 
reference that uses the TLB, and the associate to be replaced is the current value of 
this counter. The counter is cleared to zero by a hardware reset. 

The instruction fetching mechanism can contain at most one translation for the 
current 4kB page. The execution of the translation occurs independently of the 
TLB. This translation will satisfy all instruction fetch requests until execution 
enters another page, or a long displacement potentially causes execution to enter 
another page. The instruction fetch translation is calculated by the translator and 
simultaneously written into the TLB. The pseudo-random replacement algorithm 
may later displace the translation from the TLB without displacing it from the 
instruction fetching mechanism. At any time, this can allow for as many as five 
translations to be valid for linear addresses with similar values for bits 14 to 12. 

The translator may run even when a translation exists in the TLB. For example, 
when a memory write is performed, the TLB entry for that area of memory may 
indicate that the dirty bit in the corresponding page tables in memory is not set; 
therefore, the translator must be invoked to update this bit in the TLB. The 
translator can be invoked at other times to revalidate existing translations, or to 
create translations that the processor predicts will be needed at a future point in 
time. The translator can also be invoked in some cases when the translation tables 
are modified. 
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C-4 

Because of the manner in which the TLB works, modification of the page translation 
tables may not necessarily have an imniediate effect on the translation process. 
Also, because of the unpredictability of the pseudo-random replacement algorithm, 
modification of the translation tables does not always have a predictable delay 
effect. . For example, an attempt to relocate a linear-addressed page by writing the 
corresponding page table to indicate a different physical address will not have an 
effect until all translations corresponding to the linear-addressed page are removed 
from the TLB. 

A TLB entry is only written when address translation is enabled and a valid 
translation is produced from the translation tables. When address translation is 
disabled, the TLB may or may not retain its previous information. If address 
translation is again enabled, the previous information may still be valid. The TLB 
copy of a translation may be retained indefinitely, even though the translation tables 
have been altered. 

Modification of Translation Tables 
Linear-to-physical address translation requires two levels of translation-page 
tables and page directories. Each of the two levels contains a present bit indicating 
whether the next level is present. For page tables, the present bit indicates whether 
the page is present in memory. For page directories, the present bit indicates 
whether the page table (and its associated pages) is present in memory. A page 
is considered not present if either its page directory or page table indicates that it 
is not-present. If the page directory indicates that the page is not present, then its 
associated page table is also considered not present. Creating a page in such a case 
requires the creation of a page table and the placement of an entry in the page table 
indicating that the page is present. 

By modifying the translation tables in memory, linear-addressed pages can be made 
present or not present, increased or decreased in protection, or relocated. The time at 
which the processor begins recognizing these changes depends on the presence of a 
translation in the TLB, the translation algorithm, and the means by which trans­
lations are removed from the TLB. 

If a page is made present, the effect will be seen immediately. This is ensured 
because no entry can as yet exist in the TLB for a nonexistent or not present page. If 
a decrease in protection is made, that effect will also be seen on the next instruction. 

This is also true for normal instruction fetching. When an exception would be 
reported for a prefetched instruction, the processor is allowed to complete all 
partially executed instructions before the translation is reattempted. This ensures 
that all instructions that may have the opportunity to update the translations do so 
before the translation exception is acknowledged. 
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If a page is relocated, the translation algorithm will not attempt to revalidate 
any corresponding translation that the TLB may contain. This will cause some 
unpredictability as to the time when the relocated translation will take effect. 
It may take effect immediately, or it may never take effect (if the TLB entry is 
never displaced). It is also possible that the translation will take effect within 
an instruction, including the instruction which altered the tables, if that instruction 
has more than one memory operand. 

If a page is made not-present or is increased in protection, the effect also will not be 
seen as long as an old value corresponding to the linear address remains in the TLB. 
As with page relocation, the effect can occur immediately. The effect, however, can 
never occur during the execution of an instruction. To ensure proper operation, any 
change that could alter a previously established valid translation in the TLB should 
ensure that such an entry is removed from the TLB before the corresponding page is 
accessed. All entries in the TLB can be invalidated by reloading the page directory 
base address in register CR3. 

The processor does not prefetch exceptions. The instruction fetch mechanism 
ensures that all page tables are updated before a translation is attempted. Instruction 
fetch may or may not query the TLB when attempting to access another page. In 
cases where it does access the TLB, an indication of an exception causes the 
translator to revalidate the translation. In cases where it does not access the TLB, 
the translator will be invoked after all previous instructions have been completed. 

Care should be exercised when updating translation tables. Because the TLB may 
request a translation at almost any time, an intermediate value contained in the tables 
may cause an otherwise invalid entry to be placed in the TLB and used as if it were 
valid. This can occur while the instructions doing the updates are still executing, or 
at any time when the tables are in an inconsistent state. 

Insertion of an invalid entry in the TLB is also a concern during enabling of paging. 
The PG bit of CRO is examined at each generation of a linear address to determine 
whether translation should take place. Setting the PG bit to 1 may cause the 
translation to begin on the fetch of the very next instruction, or it may delay the 
translation until some unpredictable number of instructions have begun execution. 

Translation will begin for the next operand fetch, which ensures that all following 
operands are accessed with translation on. But the presence of the instruction 
prefetch queue and the instruction cache allows some instructions, that were fetched 
before paging was enabled, to be available for execution. To ensure that translation 
takes effect, a jump instruction to the new linear-addressed page where execution 
continues should be executed immediately after paging is enabled in order to empty 
the prefetch queue. Because translation may become active on the fetch of the 
required jump instruction, the translation tables should be initialized to contain an 
entry for the page containing the paging enable code. This entry should indicate an 
identity mapping in which the linear and physical addresses are identical. 
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Page Aliasing 
There are no restrictions on page aliasing. Translation tables can be constructed to 
cause multiple linear addresses to map to a single physical page. When this is done, 
multiple translation paths read to a single physical page, complicating the use of the 
reference and dirty information in the tables. Because this information is somewhat 
linear-address dependent, it is necessary to examine all the translation entries for 
each linear address range to determine whether a physical page has been altered 
or referenced. It is also possible to support inconsistent levels of protection. Two 
linear address ranges can map to the same physical address. One range may provide 
a different kind of protection than another. An operating system that determines 
which pages to deallocate must be aware of all the aliases by which each physical 
page can be accessed. 

Validating Multiple Translations 
The execution of some instructions requires the validation of more than one 
translation. This occurs most often for operands that cross page boundaries. Such 
operands have an upper and a lower linear addressed page. The processor detects 
such operands and validates the translations for the two pages before generating bus 
accesses. The order in which these validations occur may not be the same as the 
order in which the portions of the operands are accessed. 

For example, the lower page may be checked for translations before the upper 
page, but the upper page may be accessed first. Accesses generated on the bus by 
the translator may be for the page that will not be accessed until some undefined 
number of umelated bus cycles have occurred. External hardware should not 
depend on translation accesses to indicate which operands will be accessed in the 
immediate future. 

Another example is the INS instruction, which reads a value from an I/O port and 
writes it to a memory location. The memory location is examined to ensure that it 
has a valid translation before the request is made to the I/0 port. This ensures that 
the value returned from the port can be placed in the destination immediately. 
Because I/O devices function differently from memory, and because it is valid for 
an 1/0 device to return different data for each read from the same port number, any 
attempt to re-execute an instruction that has already retrieved a value from the port 
may result in the loss of the value first retrieved. This is not a problem with memory 
locations because they return the same value as long as the location remains 
unmodified. 
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Exceptions 
If an exception is encountered in the translation process, either for a portion of a 
page-crossing operand or for the destination of the INS instruction, the software 
page-fault handler will be invoked. In all cases, the instruction causing the page 
fault must do so before it has modified the state of any memory, 1/0 device, or 
CPU register. This allows the instruction to be re-executed. The address reported 
in register CR2 may not correspond to the first address accessed by the instruction, 
which may encounter a page fault. In the case of the page-crossing operand where 
both portions encounter a page fault, the first address reported will be the last 
address actually accessed. 

Addresses Not Translated 
Some addresses are not subject to translation. These include addresses generated 
for 1/0 accesses and accesses to the translation tables. Translation is never active in 
real mode. Future implementations of the architecture may increase the number of 
entries in the TLB or may use a different replacement algorithm. 

Segment Descriptors 

The virtual-memory environment created by segmentation is much coarser than 
that created by paging. Software can use up to six segments at any one time, but 
may use thousands of pages. Segmentation faults are encountered only by 
instruction fetches or operand accesses that either exceed the segment limit or 
violate segmentation rules. Page faults, on the other hand, can be encountered for 
any page of any segment. Segment descriptors contain the information needed for 
translating effective addresses to linear addresses. They are loaded automatically by 
the processor whenever software loads segment selectors into the segment selector 
registers. With the segment descriptors loaded, no additional segmentation 
information is needed for processing. 

Each segment descriptor contains a base, limit, and protection information for 
the segment. A segment selector register is loaded only when a MOV segment, 
POP segment, interrupt, exception, far JMP, far CALL, or protected-mode gate 
is encountered. No replacement algorithm is used for the descriptors that are 
automatically loaded. Old entries are simply replaced by new entries. A return to 
the original segment requires a reload of the appropriate segment selector register. 
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In Real and Protected Modes 
In real mode, a segment descriptor is equal to the segment selector shifted left by 
four bits, and no tables are used to obtain the descriptor. In protected mode, a 
segment descriptor is contained in the GDT or LDT; the selector for the segment 
indicates the appropriate table and the entry within the table. The segment 
descriptors in memory contain an accessed bit (bit 8) which is set to 1 by the 
processor when the descriptor is loaded into its shadow register. To do this, the 
processor performs a locked update on the descriptor's appropriate doubleword in 
the selected descriptor table. The processor may perform this operation even if the 
accessed bit is already set. 

Because no table is used in real mode, there are no consistency considerations 
between it and the contents of the segment shadow registers. In protected mode, 
however, the segment shadow registers represent a subset of the information in the 
descriptor tables, and modification to the tables in memory requires awareness of 
consistency considerations similar to those affecting the TLB. 

Descriptor Table Modification 
A modification to the descriptor tables is not reflected in a segment shadow register 
until the selector pointing to the modified entry is reloaded by software. Attempts 
to increase the size of the data segment, for example, by increasing the descriptor 
limit in the table do not have an immediate effect. The segment shadow register 
will continue to contain the old limit value, and exceptions will be generated for 
any operand exceeding it. If the limit is increased transparently to the executing 
program, the code that increases the limit must also reload the segment selector 
register. 

The point in time when changes to descriptors are reflected in the processor is 
predictable: old segment descriptors are retained by the processor until they are 
explicitly loaded by software. The contents of the TLB, by comparison, is not so 
predictable: translations may be displaced by the LRU replacement algorithm at any 
time. The delay associated with loading a descriptor shadow register is accounted 
for in the clock counts of the instruction that caused the loading. A page translation, 
on the other hand, may be required for each memory operand of any instruction, 
accounting for the range of clock counts quoted for instructions. The execution time 
of instructions is therefore more predictable when paging is disabled. 
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Segment Aliasing 
As with page translation, it is possible to support aliases using segmentation. This 
may be useful in protected mode, for example, when an executing program needs to 
modify data in the code segment. Protected mode normally prohibits modifications 
of the code segment, but by aliasing the code and data segments, a write to the data 
segment will update the identical location in the code segment. 

It is possible to implement partially overlapping aliases as well. The stack segment, 
for example, may begin in the middle of the data segment and extend to the end of 
the data segment. This makes the stack segment a subset of the data segment, while 
still allowing the data segment direct access to the stack. If the operating system 
deallocates segments, it must be aware of all the users of each shared segment. 

The 38605DX/DXE Instruction Cache 

The 38605DX/DXE processors have a 512-byte instruction cache to increase 
processor performance. The cache contains 128 directly mapped doublewords, each 
of which has tag information allowing it to map to any address value for bits 31 to 9. 
Because the cache is directly mapped, no special replacement algorithm is used. Old 
entries are simply replaced by new entries. 

