






























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































OPCODE MAP 

One-Byte Opcode Map 

o 2 3 4 5 6 7 

o ADD PUSH POP 

Eb,Gb EV,Gv Gb,Eb GV,Ev AL,lb eAX,lv ES ES 

ADC PUSH POP 

Eb,Gb EV,Gv Gb,Eb GV,Ev AL,lb eAX,lv SS SS 

2 AND SEG DAA 

Eb,Gb EV,Gv Gb,Eb GV,Ev AL,lb eAX,lv =ES 

3 XOR SEG AAA 

Eb,Gb EV,Gv Gb,Eb Gb,Ev AL,lb eAX,lv =SS 

4 INC general register 

eAX eCX eDX eBX eSP eBP eSI eDI 

5 PUSH general register 

eAX eCX eDX eBX eSP eBP eSI eDI 

6 PUSHA POPA BOUND ARPL SEG SEG Operand Address 

PUSHAD POPAD GV,Ma EW,Gw =FS =GS Size Size 

7 Short-displacement jump on condition (Jb) 

JO JNO JB/JNAE/J JNB/JAE/J JZ JNZ JBE JNBE 

8 Immediate Grpl Immediate Grpl Grpl TEST XCHG 

Eb,lb EV,lv EV,lb Eb,lb Eb,Gb EV,Gv Eb,Gb EV,Gv 

9 NOP XCHG word or double-word register with eAX 

eCX eDX eBX eSP eBP eSI eDI 

A MOV MOVSB MOVSW CMPSB CMPSW 

AL,Ob eAX,Ov Ob,AL OV,eAX Xb,Yb XV,Yv Xb,Yb XV,Yv 

B MOV immediate byte into byte register 

AL CL DL BL AH CH DH BH 

C Shift Grp2a RET near LES LDS MOV 

Eb,lb EV,lb Iw GV,Mp GV,Mp Eb,lb EV,lv 

D Shift Grp2 AAM AAD XLAT 

Eb,1 EV,1 Eb,CL EV,CL 

E LOOPN LOOPE LOOP JCXZlJEC IN OUT 

Jb Jb Jb Jb AL,lb eAX,lb Ib,AL Ib,eAX 

F LOCK REPNE REP HLT CMC Unary Grp3 

REPE Eb Ev 

I A-5 



OPCODE MAP 

One-Byte Opcode Map 

8 9 A B C D E F 

o OR PUSH 2-byte 

Eb,Gb EV,Gv Gb,Eb GV,Ev AL,lb eAX,lv CS escape 

SBB PUSH POP 

Eb,Gb EV,Gv Gb,Eb GV,Ev AL,lb eAX,lv DS DS 

2 SUB SEG DAS 

Eb,Gb EV,Gv Gb,Eb GV,Ev AL,lb eAX,lv =CS 

3 CMP SEG AAS 

Eb,Gb EV,Gv Gb,Eb GV,Ev AL,lb eAX,lv =DS 

4 DEC general register 

eAX eCX eDX eBX eSP eBP eSI eDI 

5 POP into general register 

eAX eCX eDX eBX eSP eBP eSI eDI 

6 PUSH IMUL PUSH IMUL INSB INSW/D OUTSB OUTSW/D 

Iv GV,Ev,lv Ib GV,Ev,lb Yb,DX YV,DX DX,Xb DX,Xv 

7 Short-displacement jump on condition (Jb) 

JS JNS JP JNP JL JNL JLE JNLE 

8 MOV MOV LEA MOV POP 

Eb,Gb EV,Gv Gb,Eb GV,Ev Ew,Sw GV,M SW,Ew Ev 

9 CBW CWD/CDO CALL WAIT PUSHF POP SAHF LAHF 

aP Fv Fv 
- ~ 

tilUtil:l I ti 1 UtiW/lJ LODSB LODSW/D I SCASB I SCASW/D Il::til 

AL,lb eAX,lv Yb,AL YV,eAX AL,Xb eAX,Xv AL,Yb eAX,Yv 

A 

B MOV immediate word or double into word or double register 

eAX eCX eDX eBX eSP eBP eSI eDI 

C ENTER LEAVE RET far RET far INT INT INTO IRET 

IW,lb Iw 3 Ib 

D ESC (Escape to coprocessor instruction set) 

E CALL JMP IN OUT 

Jv Jv Ap Jb AL,DX eAX,DX DX,AL DX,eAX 

F CLC STC CLI STI CLD STD INC/DEC INC/DEC 

Grp4 Grp5 
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OPCODE MAP 

Two Byte Opcode Map (First byte is OFH) 

o 2 3 4 5 6 7 

o Grp6 LAR LSL CLTS 
GV,Ew GV,Ew 

. . . . 