On average, about 65 percent of all instruction fetches are satisfied by the cache. 
The actual cache hit rate varies dramatically, from zero to 100 percent, depending 
on the nature of the executing code. When instruction data is available from the 
cache, the external bus is available for operand accesses. Four bytes can be read 
from the cache in a single cycle, or eight bytes in the equivalent of one bus access. 
Special hardware is also included to generate addresses for jump instructions. In 
some cases, this combination of cache and hardware address generation dramatically 
increases execution speed. Programs that are unusually sensitive to execution speed 
may execute too fast when the cache is enabled. In these cases, the cache may need 
to be disabled. 

Cache Consistency Mechanism 
A cache consistency mechanism is required to ensure that instructions contained 
in the cache, as well as those currently executing in the processor pipeline, 
accurately reflect the contents of memory. To this end, the 38605DX/DXE and 
the 38600DX/DXE processors contain identical consistency checking hardware. 
This hardware functions on the 38605DX/DXE processors whether the cache is 
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enabled or not. Because instructions may be present in the pipeline without being 
present in the cache, the 38600DX/DXE processors also implement the same 
consistency mechanism. 

The consistency mechanism functions by keeping a record of instructions contained 
in the cache or pipeline. When a store is executed to an address that matches one 
of those recorded by the mechanism, a pipeline serialization operation is generated. 
This flushes the prefetch queue, and the subsequent code fetches retrieve the 
updated information. Because of pipeline latency, it is not possible to prevent the 
instructions immediately following the store from completing. Only the second (and 
subsequent) instructions following the store instruction will be refetched. This 
reduces the unobservable nature of code-space stores to a small amount. 

Programs that attempt to determine the size of the prefetch queue by storing ahead 
in the instruction stream will indicate a small to nonexistent queue. The nondecoded 
prefetch queue is 12 bytes long. The consistency mechanism causes it to appear 
smaller, but the performance benefits of a 12-byte queue are fully realized. 

The consistency mechanism keeps track of physical addresses. This ensures that 
stores to code space by way of segment or translation synonyms function exactly 
as if no synonyms were used. External devices that store to memory located in the 
instruction cache cause the corresponding cache entry to be invalidated and the 
instruction queue to be flushed. 

Future implementations of the architecture may take greater liberties as to when 
modifications to the code segment are reflected in the code stream. A cache 
consistency mechanism will be present in all implementations, but the nature of 
future pipelines may increase the number of instructions that must execute before 
the change is observable. In general, a programmer wanting to effect a change in 
the code segment should execute a jump instruction to flush the prefetch queue. 

Enabling and Disabling the Instruction Cache 
The 38605DX/DXE processors can be operated with the instruction cache enabled 
or disabled. When the instruction cache is enabled, each code fetch is written into 
the cache and the entry is made valid. Future accesses to the same address will 
retrieve the data from the cache. When the cache is disabled, its contents may or 
may not be displaced over time. Software cannot depend on the contents of the 
cache being retained while it is disabled. Similarly, software cannot assume that 
the entire content of the cache is invalidated by the act of disabling it. To invalidate 
the entire cache, the FLUSH* pin must be asserted. Invalidating the cache from 
software is unnecessary because the consistency mechanism ensures that the cache 
always reflects an exact copy of what is in memory. 

PRELIMINARY Chips and Technologies, Inc. 



Special Programming Considerations The Instruction Fetching Mechanism • 

The Instruction Fetching Mechanism 

Instructions can be one to 15 bytes in length. The act of fetching the instruction 
does not correspond to the size of the instruction. A 1-byte INC instruction may 
not generate a 1-byte fetch. Similarly, a 15-byte instruction will not generate a 
single fetch of a 15-byte quantity. Each processor supports a maximum fetch 
size, and nearly all instruction fetches return this maximum amount of data. 
The 38600DX/DXE processors support a 4-byte fetch every two cycles. The 
38605DX/DXE processors support a 4-byte fetch every cycle from the instruction 
cache. Future implementations may support greater maxiniums. 

Because instructions are prefetched, not all that are fetched will be executed. Many 
pref etched instructions are discarded when taken jumps are encountered. Future 
implementations may support the concept of speculative execution, allowing 
instructions following jumps to be prefetched before it is known whether the jumps 
are taken or not. This will increase the number of discarded prefetches and cause 
their addresses to be randomly distributed. 

Instructions are prefetched only when no segmentation or page-translation violation 
would be encountered. If such a violation were to occur in a prefetch, the instruction 
fetching mechanism would wait until the processor had a chance to complete all 
partially executed instructions before attempting the fetch. This would allow any 
previous instruction to resolve the violation. 

Instructions may be fetched in an order that is different from the order in which they 
appear to execute. This happens most often in the 38605DX/DXE processors when 
the cache is enabled. An example is a code fetch following a loop. Prefetch may 
decide to fetch the instruction data upon first encountering the loop. This prefetch 
will return instruction data that is not required immediately because the loop was 
taken but may still be written into the instruction cache. When it is in the cache, no 
further code is fetched from the same address. The observed effect is that the code 
fetch for the instruction occurs on the first iteration of the loop instead of the last, as 
would normally be expected. 

In some cases, an instruction can be fetched many times. This may occur, for 
example, when an exception is predicted to revalidate the exception status. When 
instructions are fetched many times, any alteration of the location by another device 
may or may not cause the instruction to be interpreted as modified. 

The instruction prefetch queue can contain up to 12 bytes of instruction data. This 
could be as many as 12 instructions or less than one. The prefetch mechanism may 
generate a fetch for the bytes that would normally be placed into the queue, before 
any room is available there. This is done under the assumption that by the time the 
fetch returns data, room will have become available. If the queue is still full in such 
a case, the fetched data is discarded. The combination of the queue and the ability 
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From an assembly language programmer's viewpoint, the processor executes 
instructions sequentially. The execution of one instruction precedes the execution 
of the next. Within each instruction, operands appear to be accessed in a defined 
order. The PUSH memory instruction, for example, first fetches the operand at the 
memory location, then places it on the stack by storing it to a location indicated by 
the stack pointer. The descriptions of instructions in Appendix A, "Instruction Set 
Reference," indicate the order in which operands appear to be accessed. 

Factors Influencing the Order of Instruction Fetches 
The processor may, at times, execute instructions and access operands in an order 
other than already described. This may be done, for example, to ensure that no 
exceptions are present on particular operands or to speed the execution of an 
instruction. In other cases, an instruction that conceptually follows another 
instruction may complete execution before the first instruction finishes. In all 
cases, the appearance of the processor's operation is guaranteed to agree with the 
conceptual sequence. However, devices external to the processor may observe a 
sequence of operations different from the conceptual sequence. 

Unaligned operands require multiple bus accesses to fetch or store them. This can 
present a problem if an external device is allowed to observe an unaligned operand 
between the time when the first portion is modified and the the second portion is 
modified. Also, because instructions with multiple memory operands may store 
them in a nonconceptual order, the consistency of such operands is unreliable. 
The PUSHA instruction, for example, may not write the entries to the stack in the 
conceptual order, starting with EAX and ending with EDI. An external device may 
be in error if it assumes that new values have been written for all registers when a 
new value is observed for EDI. 
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Instruction Execution Ordering 
The processor allows the execution of instructions to continue while the bus is busy 
processing a request. A write to a slow memory device, for example, may keep 
the bus busy for an extended period of time. When this happens, the processor is 
allowed to execute instructions that follow, providing that these conditions are met: 

• The memory access is to a present page, and no page protection faults are 
detected. 

• The memory access does not violate any segmentation protection rules. 

• The memory access is the last operation performed by the instruction. 

• The following instructions do not request a pipeline serialization operation. 

• The following instructions do not depend on the data returned by the 
memory access. 

• The following instructions do not themselves require the bus. 

No limit is placed on the number of instructions that follow the instruction using 
the bus. Execution can continue for as long as the above rules are observed. 
An instruction that contains one or more memory operands, but does so only late 
in its execution, will execute up to the point where it requires the bus. The 
38600DX/DXE processors limit this overlap to the number of instructions that 
can be present in the pipeline following the instruction generating the slow memory 
access (3), plus the number of instructions present in the prefetch queue (12). The 
38605DX/DXE processors impose no absolute limit because the instruction cache 
allows for the execution of loops. Jump instructions do not require use of the bus 
when their target code is available from the instruction cache. 

Instruction-Fetch Reordering 
The 38605DX/DXE instruction cache alters the conceptual order of operand 
accessing to the extent that it reduces the number of code prefetches. It is common 
to execute code that generates no code prefetches for many thousands of cycles. 
This is not true when the cache is disabled, and does not apply to the 38600DX/DXE 
processors. 

The ability to continue execution while a preceding instruction is still performing a 
store or fetch does not alter the conceptual order of operand access, but it can have a 
dramatic effect on the time between operand accesses. It is possible for a minimum 
delay between accesses of 100 cycles to be reduced to zero cycles by the act of 
enabling the cache. This might occur, for example, if a store to a slow memory 
device is followed by a series of instructions within a loop, none of which access 
memory. While the store operation is waiting, the following instructions execute 
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until one of them requires the bus. When such an instruction is encountered, it will 
wait until the store completes, and it may appear on the bus during the cycle 
immediately following the store. 

The 38605DX/DXE processors' ability to overlap instruction execution in this 
manner differs from the similar ability of a write buffer, because the 38605DX/DXE 
can also overlap slow fetches. Instructions are allowed to continue execution 
following a slow fetch as long as the operand being fetched is not required by the 
instructions immediately following. Special register consistency hardware contained 
in the processor ensures that when an instruction requiring this operand enters the 
pipeline, it is held until the fetch is complete. 

Certain operations require the pipeline to be serialized. I/O accesses ensure that 
the actual sequence matches the conceptual sequence by forcing the pipeline to 
complete all other memory operations first, and then delaying all further operations 
until the I/O access is complete. Instructions that alter the ability to accept 
interrupts-either enabling or disabling them (STI, CLI, POPF, task switches, 
and IRET)-also perform a serialization. 

Future implementations of the architecture may hide even greater deviations from 
the conceptual sequence of operand accesses. Instructions or operands may be 
fetched in nonsequential order, or may be fetched in smaller or larger pieces than 
the conceptual picture indicates. The architecture will ensure that the conceptual 
sequence appears to be followed from the processor's viewpoint, but external 
devices may be exposed to the changes. To allow for full compatibility with future 
processors, any external device that is sensitive to the order in which operands are 
accessed must use semaphores. 

The result of some instructions depends on the order in which operands are accessed. 
This is true for the REP MOVS instruction. A source operand that overlaps the 
destination operand will alter the data being moved. It is possible for the overlap to 
occur so that the source is retrieved from the previous iteration's destination. In 
such a case, a future implementation may allow the processor to determine that the 
destination is identical for all iterations and alter the algorithm to eliminate the 
fetches normally required. The single destination value is simply stored upon each 
iteration. Again, this does not alter the conceptual sequence of operations, but to an 
external device, memory reads disappear that would otherwise be observed. 

Similarly, a future implementation may allow each repeated string iteration to 
be consolidated into fewer iterations of larger quantities of data. A REP SCASB 
instruction may be reduced to a quarter the number of iterations by interpreting it 
as a special version of the REP SCASD instruction. In such an implementation, it 
is unpredictable whether the operands are accessed as a byte, word, or doubleword 
at a time. The order in which operands are accessed may also be unpredictable. No 
matter how the actual sequence is altered, exception recognition will appear to be 
identical to the conceptual picture. 
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The processors' ability to hold one memory access pending, while the following 
instructions continue execution, may delay stores for an undefined period of time. 
Future implementations may include store buffers that can hold more than one store 
pending. There is no limit on the length of time that fetches or stores may be held 
pending. It is possible for a pending store to be passed to a following fetch without 
updating external memory by passing the value internally in the processor. 

Operands are accessed in order, according to the rules listed in Table C-1. 

Table C-1. Operand Accessing Rules 

Always In Order May or May Not Be in Order Usually Out of Order 

Stores between multiple instructions 

Fetches and stores that precede or follow 
an J/0-space access 

Fetches and stores that precede or follow 
an interrupt enabling or disabling operation 

Semaphore Locking 

Fetches between multiple fustruction fetches 
instructions 

Fetches and stores within 
instructions 

Systems with more than one bus master must allow the use of semaphores. 
Semaphores are used to communicate information between bus masters. To 
function properly, they must support a read-modify-write operation as an 
indivisible sequence. If this were not the case, another bus master could perform 
the modification portion of the operation after the first bus master read the value. 
In addition, as mentioned above, compatibility with future processors may only 
be possible if semaphores are used with external devices that are sensitive to the 
order in which operands are accessed. 

The processor supports semaphores by providing the LOCK* signal. This signal 
is asserted explicitly when the LOCK instruction prefix is executed. It is asserted 
implicitly by page-table or descriptor updates, or by the XCHG instruction. 
When asserted, external system hardware architecture prohibits bus masters other 
than the one requesting the LOCK* from accessing the bus. For the typical 
read-modify-write operation, LOCK* will be asserted when the operation begins, 
and will remain asserted until the modification completes. 
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Within certain bounds, the external system may lock specific memory regions 
corresponding to the address presented on the bus when the LOCK* is first asserted. 
An unaligned bus access may generate an additional access outside the range of the 
first access to satisfy the alignment requirements. A simple system would lock the 
entire memory region, but this may result in troublesome performance 
consequences. 

Any system that attempts to lock specific memory locations, however, must 
also lock adjacent doubleword-aligned doublewords. When the first access is 
generated, it is unpredictable whether a second access will be required. Because 
page translation can alter the appearance of "adjacent" locations, any system that 
supports demand paging must also require the locking mechanism to ignore bits 
31 to 12 of the address. 

PRELIMINARY Chips and Technologies, Inc. 



Glossary 

A 
AADS* Alternate address space signal (output). Initiates a bus cycle in the 

Superstate V mode (38605DXE only). 
Auxiliary carry flag (bit 4 of EFLAGS register) 
Arithmetic logic unit 

AF 
ALU 
ANMI* Alternate non-maskable interrupt signal; indicates a request to process 

a Superstate V interrupt (input pin, 38605DXE processor only). 

B 
BP 

c 

Base pointer (GPR) 

CF Carry flag (bit 0 of EFLAGS register) 
CPL Current privilege level, determined by the processor and stored in the 

RPL field of the CS selector register. 
CRn Control register CR3, CR2, or CRO 
CS Code segment register 

D 
D31:0 
DF 
DI 
DPL 
DS 

E 

Designates the 32 lines in the data bus. 
Direction flag (bit 10 of EFLAGS) 
Destination index (GPR) 
Descriptor privilege level, stored in a segment's descriptor 
Base-address register of an active data segment 

EAR Effective-address register 
EAX Accumulator register (GPR) 
EBP Base pointer register (GPR) 
EBX Base register (GPR) 
ECX Count register (GPR) 
EDI Destination index register (GPR) 
EDX Data register (GPR) 
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EFLAGS 
EIP 
ERROR* 

ESI 
ESP 

F 
FLAGS 
FLUSH* 

G 
GDT 
GDTR 
GPR 

I 
IDT 
IDTR 
IF 
INTR 
IOPB 
IOPL 

K 
KEN* 

L 

LDT 
LDTR 
LOCK 

M 
MSW 

N 

32-bit flag register 
Instruction-pointer register 

Super386 DX Programmer's Referenc 

Coprocessor error signal generated in previous instruction and rn 
masked. 
Source index register (GPR) 
Stack pointer register (GPR) 

Lower 16 bits ofEFLAGS register 
Cache flush signal (input pin, 38605DX/DXE processors only) 

Global descriptor table 
Global descriptor table register 
A general-purpose register. Acronyms that are marked (GPR) in this 
glossary represent general-purpose registers. 

Interrupt descriptor table 
Interrupt descriptor table register 
Interrupt (INTR) enable flag (bit 9 of EFLAGS) 
Maskable interrupt request signal (input) 
1/0 privilege bitmap, located in the TSS 
I/O privilege level (bits 12 and 13 of EFLAGS) 

Cache enable signal (input pin, 38605DX/DXE processors only) 

Local descriptor table 
Local descriptor table register 
An instruction prefix that guarantees that the processor retains 
control of the bus during the execution of the instruction. It asserts 
the LOCK* signal. 

Machine status word, the lower word of the CRO register 

NMI Nonmaskable interrupt 
NT Nested task bit (bit 14 of the EFLAGS register) 
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0 
OF 

p 

PDBR 
PF 

R 
RESET 
RF 
RPL 

s 

Overflow flag bit (bit 11 of the EFLAGS register) 

Page directory base register in the CR3 
Parity flag; bit 2 of EFLAGS register 

Microprocessor general reset 
Resume flag bit (bit 16 of the EFLAGS register) 
Requestor privilege level, stored in a segment's selector 

SF Sign flag bit (bit 7 of the EFLAGS register) 
SI Source index (GPR) 
SIB Scale, index base byte 
SP Stack pointer (GPR) 
SS Current stack segment register 

T 
Task A protected-mode environment in which programs (and their 

procedures) can run at one of four privilege levels. Each task has 
its own segment in memory, called a task state segment (TSS), 
which is accessed via a descriptor contained in the GDT. 

TF Trap enable flag (bit 8 of the EFLAGS register) 
TI Table indicator bit in selector field; 1 selects local descriptor table; 

0 selects global descriptor table. 
TLB Translation lookaside buffer 
TR Task register 
TSS Task state segment. It contains a copy of all the registers and values 

that must be saved to preserve the state of a task when switching 
between tasks. The contents of the CS and EIP registers are saved 
separately for privilege levels 0, 1, and 2. 

v 
VM 
VM86 

z 
ZF 
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Virtual-8086 mode bit (bit 17 of EFLAGS register) 
Virtual-8086 mode 

Zero flag (bit 6 of the EFLAGS register) 
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Index 

Jecial Characters 

,A-5 
A-5 

E)AX,A-2 
:E)BP, A-69 
(E)BX, A-2, A-136 
(E)CX, A-2, A-79 

AAM,A-12 
AAS,A-13 
Aborts, 2-37, 4-77 
Absolute addresses, 3-9 
Access rights, 4-17, A-66 
Accessed, 4-20, 4-33 
ADC,A-14 

(E)DI, A-2, A-32, A-37, A-52, A-89, A-118, 
ADD,A-15 
Addition, A-14 to A-15, A-40 
Address displacement, 3-2, 3-5, 3-11 
Address size, 3-3, 3-8, 4-142, A-8 
Address space, 2-1 

A-129 
[(E)DI], A-2 
(E)DX,A-2 
(E)IP, A-2, A-109 to A-110 
(E)SI, A-2, A-32, A-37, A-78, A-89, A-98 
[(E)SI], A-2 
(E)SP, A-2, A-44, A-69, A-100 to A-103 
[m],A-2 
[r/m], A-3 
/x, A-3 
38600DX, 1-1 
38600DXE, 1-1 
38605DX, 1-1to1-3 
38605DXE, 1-1 
80286, 4-140 
80386 compatibility, 1-2 
8086,4-129,4-139 
8087, 4-138 
{8}, A-3 
{16,32},A-3 

A 

A, 4-20, 4-33, 4-37 
AAA,A-10 
AAD,A-11 
AADS*, 4-105 
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Address translation, 2-5, C-3 
Addressable quantities, iv 
Address( es) 
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8086, 4-129 
Aliases, C-6 
Base, 2-3, 3-11 
Default offset, 3-3 
Effective, 2-5 to 2-6, 3-11, A-68 
Generation, 3-11, 4-129, B-19 
Index, 2-6, 3-11 
Instruction-relative, 3-10 
Linear, 2-5, C-3, C-6 
Loading, A-68 
Logical, 2-1, 2-5 
Modes, 2-6, 3-9 
Not translated, C-7 
Offset, 2-3, 2-5 
Page, 2-5 
Page base, 2-5 
Page directory, 2-5 
Page table, 2-5 
Page table base, 4-33 
Physical, 2-1, 2-5, C-10 
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Real mode, 4-129 
Register, 3-13 
Reserved, 4-72 
Scale, 3-11 
Segment selector, 2-3 
Stack, 3-9 
String, 3-10 
Superstate V mode, 4-105 
TLB entries, C-3 
Virtual, 2-1 
Virtual-8086, 4-135 

Addressing modes, 2-6, 3-9 
Addressing segmented memory, 2-6 . 
AF, 2-34, 4-10, A-1 
AH, 2-28, A-1, A-4, A-29, A-43, A-47, 

A-65, A-112 
AL, 2-28, A-1, A-4, A-10, A-13, A-29, 

A-40 to A-41, A-43, A-47, A-78, A-97, 
A-118, A-129, A-136 

Aliases, 4-36, C-6, C-9 
Aliasing, 4-36, 4-59 
Alignment, 2-11, 3-28, A-6 
AND,A-16 
ANMI*, 4-105 
Application registers, 2-27 
Arithmetic, A-68 
Arithmetic instruction, 2-32, 3-18 
ARPL, 4-131, A-17 
Array bounds, 4-91 
Array index, A-18 
ASCil,2-24 
ASCII string, A-24 
ASCII-adjust, A-10 to A-13 
Attributes, 4-17 
Auxiliary flag, 2-34, 4-10 
Available bit, 4-62, A-66 
Available to software, 4-29, 4-33, 4-61 
AVL, 4-19, 4-29, 4-33, 4-61 
AX, 2-28, A-1 to A-2, A-4, A-11 to A-12, A-29, 

A-38 to A-39, A-43, A-47 to A-48, A-78, 
A-92, A-97, A-118, A-129 
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B 

B, 4-21, 4-62, 4-143 
B3:0, 4-124 
Back-link field, 4-9, 4-58, 4-63, 4-70, 4-89 
Base, 3-11, 4-15, 4-18, 4-29, 4-33, 4-61, 4-1 

Address, 2-3, 3-13, 4-17, C-5 
Register set, 2-27 

Base and displacement, 3-13 
Base and index, 3-13 
Base, index and displacement, 3-13 
BCD,2-23 

Arithmetic, 4-10 
Arithmetic operation, 2-34 
Digits, A-10 to A-13, A-15, A-40 to A-41 
Packed, 2-23 
Unpacked, 2-23 

BD, 4-124, 4-126 
BH, 2-28, 4-106, A-1, A-4, A-117 
Big bit, 4-18, 4-143 
Binary-coded decimal (BCD) numbers, 2-23 
Bit 

Manipulation instructions, 3-20 
Offset, 2-25 
Ranges, v 
Scan, A-19 to A-20 
Strings, 2-25 
Test, A-21 
Test and complement, A-22 
Test and reset, A-23 
Test and set, A-24 
Values, v 

Bitmap, 2-25 
BL, 2-28, 4-106, A-1, A-4 
BOUND, 2-36, 4-91, 4-98, A-18 
Bound range exceeded, 4-91 
BP, 2-28, A-2, A-4 
Breakpoint(s), 4-8, 4-91, 4-119, 4-122, 4-125, 

A-55 
At breakpoint address, 4-124 
Debug, 4-124 
Fault, 4-126 
Single-step, 4-124 
Trap, 4-58, 4-124, 4-127 
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-124 
,A-19 
.,A-20 
4-58, 4-124, A-21 

.::'., A-22 
R,A-23 
'S, A-24 

IS 

Busy, C-13 
External, A-7 
Hold, 4-137 
Locking, C-15 
Masters, C-15 

Busy, 4-62, A-134 
Busy bit, 4-63, 4-70 
BX, 2-28, 4-106, A-1 to A-2, A-4 
Byte, 2-10, 2-22 

c 
c, 4-115, 4-117 
Cache, 2-38, 4-35, 4-107, 4-110, A-6 

Consistency, 4-110, C-9 
Disabling, A-117, C-10 
Enabling, 4-110, A-117, C-10 
Flush,4-110,A-117 
Hits, C-9 
Instruction, 1-3 
Invalidation, C-10 
Organization, C-9 
Query, A-117 
Special considerations, C-1 
Speedup,4-110 