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

3 WRMSR RDTSC RDMSR 

4 

5 

6 

7 

8 Long-displacement jump on condition (Jv) 

JO JNO JB JNB JZ JNZ JBE JNBE 

9 Byte Set on condition (Eb) 

SETO SETNO SETB SETNB SETZ SETNZ SETBE SETNBE 

A PUSH POP CPUID BT SHLD SHLD 
FS FS EV,Gv EV,Gv,lb EV,Gv,CL 

B CMPXCH CMPXCH LSS BTR LFS LGS MOVZX 

Eb,Gb EV,Gv Mp EV,Gv Mp Mp GV,Eb GV,Ew 

C XADD XADD Group 9 
Eb,Gb EV,Gv 

D 

E 

F 
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Two-Byte Opcode Map (First byte is OF H) 

8 9 A B C D E F 

o INVD WBINVD Illegal 
opcode 

2 

3 

4 

5 

6 

7 

a Long-displacement jump on condition (Jv) 

JS JNS JP JNP JL JNL JLE JNLE 

Byte set on condition (Eb) 

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

1::0 1::0 1::0 1::0 1::0 1::0 1::0 1::0 

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

B Illegal Grp-8 BTC BSF BSR MOVSX 

opcode EV,lb EV,Gv GV,Ev GV,Ev GV,Eb GV,Ew 

c BSWAP BSWAP BSWAP BSWAP BSWAP BSWAP BSWAP BSWAP 
EAX ECX EDX EBX ESP EBP ESI EDI 

D 

E 

F 
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A.5.3.2.1. Opcodes Determined by Bits 5,4,3 of ModRlM Byte 

mod nnn RIM 

Group 000 001 010 011 100 101 110 111 

ADD OR ADC SBB AND SUB XOR CMP 

2 ROL ROR RCL RCR SHLSAL SHR SAR 

3 TEST NOT NEG MUL IMUL DIV IDIV 
Ib/lv AUeAX AUeAX AUeAX AUeAX 

4 INC DEC 
Eb Eb 

5 INC DEC CALL CALL JMP JMP PUSH 
Ev Ev Ev Ep Ev Ep Ev 

6 SLDT STR LLDT LTR VERR VERW 
Ew Ew Ew Ew Ew Ew 

7 SGDT SIDT LGDT LlDT SMSW LMSW INVLPG 
Ms Ms Ms Ms Ew Ew 

B BT BTS BTR BTC 

9 CMPXCH 
BBMq 
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A.S.3.2.2. Escape Opcodes with 08 as First Byte 

mod nnn RIM 

ModRIM bytes in range of OOh-BFh, nnn are mapped according to the following table 
(opcode is determined by bits 5,4,3 of modRIM byte). 

000 001 010 011 100 101 110 111 

I FADD FMUL FCOM FCOMP FSUB FSUBR FDIV FDIVR 
single-real single-real single-real single-real single-real single-real single-real single-real 

ModRIM bytes outside the range OOh-BFh are mapped by the tables below: 

o 2 3 4 5 6 7 

C FADD 

ST,ST(O) I ST,ST(1) I ST,ST(2) I ST,ST(3) I ST,ST(4) I ST,ST(5) I ST,ST(6) I ST,ST(7) 

o FCOM 

ST,ST(O) I ST,ST(1) I ST,T(2) I ST,ST(3) I ST,ST(4) I ST,ST(5) I ST,ST(6) I ST,ST(7) 

E FSUB 

ST,ST(O) I ST,ST(1) I ST,ST(2) I ST,ST(3) I ST,ST(4) I ST,ST(5) I ST,ST(6) I ST,ST(7) 

F FDIV 

ST,ST(O) I ST,ST(1) I ST,ST(2) I ST,ST(3) I ST,ST(4) I ST,ST(5) I ST,ST(6) I ST,ST(7) 

8 9 A B C o E F 

c I FMUL 

ST,ST(O) I ST,ST(1) I ST,ST(2) I ST,ST(3) I ST,ST(4) I ST,ST(5) I ST,ST(6) I ST,ST(7) 

o FCOMP 

ST,ST(O) I ST,ST(1) I ST,T(2) I ST,ST(3) I ST,ST(4) I ST,ST(5) I ST,ST(6) I ST,ST(7) 