CALL instruction, 2-14, 2-36, 3-9, 4-40, 4-42, 
4-127, A-25 to A-26, A-28, A-109 to A-110 

Call, 4-9, 4-38, 4-52, 4-54, 4-63 
Far, A-26 
Gates, 4-23, 4-37 to 4-38, 4-42 
Near, A-25 
Subroutine, A-25 to A-26 
Task, A-28 

Call SuperState V, A-116 
Carry flag, 2-34, 4-11 
CBW,A-29 
CD, 4-3 

CDQ,A-30 
C/ED, 4-20 to 4-21, 4-53 
CF, 2-34, 4-11, 4-109, A-1, A-31, A-35, A-115, 

A-121 to A-122, A-126 
CH, 2-28, A-1, A-4 
CL, 2-28, A-1, A-4 
CLC, 2-34, A-31 
CLD, A-32 
Clear 

Carry flag, A-31 
Direction flag, A-32 
Interrupt flag, A-33 
Task-switched flag, A-34 

Cleared, v 
CU, 4-98, A-33 
Clock, 1-2 
Clock counts, A-5 
CLTS, 4-137, A-34 
CMC, 2-34, A-35 
CMP,A-36 
CMPSB,A-37 
CMPSD,A-37 
CMPSW,A-37 
Code 

Modification, C-9 
Segment, 2-35, 4-1, 4-42 

Code segment selector register, 2-28, 4-46 
Command, 4-115, 4-117 
Compare operands, A-36 
Compare strings, A-37 
Compatibility, 1-2 
Complement, A-95 
Complement carry flag, A-35 
Complex addresses, 3-10 
Condition codes, 3-15 
Conditional jump, A-59 
Conforming code segments, 4-14, 4-21, 4-42, 

4-48, 4-52 to 4-53 
Conforming/expand down, 4-20 
Control 

Flag, 2-32 
Gates, 4-37 to 4-41, 4-43, 4-49 
Registers, 4-3, 4-5, 4-11 
Transfer instructions, 3-22 
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Control gate descriptors, 4-41 
Control gate protection, 4-49 
Conventions, iv 
Convert byte to word, A-29 
Convert doubleword to quadword, A-30 
Convert word to dword, A-38 
Convert word to dword extended, A-39 
Coprocessor, 4-12 to 4-13, 4-69, 4-133, 

4-138 to 4-139, A-34, A-45, A-134 
Error, 4-92 
Not available, 4-91 
Segment overrun, 4-91 
Support, 1-2 

Copy data, A-83 
With sign extension, A-90 
With zero extend, A-91 

Copy string data, A-89 
CPL, 2-16, 4-9, 4-16, 4-42, 4-45 to 4-46, 4-51, 

4-53, 4-65, A-52 to A-53, A-58 
CPU version, A-116 
er, A-1 
CRO, 4-3, 4-11 
CRl, 4-11 
CR2, 4-3, 4-11, 4-69 
CR3, 4-3, 4-11, 4-30, 4-58 
CS, 2-28, 2-35, 4-16, 4-59, 4-88, 4-91, A-1, 

A-4, A-86 
Current privilege level (CPL), 2-16, 4-46 
Current stack, 2-13 
CWD,A-38 
CWDE,A-39 
ex, 2-28, A-1 to A-2, A-4 

D 

D, 4-33, 4-37, 4-114, 4-117, 4-129, 4-140, 4-142 
D*, 4-114, 4-117 
D/B, 3-6, 3-8 to 3-9, 4-18, 4-21 
DAA,A-40 
DAS, A-41 
Data, 2-10 to 2-12, 2-19 

Alignment, 2-11 
Segment, 2-35, 3-3, 4-1 
Segment selector, 2-28 
Storage, 2-10 
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Structures, 4-1, 4-44, 4-55, 4-79, C-2 
Types, 2-19 

Data movement instructions, 3-16 
Debug exception, 4-91 
Debug registers, 4-3, 4-5 
Debugging, 4-8, 4-58, 4-91, 4-119 to 4-128 

Breakpoints, 4-122, 4-124 to 4-125 
Control, 4-122 
INT 01, 4-125 
INT 3, A-55 
Registers, 4-119 
ROM,A-55 
Status, 4-124 
SuperState V mode, 4-108 

DEC,A-42 
Decimal adjust, A-40 to A-41 
Decrement, A-42 
Default 

Address offset, 3-3 
Bit, 3-6, 3-8 to 3-9 
Data segment, 3-3 
Operand size, 3-3 
Size, 4-18, 4-140, 4-142, A-66 

Descriptor( s ), 4-17 
80286, 4-140, B-6 to B-9 
Access rights, A-66 
Availability, 4-19 
Base, 4-18, 4-29 
Characteristics, 4-23 
Code, 4-106 
Code segment, B-6 
Conforming, 4-19 
Control gates, 4-41 
Data segment, B-6 to B-7 
Default size, 4-18 
Executable, 4-19 
Expand down, 4-19 
Gates, 4-23, 4-37, 4-40, B-8 to B-9 
Granularity, 4-29 
In jumps, A-63 to A-64 
Interrupt gate, 4-81 
LDT, 4-23, 4-29, B-8 
LDT segment, A-75 
Limit, 4-19, 4-29 

lndex-4 PRELIMINARY Chips and Technologies, Inc. 



36 DX Programmer's Reference Manual 

Null, 4-24 
Overview, B-4, B-6 to B-9 
Present, 4-19, 4-30 
Privilege level, 4-19, 4-30, 4-42, 

4-45 to 4-46, 4-51, 4-62, 4-67 
Protection mechanism, 4-43 
Registers, 4-5, 4-22 
Segments, 4-17, 4-23 to 4-24, C-7 
Superstate V mode, 4-105, A-116 
Table modification, C-8 
Table offset, 4-16 
Tables, 2-6, 4-22 to 4-23 
Task gate, 4-67, 4-81 
Trap gate, 4-81 
TSS, 4-37, 4-55, 4-61, B-9 
Type, 4-30 
Upper bound, 4-18 
Valid, 4-19, 4-30 

Destination index, 2-28 
Destination index (EDI) register, 2-29 
DF, 2-33, 4-10, A-1, A-127 
DH, 2-28, A-1, A-4 
DI, 2-28, A-2 
Direction flag, 2-32 to 2-33, 4-10 
Directory, 2-5 
Dirty, 4-33, 4-114, 4-117, C-3 
Disable cache, A-117 
Disabling interrupts, 4-97 
Dispatching, 4-68 
Displacement, 2-6, 3-2, 3-11, 3-28, A-6 
Displacement field, 3-13 
DIV, 4-131, 4-138, A-43 
Divide, A-43, A-47 
Division by zero, 4-91 
DL, 2-28, A-1, A-4 
Documents, related, v 
Double fault, 4-91 
Double precision arithmetic, 2-29 
Doubleword, 2-10, 2-22 

DR7, 4-122 
DR7:6,4-4 
DS, 2-28, 2-35, 3-10, 4-3, 4-17, 4-59, A-1, A-4 
dst, A-1 
Dword, 2-10 
DX, 2-28, 4-106, A-1 to A-2, A-4, A-38, A-43, 

A-47 to A-48, A-50, A-52, A-92, 
A-97 to A-98 

E 

E, 4-19, 4-21, 4-53, A-2, A-44, A-52, A-98 
EAX, 2-28, 3-27, 4-58, A-2, A-4, A-30, A-39, 

A-43, A-47 to A-48, A-78, A-92, A-97, 
A-118, A-129 

(E)AX, A-2 
EBP, 2-28, 3-10, 3-27, 4-58, A-2, A-4 
(E)BP, A-2, A-69 
EBX, 2-28, 3-27, 4-58, 4-106, A-2, A-4 
(E)BX, A-2, A-136 
ECX, 2-28, 4-58, A-2, A-4 
(E)CX, A-2, A-79 
ED, 4-19 to 4-21 
EDI, 2-28, 3-10, 3-27, 4-58, A-2, A-4, 
(E)DI, A-2, A-32, A-37, A-52, A-89, A-118, 

A-129 
[(E)DI], A-2 
EDX, 2-28, 3-27, 4-58, 4-106, A-2, A-4, A-30, 

A-43, A-47 to A-48, A-92, A-117 
(E)DX,A-2 
Effective address, 2-5 to 2-6, 3-11, 4-15, 4-130, 

A-6, A-68 
EFLAGS, 2-28, 2-32 to 2-33, 3-14, 4-3, 4-44, 

4-58, 4-74, 4-88, A-58, A-65, A-102, A-105, 
A-112 

EIP, 2-28, 2-32, 4-58, 4-88, 4-91, 4-106, A-2, 
A-60, A-84, A-94 

DPL, 4-19, 4-30, 4-42, 4-44 to 4-46, 4-51, 4-62, 

(E)IP, A-2, A-109 to A-110 
EM, 4-12, 4-91to4-92 
Enable cache, A-117 
Endian format, iv, 2-10 
ENTER, 2-30, A-44 

4-65, 4-67, A-54, A-58, A-66 
dr, A-1 
DR3:0,4-4 
DR6, 4-91, 4-124 

Chips and Technologies, Inc. 

EPIC, 4-107 
Error code(s), 4-69, 4-84, 4-88, 4-92 
ERROR* signal, 4-92 
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ES, 2-28, 2-35, 3-10, 4-3, 4-59, A-2, A-4, A-70 
ESC, A-34, A-45 
ESCAPE, 4-91 
ESI, 2-28, 3-10, 3-27, 4-58, A-2, A-4 
(E)SI, A-2, A-32, A-37, A-78, A-89, A-98 
[(E)SI], A-2 
ESP, 2-28, 3-10, 3-27, 4-58, 4-88, 4-141, A-2, 

A-4, A-100 
(E)SP, A-2, A-44, A-69, A-100 to A-103 
ESP0,4-57 
ESPl, 4-57 
ESP2, 4-57 
Event capturing, 4-107 
Events, ports, and interrupt capture (EPIC), 4-107 
EX,4-85 
Exception(s), 2-37, 4-52, 4-54, 4-63, 4-69, 4-77, 

C-7 
Error, 4-85 
Error codes, 4-84 
Handlers, 4-87 
Instruction pointer, 4-78 
Priority, 4-96 
Real mode, 4-133 
Simultaneous, 4-95 
Summary, 4-91 
SuperState V mode, 4-105 
Vectors, 4-79 
Virtua1~8086, 4-138 

Exchange register with memory or register, 
A-135 

Exculsive-OR, A-137 
Executable, 4-19 
Execution modes, 2-18 
Expand down, 4-19 
Expand-down 

Segments, 4-45 
Stack segments, 4-18 

Expand-up segments, 4-45 
Extension 

Sign, A-90 
Zero, A-91 
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External interrupt requests, 4-10 
Extra segment, 2-35 
Extra segment selector, 2-28 

F 

Family of processors, 1-1 
Far pointer, 2-26, A-63, A-67, A-70 toA-71, 

A-73, A-81 
Faults, 2-37, 4-77 
Features, processor, 1-2 to 1-3 
FlNIT, 4-91 
Flag instructions, 3-23 
Flags, 2-28, 3-14 

Auxiliary, 2-34, 4-10 
Carry, 2-34, 4-11, A-31, A-35, A-106, 

A-115, A-126 
Control, 2-32 
DF, 2-32 
Direction, 2-32 to 2-33, 4-10, A-32, A-127 
I/O privilege level, 4-9 
Interrupt, 4-38, A-33, A-128 
Interrupt enable, 4-10 
Loading, A-65 
Nested tasks, 4-9 
Overflow, 2-33, 4-9 
Parity, 2-34, 4-11 
Resume, 4-8, 4-141 
Sign, 2-33, 4-10 
Status, 2-32 
System, 2-32 
Task switch, A-34 
Trap, 4-10 
Virtual-8086 mode, 4-8 
Zero, 2-34, 4-10 

Flags register (EFLAGS), 4-3, 4-5, 4-7, 4-58 
Flat memory model, 2-7 
Flush, 4-36, C-10 
Flush cache, A-117 
FLUSH* signal, 4-110, C-10 
FS, 2-28, 2-35, 4-3, 4-59, A-2, A-4 
FWAIT, A-134 
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18, 4-29, 4-61, 4-140 
'• 4-123 

;s, 4-80 
80286, 4-141 
Call, 4-37 to 4-38, 4-42, A-26 
Control, 4-37 to 4-43 
Descriptors, 4-23, 4-37, 4-40 to 4-41 
Mechanisni,4-37,4-82 
Privilege level, 4-40, 4-51 
Protection, 4-49 
Size, 4-144 
Task, 4-55, 4-65 
Type,4-42 

GD,4-122 
GDT, 4-15, 4-22 to 4-24, 4-27, 4-38, 4-42, 4-65, 

4-82, 4-85, 4-102, A-72, A-75 
GDTR, 4-3, 4-24, 4-102, A-72, A-120 
GE, 4-123, 4-127 
General protection faults, 4-92 to 4-93 
General registers, 2-27 to 2-31, 4-5; 4-7, 4-58 
General-detect fault, 4-126 
Global 

Breakpoint enable, 4-123 
Breakpoint on exact niatch, 4-123 
Debug access detect, 4-122 

Global descriptor table (GD1), 4-1, 4-22, 4-24 
Global descriptor table register (GDTR), 4-24 
GR3:0, 4-123 
Granularity, 4-18, 4-29, 4-44, 4-61, 4-140, A-66 
GS, 2-28, 2-35, 4-3, 4-59, A-2, A-4 

H 

Halt, 4-111, A-46 
Hardware maskable interrupts, 4-92 
HLT, 4-111, 4-127, 4-137, A-46 
Hold state, A-7 

I 

I, 4-85 
J/O, see Input/Output 
IBM PC/AT 

BIOS, 4-95 
J/O space, 4-72 
Interrupt and exception vectors, 4-93 
Nl\11, 4-102 

IDIV, 4-131, A-47 
IDT, 4-22 to 4-23, 4-26, 4-38, 4-54, 4-65, 

4-79 to 4-80, 4-82, 4-85, 4-102, A-53, A-74 
IDT override, 4-85 
IDTR, 4-3, 4-25 to 4-26, 4-80, 4-102, A-74, 

A-123 
IF, 4-9 to 4-10, 4-80, 4-97, A-2, A-128 
inini, A-2 
illllll16, A-2 
illllll8, A-2 
lnnnediate operand, 3-2, 3-5, 3-14, A-6 
IMUL,A-48 
IN, 4-106, A-50 
INC, A-51 
Inclusive OR, A-96 
Increnient, A-51 
Index, 2-3, 3-11 
Index register, 2-6 
Initialization, 4-99 to 4-103 

Protected niode, 4-102 
Real niode, 4-102 

Input froni 1/0 port, A-50, A-52 
Input/Output, 2-14 to 2-16, 4-72 to 4-76 

Data niovenient instructions, 3-17 
IBMPC/AT,4-72 
Instructions, 2-30, A-50, A-52, 

A-97 toA-98 
Meniory-niapped, 2-14 to 2-16, 4-74 
Operands, 3-5, 3-14 
Permission bitniap, 4-50, 4-57, 4-72, 4-75 
Ports, 3-5 to 3-6, 4-72 
Privilege level, 4-9, 4-50, 4-52, 4-72, 

4-74 to 4-75, A-50, A-97 
Protection, 2-17, 4-50 
Protection niechanisni, 4-43, 4~45 
Reserved addresses, 4-72 
Restrictions, 2-19 
Space,2-14,2-16,4-72 
Superstate V ports, 4-105 

Chips and Technologies, Inc. PRELIMINARY lndex-7 



INS, 4-106, A-52 
INSB,A-52 
INSD,A-52 
Instruction set, 3-15 to 3-26, A-1 to A-137 
Instruction-relative addresses, 3-10 
Instruction(s), 3-15 to 3-26, A-1 to A-137 

Arithmetic, 2-32, 3-17 
Bit manipulation, 3-20 
Cache, 1-3, 2-38, 4-110, C-2, C-9 
CALL,2-14 
Clock counts, A-5 
Control transfer, 3-22 
Data movement, 3-16 
Debugging, 4-126 
Descriptions, A-9 to A-137 
Exceptions, B-12 to B-15 
Fetch reordering, C-13 
Fetching, C-3, C-11 to C-12 
Flag, 3-23 
Flags changed, B-12 
Floating point, 4-91, A-45 
Format, 3-1, A-9 
I/O, 3-17, 4-72, 4-74, 4-106 
Interrupt, 4-98 
Jump, 1-3,2-38,3-28,4-102 
Logical, 3-19 
Loop, 3-28 
Manipulation, 3-24 
Miscellaneous, 3-26 
Notations, A-1, A-5 
Opcode, 3-3 
Order, C-11 to C-12, C-14 
Overlapping execution, C-13 
Overview, 3-1 
Pipeline, 4-110, A-7, C-10 
Pipeline serialization, C-14 
Pointer, 4-5, 4-58, 4-78, A-26 
Pointer (EIP) register, 2-27, 2-32 
Prefetch queue, C-10 to C-11 
Prefixes, 3-3, 3-8 to 3-9, 4-143, A-7 to A-8, 

A-77, A-108 
Privileged, 4-53 
Protection control, 3-25 
Queue, 4-102 
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Real mode, 4-131 
Register encoding, A-4 
Register usage, B-12 to B-15 
Restarted, 4-8 
Retum,4-54 
Segment manipulation, 3-24 
Shift, 3-28 
Shift and rotate, 3-20 
Stack, 3-8 
String, 3-8, 3-21 
Summary, B-12 to B-15 
Superstate V mode, 4-108, A-116 
Virtual-8086, 4-136 

INSW,A-52 
INT, 2-36, 3-9, 4-9, 4-77, 4-127 
INT 01, 4-125 
INT 03, 4-119 
INT 3, 4-91, 4-98, A-55 
INT n, 4-92, 4-98, A-53 
Integers, 2-20 to 2-22 

Signed, 2-21 
Two's complement, 2-21, A-93 
Unsigned, 2-20 

Interrupt and exception handlers, 4-87 
Interrupt descriptor table (IDT), 2-19, 4-1, 4-22, 

4-26, 4-80 
Interrupt descriptor table register (IDTR), 4-26, 

4-80 
Interrupt(s), 2-36, 4-44 

After halt, A-46 
Data structures, 4-79 
Disabling, 4-97 
Enable flag, 4-10 
External, A-33 
Gates, 4-23, 4-38, 4-80 
Handlers, 4-87, 4-102, A-54 
IBM PC/AT, 4-93 
IDT, 4-26 
IDTR, 4-26 
Instruction pointer, 4-78 
Instructions, 4-92, 4-98 
Mechanism, 4-82 
Priority, 4-96 
Privilege level, 4-52 
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Procedure-based handlers, 4-87, A-54, A-58 
Procedures, 4-87 
Real mode, 4-132 
Registers, 4-79 
Retum,4-63 
Simultaneous, 4-95 
Software, A-33, A-53, A-55 
Stack frame, 4-88 
Summary, 4-91 
Superstate V mode, 4-105, 4-108 
Task switch, 4-54, 4-63 
Task-based handlers, 4-89, A-58 
Tasks, 4-87 
Vector table, 2-19 
Vectors, 4-79, A-53 
Virtual-8086, 4-138 

Interrupts and exceptions, 4-77 to 4-98 
INT, 2-36, 4-9, 4-77 
INTO, 2-36, 4-91, 4-98, A-56 
INTR, 4-10, 4-77, 4-126, A-33 
Invalid, 4-30 
Invalid opcodes, 4-91, 4-108 
Invalid task state segment, 4-92 
IOPB, 4-9, 4-44 to 4-45, 4-50 to 4-51, 4-57, 

4-62, 4-72, 4-75, A-50, A-52, A-97 
Base displacement, 4-58 
Base offset, 4-76 

IOPL, 4-9, 4-44 to 4-45, 4-50 to 4-51, 4-72, 
4-74, 4-141, A-50, A-52 to A-53, A-58, A-97, 
A-102 

IP, A-2 
IRET, 4-8 to 4-9, 4-54, 4-57, 4-65, 4-70, 4-89, 

4-98, 4-127, A-57 
IRETD, 4-8, A-57 
Iteration, A-79 

J 

Jee, A-36, A-59 
JMP, 2-36, 4-40, 4-42, 4-127, A-62 to A-64 
Jump, 3-28, 4-38, 4-40, 4-52, 4-54, 4-63, A-6, 

C-5, C-10 
Displacement, 3-28, A-60 
Far, A-63 
Flag tests, A-59 

K 

Instructions, 1-3, 2-38 
Near, A-59, A-62 
Short, A-59, A-62 
Taken, A-60, A-62 
Task, A-64 

KEN*, 4-110 
Kernel, 4-1 

L 

L3:0, 4-123 
LAHF,A-65 
LAR, 4-131, A-66 
LDS,A-67 
LDT, 4-15, 4-22 to 4-23, 4-27, 4-38, 4-42, 4-58, 

4-65, 4-82, 4-85, A-75 
LDTR, 4-3, A-75, A-124 
LE, 4-123, 4-127 
LEA,A-68 
LEAVE, 2-30, A-69 
LEN3:0, 4-122 
Length of breakpoint, 4-122 
LES,A-70 
LFS, A-71 
LGDT, 4-137, A-72 
LGS,A-73 
LIDT, 4-98, 4-137, A-74 
Limit, 4-17, 4-19, 4-29, 4-44 to 4-45, 4-61, 4-141 
Linear addresses, 2-5, 4-15, 4-129, 4-135 
Linear memory, 2-4 
Linked tasks, 4-70 
Little-endian encoding, iv, 2-10 
LLDT, 4-131, A-75 
LMSW, 4-137, A-76 
Load 

Access rights, A-66 
Control registers, A-87 
Debug registers, A-87 
Effective address, A-68 
Flags, A-65 
Global descriptor table, A-72 
Interrupt descriptor table, A-74 
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Local descriptor table, A-75 
Machine status word, A-76 
Pointer, A-67, A-70 to A-71, A-73, A-81 
Segment limit, A-80 
Segment registers, A-84 
String operands, A-78, A-129 
Task register, A-82 
Test registers, A-87 

Breakpoint enable, 4-123 
Breakpoint on exact match, 4-123 

Local descriptor table (LDT), 4-1, 4-22, 
4-27, 4-58 

Local descriptor table register (LDTR), 4-27 
Lock, 3-3, 4-37, 4-91, 4-137, 4-140, A-8, A-77, 

C-15 
Lock memory bus, A-77 
LOCK prefix, 4-132, 4-137, 4-140, C-15 
LOCK* signal, C-15 to C-16 
LODSB,A-78 
LODSD,A-78 
LODSW,A-78 
Logical 

Address, 2-1, 2-5 
Bit test, A-132 
Instructions, 3-19 

Loop, C-11 
Loop coding, A-79 
LOOP instructions, A-52 
LOOPcc, A-79 
LSB, iv 
LSL, 4-131, A-80 
LSS, A-81 
LTR, 4-64, 4-131, A-82 