E FSUBR 

ST,ST(O) I ST,ST(1) I ST,ST(2) I ST,ST(3) I ST,ST(4) I ST,ST(5) I ST,ST(6) I ST,ST(7) 

F FDIVR 

ST,ST(O) I ST,ST(1) I ST,ST(2) I ST,ST(3) I ST,ST(4) I ST,ST(5) I ST,ST(6) I ST,ST(7) 
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A.S.3.2.3. Escape Opcodes with 09 as First Byte 

mod nnn RIM 

ModR/M bytes in range of OOh-BFh, nnn are mapped according to the following table 
(opcode is determined by bits 5,4,3 of modR/M byte). 

000 001 010 011 100 101 110 111 

FLO I FST FSTP I FLOENV FLOCW FSTENV FSTCW 

single-real single-real single-real 14/28 2 bytes 14/28 2 bytes 

ModR/M bytes outside the range OOh-BFh are mapped by the tables below: 

o 2 3 4 5 7 

C FLO 

ST,ST(O) ST,ST(1) ST,ST(2) ST,ST(3) ST,ST(4) ST,ST(5) ST,ST(6) ST,ST(7) 

o FNOP 

E FCHS FABS FTST FXAM 

F F2XM1 FYL2X FPTAN FPATAN FXTRACT FPREM1 FOECSTP FINCSTP 

8 9 A B C o E F 

C FXCH 

ST,ST(O) ST,ST(1) ST,ST(2) ST,ST(3) ST,ST(4) ST,ST(5) ST,ST(6) ST,ST(7) 

o 

E FL01 FLOL2T FLOL2E FLOPI FLOLG2 FLOLN2 FLOZ 

F FPREM FYL2XP1 FSQRT FSINCOS FRNOINT FSCALE FSIN FCOS 

I A-11 

I 



OPCODE MAP i ntel ® 

A.S.3.2.4. Escape Opcodes with DA as First Byte 

mod nnn RIM 

ModRIM bytes in range of OOh-BFh, nnn are mapped according to the following table 
(opcode is determined by bits 5,4,3 of mod RIM byte). 

000 001 010 011 100 101 110 111 

I 
FIADD FIMUL FICOM FICOMP FISUB FISUBR FIDIV FIDIVR 

short-in!' short-in!' short-in!' short-in!' short-in!' short-in!' short-in!' short-in!' 

ModRIM bytes outside the range OOh-BFh are mapped by the tables below: 

o 2 3 4 5 6 7 

C 

D 

E 

F 

8 9 A B C D E F 

D 

E FUCOMPP 

F 

NOTE: 'Short-in! = 32 bit integer. 
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A.S.3.2.S. Escape Opcodes with DB as First Byte 

mod nnn RIM 

ModR/M bytes in range of OOh-BFh, nnn are mapped according to the following table 
(opcode is determined by bits 5,4,3 of mod RIM byte). 

000 001 010 011 100 101 110 111 

FILD FSTP 

short-int* ext-real 

ModRIM bytes outside the range OOh-BFh are mapped by the tables below: 

o 2 3 4 5 6 7 

C 

o 

E FCLEX FINIT 

F 

8 9 A B C o E F 

C 

D 

E 

F 

NOTE: *Short-int = 32 bit integer. 
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A.S.3.2.6. Escape Opcodes with DC as First Byte 

mod nnn RIM 

ModR/M bytes in range of OOh-BFh, nnn are mapped according to the following table 
(opcode is determined by bits 5,4,3 of modR/M byte). 

000 001 010 011 100 101 110 111 

FADD FMUL FCOM FCOMP FSUB FSUBR FDIV FDIVR 
double-real double-real double-real double-real double-real double-real double-real double-real 

ModR/M bytes outside the range OOh-BFh are mapped by the tables below: 

o 2 3 4 5 6 7 

C FADD 

ST(O),ST ST(1),ST ST(2),ST ST(3),ST ST(4),ST ST(5),ST ST(6),ST ST(7),ST 

D 

E FSUBR 

ST(O),ST ST(1),ST ST(2),ST ST(3),ST ST(4),ST ST(5),ST ST(6),ST ST(7),ST 

F FDIVR 

ST(O),ST ST(1),ST ST(2),ST ST(3),ST ST(4),ST ST(5),ST ST(6),ST ST(7),ST 

8 9 A B C D E F 

ci FMUL 

ST(O),ST ST(1),ST ST(2),ST ST(3),ST ST(4),ST ST(5),ST ST(6),ST ST(7),ST 

D 

E FSUB 

ST(O),ST ST(1),ST ST(2),ST ST(3),ST ST(4),ST ST(5),ST ST(6),ST ST(7),ST 

F FDIV 

ST(O),ST ST(1),ST ST(2),ST ST(3),ST ST(4),ST ST(5),ST ST(6),ST ST(7),ST 
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A.S.3.2.7. Escape Opcodes with DD as First Byte 

mod nnn RIM 

ModRIM bytes in range of OOh-BFh, nnn are mapped according to the following table 
(opcode is determined by bits 5,4,3 of mod RIM byte). 

000 001 010 011 100 101 110 111 

FLO FST FSTP FRSTOR FSAVE FSTSW 
double-real double-real double-real 98/108bytes 98/108bytes 2 bytes 

ModRIM bytes outside the range OOh-BFh are mapped by the tables below: 

o 2 3 4 5 6 7 

C FFREE 

ST(O) ST(1) ST(2) ST(3) ST(4) ST(5) ST(6) ST(7) 

o FST 

ST(O) ST(1) ST(2) ST(3) ST(4) ST(5) ST(6) ST(7) 

E FUCOM 

ST(O),ST ST(1),ST ST(2),ST ST(3),ST ST(4),ST ST(5),ST ST(6),ST ST(7),ST 

F 

8 9 A B C o E F 

C 

o FSTP 

ST(O) ST(1) ST(2) ST(3) ST(4) ST(5) ST(6) I ST(7) 

E FUCOMP 

ST(O) ST(1) ST(2) ST(3) ST(4) ST(5) ST(6) ST(7) 

F 
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A.S.3.2.8. Escape Opcodes with DE as First Byte 

mod nnn RIM 

ModRIM bytes in range of OOh-BFh, nnn are mapped according to the following table 
(opcode is determined by bits 5,4,3 ofmodR/M byte). 

000 001 010 011 100 101 110 111 

I 
FIADD 

I 
FIMUL FICOM FICOMP FISUB FISUBR FIDIV 

I 
FIDIVR 

word-int word-int word-int word-int word-int word-int word-int word-int 

ModRIM bytes outside the range OOh-BFh are mapped by the tables below: 

o 2 3 4 5 6 7 

C FADDP 

ST(O),ST ST(1),ST ST(2),ST ST(3),ST ST(4),ST ST(5),ST ST(6),ST ST(7),ST 

D 

E FSUBRP 

ST(O),ST ST(1),ST ST(2),ST ST(3),ST ST(4),ST ST(5),ST ST(6),ST ST(7),ST 

F FDIVRP 

ST(O),ST ST(1),ST ST(2),ST ST(3),ST ST(4),ST ST(5),ST ST(6),ST ST(7),ST 

8 9 A B C D E F 

I 

C ~ ______ -. ______ -, ______ -. ______ FM-.U_LP ______ .-______ .-______ r-____ ~ 
I QTf{)\ CT ~Tf"'\ C"T C"T,n\ ('10. r"O"T'", ..... , ,.... ..... 3,( .. ),3, ST(5j,ST 

--

::>T(7),ST 1o.J I \'-/'U I >J I \..:J),v I ;:; J (0),::; I ..... . \""',,-- . -'\')'_' 

D FCOMPP 

E FSUBP 

ST(O),ST ST(1),ST ST(2),ST ST(3),ST ST(4),ST ST(5),ST ST(6),ST ST(7),ST 

F FDIVP 

ST(O),ST ST(1),ST ST(2),ST. ST(3),ST ST(4),ST ST(5),ST ST(6),ST ST(7),ST 
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A.S.3.2.9. Escape Opcodes with OF As First Byte 

mod nnn RIM 

ModRIM bytes in range of OOh-BFh, nnn are mapped according to the following table 
(opcode is determined by bits 5,4,3 of modR/M byte). 

000 001 010 011 100 101 110 111 

FILD FIST FISTP FBLD FILD FBSTP FISTP 
word-int word-int word-int packed- long-int packed- long-int 

BCD BCD 

ModRIM bytes outside the range OOh-BFh are mapped by the tables below: 

o 2 3 4 5 6 7 

C 

D 

E FSTSW 

AX 

F 

8 9 A B C D E F 

C 

D 

E 

F 
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APPENDIX 8 
FLAG CROSS-REFERENCE 

This flag cross-reference is a summary of the flags affected by each instruction. For detailed 
information on how flags are affected for different modes of operation on the Pentium 
processor, see Chapter 25. 