M 

m,A-2 
[m], A-2 
m16, A-2 
m32,A-2 
m64, A-2 
m80,A-2 
Machine state, 4-55 
Machine status word (MSW), 4-11, A-76, A-125 
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Memory, 1-2 
Address size, 3-8 
Addresses, iv, 2-1 
Alignment, 2-11, 3-28, 4-108 
Coherence, 4-36 
Data formats, 2-10, 2-19 
1/0 space, 2-14 to 2-16 
Linear, 2-4 
Lockable accesses, A-77 
Locking, C-16 
Models, 2-6 to 2-7 
Operands, 3-5 to 3-7 
Operations, 3-28 
Organization, 2-1, 4-101 
Paging, 2~4 to 2-5 
Physical, 2-4 
Segment selection, 3-8 
Segmentation, 2-2, 2-5, 4-13, 4-103, 4-107 
Segments, v 
Size, 4-13 
Slow access, C-13 
Space, 2-1 
Super Space, 4-104 
Superstate V mode, 4-104 
Superstate V save area, A-117 
Tasks, 4-70 

Memory-mapped I/0, 2-14 to 2-16, 4-74 
Microcode stepping level, A-116 
MOD,3-4 
Modes 

80286 protected, 4-139 
Addressing, 2-6, 3-9, B-19 
Entering, 4-102, 4-133, 4-135 
Execution, 2-18, 4-128 
Interrupts, A-53 
Leaving,4-102,4-133,4-135 
Opcode decoding, A-28 
Protected, 2-18, 4-6, 4-102, 4-128, 

4-133 to 4-134, B-4, C-8 
Real, 2-18, 4-17, 4-102, 4-128 to 4-134, 

A-64, C-8 
Superstate V, 1-1, 1-3, 4-104 
User, 4-104 
Virtual-8086, 2-18, 4-28, 4-135 to 4-138 
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r/m, 3-2, 3-4, 3-10, 3-13, A-68, A-117, 
20 to B-22 
Byte format, B-20 
Encodings, B-21 to B-22 

f,A-2 
IV, 4-97 to 4-98, 4-137, A-76, A-83 to A-84, 
A-86toA-88 

Store segment register, A-86 
OVS, A-89, C-14 
iOVSB,A-89 
fOVSD,A-89 
AOVSW,A-89 
.\10VSX, A-90 
MOVZX,A-91 
MP, 4-13, 4-91, A-34 
MSW, 4-11, A-76, A-125 
MUL,A-92 
Multiple translation, C-6 
Multiplication, A-92 
Multiply, A-48 
Multiprocessing,4-37 
Multitasking, 4-54 to 4-71, 4-103 

N 

n,A-5 
Near jump, A-60 
Near pointer, 2-26 
NEG,A-93 
Negate, A-93 
Nested, 4-57 
Nested tasks, 4-9, 4-70 
Nesting level, A-44 
NMI, 4-77, 4-91, 4-97, 4-102, 4-138, A-33, A-46 
NMI interrupt, 4-91 
NOP,A-94 
NOT,A-95 
Notations, iv, A-1, A-5 
Notations and conventions, iv 
NT, 4-9, 4-54, 4-63, 4-65, 4-70, 4-89, A-2 
Numbers 

BCD, 2-23, A-12 to A-13, A-15 
Integers, 2-20 

0 

OF, 2-33, 4-9, A-2 
Offset, 2-3, 2-5, 2-26, 4-15 to 4-16, 4-41 
One's complement, A-95 
Opcodes, 3-2 to 3-3, B-21 to B-22, B-24 to B-28 

Undefined, 4-132 
Operands, 3-5, A-7 

Access order, C-6, C-15 
Compare, A-36 to A-37 
Conflicts, A-7 
1/0, 3-14 
Immediate, 3-14 
Loading, A-78 
Memory,3-7 
Mixed size, 4-142 
Register, 3-7 
Size, 2-29, 3-3, 3-6, 4-142, A-8, A-29 to 

A-30, A-38 to A-39, A-69, A-111 
Strings, A-52, A-78, A-98, A-129 

Operating system, 4-1 
Optimizing execution speed, 3-28 
OR,A-96 
OUT, 4-106, A-97 
Output to 1/0 port, A-97 to A-98 
OUTS, 4-106, A-98 
OUTSB,A-98 
OUTSD,A-98 
OUTSW,A-98 
Overflow, 4-91, A-56 
Overflow flag, 2-33, 4-9 

p 

P, 4-19, 4-30, 4-34, 4-37, 4-41, 4~62, 4-67, 4-86, 
4-92 

Packed BCD, 2-23 
Page, 2-4 to 2-5 

Base, 2-5 
Directory, 4-1 
Directory base address, 4-11, 4-58, C-5 
Directory offset, 4-15 
Enable, 4-11 to 4-12 
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Fault linear address, 4-11 
Faults, 2-37, 4-92 
Offset, 4-15 
Size, 2-4 
Table base address, 4-33 
Table entries, 4-1, 4-33, 4-35 
Table offset, 4-15 
Translation, 2-19 

Page-fault linear address, 4-11, 4-69 
Page-fault service routine, 4-69 
Page-level protectiOn, 4-49 
Paging, 2-4 to 2-5, 4-30 to 4-37 

80286, 4-139 
Aliases, 4-36, 4-60, C-6 
Directories, 4-32, C-4 
Directory base address, 4-11 
Enable, 4-11 
Enabling, 4-30, 4-103 
Exceptions, C-7 
Fault address, 4-11 
Faults, 4-30, 4-32, 4-35, 4-69, 4-92 
Mechanism, 4-31, 4-103 
Multiprocessors, 4-37 
Page size, 4-30 
Privilege level, 4-34, 4-52 
Protection, 4-49, 4-86 
Protection mechanism, 4-43 
Superstate V mode, 4-108 
Tables, 4-1, 4-32, C-4 
Tasks, 4-70 
TLB, 4-35 
TLB hits, A-6 
TLB miss, 4-35 
Translation, C-3, C-5 to C-6 
TSS,4-60 
Validation, C-6 

Parameters, 4-42 
Parity flag, 2-34, 4-11 
PE, 4-13, 4-102, 4-134 
PF, 2-34, 4-11, A-2 
PG, 4-12, 4-30, 4-133, C-5 
Physical address, 2-1, 2-5 
Physical memory, 2-4 
Pipeline, 4-110, C-9 
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Pipeline latency, C-10 
PL, 4-113, 4-118 
pm,A-5 
Pointer location, 4-113 
Pointers, 2-26 

Far, 2-26, A-63, A-67, A-70 to A-71, 
A-73, A-81 

Load, A-67, A-70 to A-71, A-73, A-81 
Near, 2-26 

POP, 3-9, 4-97 to 4-98, A-99 to A-100 
POPA,A-101 
POPAD,A-101 
POPP, 4-9, 4-127, A-102 
POPFD, A-102 
Ports, 4-107 
Prefetch queue, C-10 
Prefixes, 3-2 to 3-3, A-7 
Present bit, 4-19, 4-30, 4-34, 4-41, 4-62, 4-67, 

4-92, A-66, C-4 
Present/page-protection, 4-86 
Privilege level, 2-16 to 2-17, 2-19, 4-16, 4-34, 

4-36, 4-42, 4-44 to 4-45, 4-57, 4-65, 4-68, 
4-72, 4-137, 4-141, A-17, A-50, A-52, A-58, 
A-84, A-97 to A-98, A-100, A-110 

Gates, 4-40 
Summary, 4-51 

Privileged instructions, 2-17, 4-53 
Procedures, 4-87 

Entering, A-44 
Exiting, A-69 
Interrupt, 4-87 
Nested, A-44, A-69 
Return, A-57, A-109 to A-110 

Processors, iii to iv, 1-1 
Features, 1-2 to 1-3 

Program stack, 2-13 
Programmer's model, 2-1 
Programming guidelines, 3-27 
Protected mode, 2-18, 4-128 
Protected mode reference, 4-6, B-4 
Protection 

PRELIMINARY 

Control instructions, 3-25 
Enable, 4-13 
Mechanisms, 4-43 
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, 3-9, 4-131, 4-136, A-103 
LA, A-104 
IAD,A-104 
iIF, A-105 
HFD,A-105 

adword, 2-22 
1ery cache, A-117 
ueue, C-10 

!Uick reference, B-1 

r,A-2 
r/m, 3-4, A-3, A-5 
[r/m],A-3 
r/m8,A-3 
r/m16,A-3 
r/m32, A-3 
R/W, 4-20 to 4-21, 4-34 to 4-35, 4-44, 4-49, 4-51 
r8, A-2 
r16, A-2 
r32,A-2 
RCL,A-106 
RCR,A-106 
Read/write, 4-20, 4-34, 4-115, 4-117 
Read/write break condition, 4-122 
Real mode, 2-18, 4-128 to 4-134 
Recursively callable procedure, A-44 
reg, A-3 
REG field, 3-4 
Register addresses, 3-13 
Register operands, 3-7 
Registers, 4-3 to 4-13, 4-79 

Addresses, 3-13 
After reset, 4-100 
Application, 2-27 
Arithmetic, A-68 
Base pointer (EBP), 2-30 
Capture, 4-44 
Code, 2-35 
Control, 4-3, 4-5, 4-11, A-87 to A-88 
CRO, A-76, A-125 
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CR3,C-5 
CS, 4-6, A-84 
Data, 2-35 
Debug, 4-3 to 4-5 
Debugging, 4-119, A-87 to A-88 
Descriptor, 4-5 
Descriptor table, 4-22 
Destination index, 2-29 
DR7:0, 4-119 
DS, 4-6, A-67 
Encoding, A-4 
ES,A-70 
Flags (EFLAGS), 2-32, 3-14, 4-3, 4-7, 

4-57 to 4-58, A-65, A-102, A-105, A-112 
FS,A-71 
GDTR, 4-6, 4-24, A-72, A-120 
General, 2-27 to 2-31, 3-12, 4-5, 4-7, 

4-57 to 4-58, A-101 
GS,A-73 
IDTR, 4-6, 4-26, 4-80, A-74, A-123 
Implied, 2-29 
Index, 2-6 
Instruction pointer (EIP), 2-27, 2-32 
LDTR, 4-6, 4-27, A-75, A-124 
Operands, 3-5, 3-7 
Organization, 4-3 
Overview, B-1 to B-3 
Protected mode, 4-6, B-4 
Segment, 2-6, 2-27, 2-35 to 2-36, 3-12, 

4-3, 4-5, 4-14, 4-46, A-84, A-86, A-100 
Segment selector, 2-35, 4-57, 4-59 
Selector, 2-35, 4-6 
Shadow, 4-3, 4-6, 4-14, C-8 
Size, 4-144, A-67 
Source index, 2-29 
Special considerations, C-1 
SS, 4-6, A-4, A-81 
Stack, 2-35 
Stack pointer (ESP), 2-13, 2-30 
Stack segment (SS), 2-13 
Status and control, 2-27, 2-32 to 2-34 
System, 4-3, 4-13 
System address, 4-3 
System descriptor, 4-5 
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System segment, 4-3, 4-5 
Task, 4-55, 4-63 
Test, 4-3 to 4-5, 4-112, A-87 to A-88 
TLB,4-112 
TR, 4-6, A-82, A-130 
TR6, 4-112 
TR7,4-112 
Usage, 3-27 
Virtual-8086 mode, 4-136 

rel, A-3 
rel8, A-3 
Related documents, v 
REP, 4-113, 4-118, A-52, A-108 
REPE, A-108 
Repeat, 3-3, A-8, A-108 
Replacement, 4-113 
Replacement algorithm, C-3 
REPNE, A-108 
REPNZ, A-108 
REPZ,A-108 
Requestor privilege level (RPL), 4-15 to 4-16, 

4-46 
Reserved addresses, 4-72 
Reserved bits, v 
Reset, 4-99, A-46 
RESET signal, 4-99 
Resource protection, 2-16 to 2-17 
Restarted instructions, 4-8 
Resume flag, 4-8 
RET, 3-9, A-109 toA-110 
RETF,A-110 
RETN, A-109 
Return, 4-52, 4-54, A-57 