B.1. Key to Codes 
T = instruction tests flag 

M = instruction modifies flag (either sets or resets depending on operands) 

o = instruction resets flag 

= instruction sets flag 

= instruction's effect on flag is undefined 

R 

blank 

= instruction restores prior value of flag<xin> 

= instruction does not affect flag 

Instruction OF SF ZF AF 
AAA - - - TM 
AAD - M M -
AAM - M M -
AAS - - - TM 

ADC M M M M 
ADD M M M M 

AND 0 M M -
ARPL M 

BOUND 
BSF/BSR - - M -
BSWAP 

BT IBTS/BTR/BTC - - - -
CALL 
CBW 

CLC 

CLD 

CLI 
CLTS 

CMC 

CMP M M M M 

I 

PF CF TF IF 
- M 
M -
M -
- M 

M TM 
M M 

M 0 

- -

- M 

0 

0 

M 

M M 

OF NT RF 

0 
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FLAG CROSS-REFERENCE 

Instruction OF SF ZF AF PF CF TF IF OF NT RF 
CMPS M M M M M M T 
CMPXCHG M M M M M M 
CMPXCHG8B M 
CPUID 

CWD 
DAA - M M TM M TM 
DAS - M M TM M TM 
DEC M M M M M 

DIV - - - - - -
ENTER 
ESC 
HLT 

IDIV - - - - - -
IMUL M - - - - M 
IN 
INC M M M M M 

INS T 
INT 0 0 
INTO T 0 0 
INVD 

INVLPG 
IRET R R R R R R R R R T 
Jcond T T T T T 
JCXZ 

JMP 
LAHF 
LAR M 
LDS/LES/LSS/LFS/LGS 

L~,'\ 

LEAVE 
LGDT/UDT/LLDT/LMSW 
LOCK 

LODS T 
LOOP 
LOOPE/LOOPNE T 
LSL M 

LTR 
MOV 
MOV control, debug, test - - - - - -
MOVS T 
MOVSXlMOVZX 
MUL M - - - - M 
NEG M M M M M M 
NOP 
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Instruction OF SF ZF AF PF CF TF IF OF NT RF 
NOT 
OR 0 M M - M 0 
OUT 
OUTS T 

POP/POPA 
POPF R R R R R R R R R R 
PUSH/PUSHAIPUSHF 
RCURCR 1 M TM 

RCURCR count - TM 
RDMSR 
RDTSC 
REP/REPE/REPNE 

RET 
ROUROR 1 M M 
ROUROR count - M 
RSM M M M M M M M M M M M 
SAHF R R R R R 
SAUSARISHUSHR 1 M M M - M M 
SAUSARISHUSHR count - M M - M M 
SBB M M M M M TM 

SCAS M M M M M M T 
SETcond T T T T T 
SGDT/SIDT/SLDT/SMSW 
SHLD/SHRD - M M - M M 

STC 1 
STD 1 
STI 1 
STOS T 

STR 
SUB M M M M M M 
TEST 0 M M - M 0 
VERRIVERRW M 
WAIT 
WBINVD 
WRMSR 
XADD M M M M M M 
XCHG 
XLAT 
XOR 0 M M - M 0 
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APPENDIX C 
STATUS FLAG SUMMARY 

C.1. STATUS FLAGS FUNCTIONS 

Bit Name Function 

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

2 PF Parity Flag-Set if low-order eight bits of result contain an even 
number of 1 bits; cleared otherwise. 

4 AF Adjust Flag-Set on carry from or borrow to the low order four bits 
of AL; cleared otherwise. Used for decimal arithmetic. 

6 ZF Zero Flag-Set if result is zero; cleared otherwise. 

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

11 OF Overflow Flag-Set if result is too large a positive number or too 
small a negative number (excluding sign-bit) to fit in destination 
operand; cleared otherwise. 