Far, A-110 
Near, A-109 

RF, 4-8, 4-91, 4-97, 4-126, 4-141, A-3,A-58 
ROL, A-106 
ROR,A-106 
Rotate, A-106 
Rotate through carry flag, A-106 
RPL, 4-15 to 4-16, 4-42, 4-44, 4-46, 4-51, 4-65, 

A-17, A-58, A-110 
RW3:0, 4-122 
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s 
SAHF,A-112 
SAL,A-113 
SAR,A-113 
SBB, A-115 
Scale, 3-11 
SCALL, 4-105, 4-108, A-116 
Scan string data, A-118 
SCASB, A-118 
SCASD, A-118 
SCASW, A-118 
Security, 4-109 
Segment and shadow registers, 4-3, 4-14 
Segment-level protection, 4-45 
Segmentation, 2-5, 2-19, 4-13to 4-30 
Segmented addressing, v 
Segmented memory models, 2-8 
Segment(s), 2-6, 3-3 

8086,4-129 
Access rights, 4-17 
After call, A-26 
Aliases, 4-59, C-9 
Attributes, 4-17 
Availability, 4-19 
Base, 4-18, 4-29, 4-61 
Base address, 4-17 to 4-18, 4-29, 4-61 
Code, 4-16, 4-19, 4-21, 4-23, 4-42, 4-46, 

4-82 
Code modification, C-9 
Confonning, 4-14, 4-19, 4-21, 4-52 
Data, 4-19, 4-21, 4-23 
Default size, 3-3, 4-18 
Descriptors, 2-6, 4-15, 4-17, C-7 
Executable, 4-19 
Expand-down, 4-19, 4-21, 4-45 
Expand-up, 4-21, 4-45 
Faults, 4-93 
Granularity, 4-18, 4-29 
Initialization, A-84 
Jump, A-63 
Limit, 4-17, 4-19, 4-29, 4-61, 4-142 
Limit loading, A-80 
Limit violation, 4-91to4-92 
Loading, 4-46 

lndex·14 PRELIMINARY Chips and Technologies, Inc. 



i DX Programmer's Reference Manual 

vfanipulation, 3-24 
Mechanism, 4-15 
Not present, 4-92 
Organization, 2-2, 2-7 
Override prefixes, A-8, A-52 
Present, 4-19, 4-30 
Privilege level, 4-19, 4-30, 4-46, 4-52 
Protection, 4-45 
Register loads, A-84 
Register stores, A-86 
Registers, 2-6 to 2-7, 2-27 to 2-28, 

2-35 to 2-36, 4-5, 4-58 
Selection, 3-8 
Selectors, 2-3, 2-5, 2-7, 4-15, 4-42, 4-44, 

A-64 
Selectors (LDT), A-75 
Shadow registers, C-8 
Stack, 2-13, 4-19, 4-21, 4-23, 4-42, 

A-100 to A-101 
Superstate V mode, 4-105, 4-108 
Transfers, A-86 
TSS, 4-23, B-10 
TSS (80286), B-11 
Upper bound, 4-18 
Valid, 4-19, 4-30 
Verify, A-133 

sel, A-3 
Selector registers, 2-35, 4-46 
Selector(s), 2-26, 2-35, 4-6, 4-15, 4-42, 4-44, 

4-67 
Self-test, 4-99 
Semaphore, 2-25, 3-3, C-15 
Serialization, C-14 
Service routines, 4-87 
Set, v 

Byte on condition, A-119 
Carry flag, A-126 
Direction flag, A-127 
Interrupt flag, A-128 

SETcc, A-36, A-119 
SF, 2-33, 4-10, A-3 
SGDT,A-120 
Shadow registers, 4-3, 4-14 

Shift 
Arithmetic, A-113 
Instructions, 3-28 
Left double, A-121 
Right double precision, A-122 

Shift and rotate instructions, 3-20 
SHL,A-113 
SHLD,A-121 
Short jump, A-60 
SHR, A-113 
SHRD,A-122 
Shutdown, 4-105, 4-111 
SI, 2-28, A-2, A-4 
SIB, 3-2, 3-4, 3-10, B-20, B-23 

Byte format, B-20 
Encoding, B-23 

SIDT, 4-98, A-123 
Sign extension, A-90 
Sign flag, 2-33, 4-10 
Signed integers, 2-21 
Simultaneous interrupts and exceptions, 4-95 
Single-step trap, 4-126 
SLDT, 4-131, A-124 
SMSW,A-125 
Source index, 2-28 
Source index (ESI) register, 2-29 
SP, 2-28, A-2, A-4 
Special programming considerations, C-1 
src,A-3 
SS, 2-28, 2-35, 4-3, 4-17, 4-59, 4-88, A-3, A-81 
SS0,4-57 
SSl,4-57 
SS2,4-57 
Stack(s), 4-42, 4-87 

16-bit, 4-141 
80286, 4-141 
Addresses, 3-9 
After call, A-26 
Base pointer (EBP), 2-30 
Create, A-44 
Expand-down,4-18 
Faults, 4-92 
Frame, 2-30, 4-88, A-44 
Initialization, 4-102 
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Instructions, 3-8, A-99 to A-105 
Interrupts, A-54 
Loads,A~84 

Manipulation, 2-30 
Operations, 2-13 
Organization, 2-13 
Pointer, 2-28, 2-30, 4-57, A-100 to A-103 
Pointer register (ESP), 2-13, 2-30 
Pointer size, 4-143 
POP, A-99 to A-102 
Privilege level, 4-46 
PUSH, A-103 to A-105 
Release, A-69 
Return, A-58, A-109 toA-110 
Segment, 2-35 
Segment loads, A-100 
Segment selector, 2-28, 4-57 
Top, A-100 to A-105 

Stack segment (SS) register, 2-13 
Stack-frame base pointer, 2-28 
Status and control flags (EFLAGS), 2-32 
Status and control registers, 2-27 to 2-28, 2-32 
STC, 2-34, A-126 
STD,A-127 
STI, 4-98, A-128 
Store 

AH register, A,.;112 
Control registers, A-88 
Debugging register, A-88 
Global descriptor table register, A-120 
Interrupt descriptor table register, A-123 
Local descriptor table register, A-124 
Machine status word, A-125 
Segment register, A-86 
Task register, A-130 
Test registers, A-88 

STOSB, A-129 
STOSD, A-129 
STOSW, A-129 
STR, 4-64, 4-131, A-130 
Strings, 2-24 to 2-25, A-37, A-52, A-78, A-89, 

A-98, A-108, A-118, A-129 
Addresses, 3-10 
Bit, 2-25 
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Instructions, 2-29, 3-8, 3-21 
Operations, 2-32 

SUB, A-131 
Subtract with borrow, A-115 
Subtraction, A-41, A-131 
SuperSpace,4-104 
Super386 DX/DXE 

Family, 1-1 
Features, 1-2 to 1-3 
Names, iv 

Superstate V mode, 1-1, 1-3, 4-44, 4-96, 
4-104 to 4-109 

Entering, 4-105, A-116 
Entry vectors, 4-106 
EPIC facility, 4-107 
Event capturing, 4-107 
Save area, A-117 
Saved information, 4-106 
Security, 4-109 
Segment descriptor, 4-105 
Vectors, A-116 

Switch task, A-28, A-64 
System 

T 

Address registers, 4-3, 4-5 
Calls, 4-37 
Descriptor registers, 4-5 
Flags, 2-32 
Management features, 4-104 
Programming, 4-1 
Registers, 4-3 
Segment and shadow registers, 4-3 
Segment registers, 4-5 

T, 4-58, 4-62, 4-76, 4-91, 4-125 
Table(s), 2-5 

Descriptor, 4-16, 4-22 
Filling mechanism, C-3 
GDT, 4-1, 4-24, 4-65, A-75, A-120. 
GDT load, A-72 
IDT, 4-1, 4-26 to 4-27, 4-65, 4-80, A-123 
IDT load, A-74 
Indicator, 4.:.15 to 4-16, 4-85 
Interrµpt descriptor, 2-19 
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Interrupt vector, 2-19 
LDT, 4-1, 4-27, 4-58, 4-65, A-124 
LDT load, A-75 
Lookup, A-136 
Page, 2-5, 4-1, 4-32 to 4-33 
Page directories, C-4 
Page directory entries, 4-33 
Page table entries, 4-33 
Page tables, C-4 
Page translation, C-5 
Segment descriptor, 2-6 
TLB, 4-35, 4-112, C-3 
TSS,4-1 

fask state segment (TSS), 4-1, 4-54 to 4-55 
Task state segment (TSS) descriptor, 4-55 
Task(s), 4-54, 4-87 

80286, 4-62, 4-139 
Back-link field, 4-55, 4-57 to 4-58 
Flags,4-58 
Gate descriptor, 4-67 
Gates, 4~23, 4-38, 4-55, 4-65, 4-80 
Instruction pointer, 4-58 
Interrupts, 4-89 
Linked, 4-70 
Machine state, 4-55 
Memory space, 4-70 
Nested, 4-9, 4-54 to 4-55, 4-63, 4-70 
Privilege level, 4-52, 4-55, 4-57 
Registers, 4-55, 4-58, 4-63, A-82 
Return, A-57 
Status, 4-63 
Switch, 4-54 
Switching, 4-12, 4-36, 4-38, 4-54, 4-68, 

A-28, A-53, A-64 
Task-switch trap, 4-125 
TSS, 4-54 to 4-55 
TSS descriptor, 4-61 

TEST,A-132 
Test registers, 4-4 to 4-5 
Testing the TLB, 4-112 
TF, 4-10, 4-80, 4-126, A-3 
TI, 4-16, 4-85 
TLB, 4-35, 4-112, A-6, C-1, C:-3 
TLB miss, 4-35 

TR, 4-3, 4-63, 4-68, A-3, A-130 
tr, A-3 
TR6,4-4,4-112,4-114,4-116 
TR7, 4-4, 4-112 to 4-113, 4-118 
Translate byte via table lookup, A-136 
Translation lookaside buffer, C-3 

Entries, 4-113, C-3 
Flushing, 4-36 
Invalidation, C-5 
Lookup,4-116 
Modification of tables, C-4 
Organization, 4-35 
Reading, 4-116 
Set, C-3 
Table filling, C-3 
Testing, 4-112 
Writing, 4-113 

Trap 
Bit, 4-58, 4-76 
Flag,4-10 
Gates, 4-23, 4-38, 4-80 

Traps, 2-37, 4-77 
Single-step, 4-126 
Task switch, 4-126 

TS, 4-12, 4-69, 4-91 
TSS, 4-9, 4-23, 4-38, 4-42, 4-54, 4-76, 4-89, 

4-139, A-58, B-10 to B-11 
Descriptor, 4-61 
Segment selector, 4-67 
Type,4-62 

Two's complement, 2-21, A-93 
Type, 4-30, 4-42, 4-44 to 4-45, 4-67, A-66 
Type field, 4-62, 4-141, A-66 

u 
u, 4-86, 4-115, 4-117 
U*, 4-115, 4-117 
U/S, 4-34 to 4-35, 4-44, 4-49, 4-51 
Undefined opcodes, 4-132 
Unpacked BCD, 2~23 
Unsigned integers, 2-20 
Upper bound, 4-18, A-66 
User mode, 4-104 
User/supervisor, 4-34, 4-86, 4-115, 4-117 
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v 
v, 4-116 
Valid, 4-19, 4-30, 4-41, 4-62, 4-67, 4-114, 4-116 
Variable shifts, 2-30 
Vectors, 4-79, A-116 
Verify segment, A-133 
VERR, 4-131, A-133 
VERW, 4-131, A-133 
VF,A-3 
Virtual address, 2-1 
Virtual-8086 mode, 2-18, 4-8 to 4-9, 4-128, 

4-135 to 4-139 
VM, 4-8, 4-135, A-58 
vm,A-5 

w 
W,4-86,4-115,4-117 
W*, 4-115, 4-117 
WAIT, 4-91 to4-92, A-7, A-34, A-134 
Wait state, A-7 
Word, 2-10, 2-22 
Write/read, 4-86 
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x 
/x, A-3 
XCHG, A-135, C-15 
XLATB, A-136 
XOR,A-137 

z 
Zero extension, A-91 
Zero flag, 2-34, 4-10 
ZF, 2-34, 4-10, A-3 
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1onal Sales Offices 

Chips and Technologies, Inc. 

United States 
California, Irvine 
Chips and Technologies, Inc. 
Phone: 714-852-8721 

California, San Jose 
Chips and Technologies, Inc. 
Phone: 408-437-3300 

Georgia, Norcross 
Chips and Technogies, Inc. 
Phone: 404-662-5098 

Illinois, Schamnburg 
Chips and Technologies, Inc. 
Phone: 708-397-4300 

Massachusetts, Andover 
Chips and Technologies, Inc. 
Phone: 508-688-4600 

Texas, Dallas 
Chips and Technologies, Inc. 
Phone: 214-702-9855 
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International 
Germany, Munich 
Chips and Technologies, GmbH 
Phone: 011-49-89-46-3074 

Hong Kong 
Chips and Technologies, Inc. 
Phone: 011-852-5-980010 

Japan, Tokyo 
Chips and Technologies, Japan K.K. 
Phone: 011-81-3-379-74311 

Korea, Seoul 
Chips and Technologies, Inc. 
Phone: 011-82-2-558-5559 

Switzerland, Marin 
Chip and Technologies, S.A. 
Phone: 011-41-3-8336379 

Taiwan, Taipei 
Chips and Technologies, Inc. 
Phone: 011-886-2-717-5595 

United Kingdom, Berkshire 
Chips and Technologies, UK 
Phone: 011-44-734-880237 

Representatives·1 



Sales Representatives 

United States 
Alabama, Huntsville 
B.I.T.S. 
Phone: 205-859-2686 

Alabama, Huntsville 
Reptron Electronics, Inc. 
Phone: 205-722-9500 

Arizona, Scottsdale 
AzTECH Component Sales 
Phone: 602-991-6300 

California, Orangeville 
Magna Sales 
Phone: 916-989-0843 

California, Santa Clara 
Magna Sales 
Phone: 408-727-8753 

California, San Diego 
S.C.Cubed 
Phone: 619-458-5808 

California, Thousand Oaks 
S.C.Cubed 
Phone: 805-496-7307 

California, Tustin 
S.C.Cubed 
Phone: 714-731-9206 

Colorado, Wheat Ridge 
Wescom Marketing, Inc. 
Phone: 303-422-8957 

Connecticut, Guilford 
DataMark Inc. 
Phone: 203-453-0575 

Florida, Casselberry 
Dyne-A-Mark Corp. 
Phone: 407-831-2811 

Florida, Clearwater 
Dyne-A-Mark Corp. 
Phone: 813-441-4702 

Florida, Ft. Lauderdale 
Dyne-A-Mark Corp. 
Phone: 305-771-6501 

Georgia, Norcross 
B.I.T.S., Inc. 
Phone: 404-446-1155 

Idaho, Boise 
Wescom Marketing, Inc. 
Phone: 208-336-6654 

Representatives-2 

Illinois, Hoffman Estates 
Micro-Tex, Inc. 
Phone: 312-765-3000 

Indiana, Carmel 
Oiesting & Associates 
Phone: 317-844-5222 

Kentucky, Versailles 
Oiesting & Associates 
Phone: 606-873-2330 

Maryland, Annapolis 
EES 
Phone: 410-269-4234 

Massachusetts, Woburn 
Mill-Bern Assoc. 
Phone: 617-932-3311 

Michigan, Coloma 
Oiesting & Associates 
Phone: 616-468-3308 

Michigan, Comstock Park 
Oiesting & Associates 
Phone: 616-784-9437 

Michigan, Livonia 
Giesting & Associates 
Phone: 313-478-8106 

Minnesota, Eden Prairie 
High Tech Sales Assoc. 
Phone: 612-944-7274 

Missouri, Bridgeton 
Centech 
Phone: 314-291-4230 

Missouri, Raytown 
Centech 
Phone: 816-358-8100 

New Jersey, Morristown 
T.A.I. 
Phone: 609-778-5353 

New York, Commack 
ERA, Inc. 
Phone: 516-543-0510 

New York, Pleasant Valley 
Pitronics 
Phone: 914-635-3233 

New York, Syracuse 
Pitronics 
Phone: 315-455-7346 

New York, Williamsville 
Pitronics 
Phone: 716-689-2378 
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North Carolina, Raleigh 
B.I.T.S., Inc. 
Phone: 919-676-1880 

Ohio, Cincinnati 
Giesting & Assciates 
Phone: 513-385-1105 

Ohio, Cleveland 
Giesting & Associates 
Phone: 216-261-9705 

Oregon, Beaverton 
L-Squared Limited 
Phone: 503-629-8555 

Pennsylvania, Pittsburg 
Oiesting & Associates 
Phone: 412-828-3553 

Texas, Austin 
OM Associates, Inc. 
Phone: 512-794-9971 

Texas, Houston 
OM Assoc., Inc. 
Phone: 713-789-4426 

Texas, Richardson 
OM Assoc., Inc. 
Phone: 214-690-6746 

Utah, Salt Lake City 
Wescom Marketing, Inc. 
Phone: 801-269-0419 

Washington, Kirkland 
L-Squared Limited 
Phone: 206-827-8555 

Wisconsin, Waukesha 
Micro-Tex, Inc. 
Phone: 414-542-5352 

Canada 
Ontario, Kanata 
Electro Source, Inc. 
Phone: 613-592-3214 

Ontario, Rexdale 
Electro Source, Inc. 
Phone: 416-675-4490 

Quebec, Pointe Claire 
Electro Source, Inc. 
Phone: 514-630-7846 

British Columbia, Vancouver 
Electro-Source, Inc. 
Phone: 604-435-8066 
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ributors 

,1 America Georgia, Norcross Ohio, Solon 
JACO Reptron Electronics, Inc. 
Phone: 404-449-0275 Phone: 216-349-1415 

ted States Illinois, Elk Grove Ohio, Worthington 

wna, Tempe Anthem Reptron Electronics, Inc. 

hem Phone: 708-884-0200 Phone: 614-436-6675 

lne: 602-966-6600 Illinois, Shaumburg Oklahoma, Tulsa 

11ifornia, Chatsworth Reptron Electronics, Inc. JACO 

nthem Phone: 312-882-1700 Phone: 918-664-8812 

none: 818-755-1333 Massachusetts, Wihnington Oregon, Beaverton 

~alifornia, Fountain Valley Anthem Anthem 

3ell Microproducts Phone: 508-657-5170 Phone: 503-643-1114 

Phone: 714-963-0667 Massachusetts, Wihnington Pennsylvania, Horsham 

California, Irvine Bell Microproducts Anthem 

Anthem Phone: 508-658-0222 Phone: 215-443-5150 

Phone: 714-768-4444 Maryland, Columbia Texas, Addison 

California, Milpitas Anthem JACO 

Bell Microproducts Phone: 301-995-6640 Phone: 214-733-4300 

Phone: 408-434-1150 Maryland, Columbia Texas, Austin 

California, Rocklin JACO JACO 

Anthem Phone: 301-995-6620 Phone: 512-835-0220 

Phone: 916-624-9744 Michigan, Livonia Texas, Richardson 

California, San Diego Reptron Electronics, Inc. Anthem 

Anthem Phone: 313-525-2700 Phone: 214-238-7100 

Phone: 619-453-9005 Minnesota, Eden Prairie Texas, Richardson 

California, San Jose Anthem All-American 

Anthem Phone: 612-944-5454 Phone: 214-231-5300 

Phone: 408-453-1200 Minnesota, Minnetonka Texas, Sugarland 

Colorado, Englewood Reptron Electronics, Inc. All-American 

Anthem Phone: 612-938-0000 713-530-0958 

Phone: 303-790-4500 New Jersey, Pinebrook Texas, Sugarland 

Connecticut, Waterbury Anthem JACO 

Anthem Phone: 201-227-7960 Phone: 713-240-2255 

Phone: 203-237-2282 NewYork,Commack Utah, Salt Lake City 

Florida, Boca Raton Anthem Anthem 

JACO Phone: 516-864-6600 Phone: 801-973-8555 

Phone: 407-241-7943 New York, Hauppauge Washington, Bothell 

Florida, Ft. Lauderdale JACO Anthem 

Reptron Electronics, Inc. Phone: 516-273-5500 Phone: 206-483-1700 

Phone: 305-735-1112 North Carolina, Raleigh 

Florida, Tampa Reptron Electronics, Inc. 
Canada 

Reptron Electronics, Inc. Phone: 919-870-5189 

813-854-2351 Ontario, Woodbridge 
JACO Valtrie Marketing 

Georgia, Norcross Phone: 919-876-7767 Phone: 416-798-2555 
Reptron Electronics, Inc. 

Ohio, Columbus Phone: 404-446-1300 
EMC 
Phone: 614-299-4161 
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Distributors 

International 

Asia/Pacific 
Australia, Sydney 
ZATEK Components 
Phone: 011-61-2-8740122 

Hong Kong, Kwung Tong 
Wong's KK Ltd. 
Phone: 011-852-3450121 

India, Bombay 
Silicon Electronics 
Phone: 011-91-22-243460 

India, New Dehli 
Ajay Jain 
Phone: 011-91-11-6863044 

Israel, Tel-Aviv 
CVS 
Phone: 011-972-3-5447475 

Japan, Kawasaki 
CTC Components Systems Co., Ltd. 
Phone: 011-81-44-8525121 

Japan, Tokyo 
ASCII and Mitsui and Company 
Phone: 011-81-33-5022251 

Korea, Seoul 
Nae Wae Semiconductor 
Phone: 011-82-2-8429500 

Malaysia, Penang 
Dynamar 
Phone: 011-60-4-363376 

Singapore 
Technology Distribution 
PTELtd. 
Phone: 011-65-2997811 

Taiwan, Taipei 
Ally, Inc. 
Phone: 011-886-2-7886270 

Taiwan, Taipei 
World Peace 
Industrial Co., Ltd. 
Phone: 011-886-2-7865311 

Thailand, Bangkok 
Ora winner 
Phone: 011-66-2-2158742 

Representatives-4 
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Europe 
Belgium, Zaventem 
ACALAuriema Belguim 
Phone: 011-32-2-7205983 

Denmark, Herlev 
Nordisk, Elektronik A/S 
Phone: 011-45-4-2842000 

Finland, Helsinki 
OY Fintonic AB 
Phone: 011 "358-0-6926022 

France, Le Chesnay 
A2M 
Phone: 011-33-1-39549113 

Germany, Nettetal 
Rein Elektronik GmbH 
Phone: 011-49-2153-7330 

Italy, Milano 
Moxe!S.R.L 
Phone: O 11-39-2-61290521 

Netherlands, Eindhoven 
ACAL Auriema Nederland B.V. 
Phone: 011-31-40-816565 

Norway, Hvalstad 
Nordisk Elektronik AfS 
Phone: 011-47-2846210 

Spain, Madrid 
Compania Electronica de Tecnicas 
Aplicadas, S.A. 
Phone: 011-34-1-7543001 

Spain, Barcelona 
Compania Electronica de Tecnicas 
Aplicadas, S.A. 
Phone: 011-34-3-3007712 

Sweden, Kista 
Nordisk Elektronik A.B. 
Phone: 011-46-8-7034630 

Switzerland, Dietikon 
DataCompAG 
Phone: 011-41-1-7405140 

United Kingdom, Berkshire 
Magna Technology 
Phone: 011-44-734-880211 

Sirretta Microelectronics, Ltd. 
Phone: 011-44-734-311822 

United Kingdom, Oxfordshire 
Thrune Components, Ltd. 
Phone: 011-44-844-261188 
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Americas 
Brazil, Sao Paulo 
Nishi com 
Phone: 011-55-11-5351755 

Chips and Technologies, Inc. 