C.2. KEY TO CODES 

T = instruction tests flag 

M = instruction modifies flag either sets or resets depending on operands) 

o = instruction resets flag 

= instruction's effect on flag is undefined 

blank = instruction does not affect flag 
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STATUS FLAG SUMMARY 

Instruction OF SF ZF AF PF CF 
AAA - - - TM - M 

AAS - - - TM - M 

AAD - M M - M -

AAM - M M - M -

DAA - M M TM M TM 

DAS - M M TM M TM 

ADC M M M M M TM 

ADD M M M M M M 

XADD M M M M M M 

SBB M M M M M TM 

SUB M M M M M M 

CMP M M M M M M 

CMPS M M M M M M 

CMPXCHG M M M M M M 

CMPXCHG8B M 

SCAS M M M M M M 

NEG M M M M M M 

DEC M M M M M 

INC M M M M M 

IMUL M - - - - M 

MUL M - - - - M 

RCURCR 1 M TM 

RCURCR count - TM 

ROUROR 1 M M 

ROUROR count - M 

SAUSARISHUSHR 1 M M M - M M 

SAUSARISHUSHR count - M M - M M 

SHLD/SHRD - M M - M M 

BSF/BSR - - M - - -

BT IBTS/BTR/BTC - - - - - M 

AND 0 M M - M 0 

OR 0 M M - M 0 

TEST 0 M M - M 0 

XOR 0 M M - M 0 
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APPENDIX D 
CONDITION CODES 

Note: The terms "above" and "below" refer to the relation between two unsigned values 
(neither the SF flag nor the OF flag is tested). The terms "greater" and "less" refer to the 
relation between two signed values (the SF and OF flags are tested). 

0.1. DEFINITION OF CONDITIONS 

For Conditional Instructions Jcond and SETcond 

Instruction 

Mnemonic Meaning Subcode Condition Tested 

0 Overflow 0000 OF = 1 

NO No overflow 0001 OF=O 

B Below 0010 CF = 1 
NAE Neither above nor equal 

NB Not below 0011 CF=O 
AE Above or equal 

E Equal 0100 ZF = 1 
Z Zero 

NE Not equal 0101 ZF=O 
NZ Not zero 

BE Below or equal 0110 (CF or ZF) = 1 
NA Not above 

NBE Neither below nor equal 0111 (CF or ZF) = 0 
A Above 

S Sign 1000 SF = 1 

NS No sign 1001 SF=O 

P Parity 1010 PF = 1 
PE Parity even 

NP No parity 1011 PF = 0 
PO Parity odd 

L Less 1100 (SF xor OF) = 1 
NGE Neither greater nor equal 

NL Not less 1101 (SF xor OF) = 0 
GE Greater or equal 
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CONDITION CODES 

For Conditional Instructions Jcond and SETcond (Contd) 

Instruction 
Mnemonic Meaning Subcode Condition Tested 

LE Less or equal 1110 ((SF xor OF) or ZF) = 1 
NG Not greater 

NLE Neither less nor equal 1111 ((SF xor OF) or ZF) = 0 
G Greater 
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APPENDIX E 
NUMERIC EXCEPTION SUMMARY 

The following table lists the instruction mnemonics in alphabetical order. For each 
mnemonic, it summarizes the exceptions that the instruction may cause. When writing 
numeric programs that may be used in an environment that employs numerics exception 
handlers, assembly-language programmers should be aware of the possible exceptions for 
each instruction in order to determine the need for exception synchronization. Chapter 18 
explains the need for exception synchronization. 

Mnemonic Instruction IS I 0 Z 0 U P 

F2XM1 2X-1 Y Y Y Y Y 
FABS Absolute value Y 
FADD(P) Add real Y Y Y Y Y Y 
FBLD BCD load y 

FBSTP BCD store and pop y Y Y 
FCHS Change sign Y 
FCLEX Clear exceptions 
FCOM(P)(P) Compare real y y y 

FCOS Cosine y y y y y 

FDECSTP Decrement stack pointer 

FDIV(R)(P) Divide real Y y y y y y y 

FFREE Free register 

FIADD Integer add y y y y y y 

FICOM(P) Integer compare Y y y 

FIDIV Integer divide Y Y Y Y Y Y 
FIDIVR Integer divide reversed Y Y Y Y Y Y Y 
FILD Integer load Y 
FIMUL Integer multiply y y y y y y 

FINCSTP Increment stack pointer 

FINIT Initialize processor 
FIST(P) Integer store Y Y y 

FISUB(R) I nteger subtract y y y y y y 

FLD extended or stack Load real y 

FLD single or double Load real Y Y Y 
FLD1 Load + 1.0 Y 
FLDCW Load Control word Y Y Y Y Y Y Y 
FLDENV Load environment y y y y y y y 

FLDL2E Loadlog2e Y 
FLDL2T Loadlog210 Y 
FLDLG2 Load log102 Y 
FLDLN2 Load loge2 Y 
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NUMERIC EXCEPTION SUMMARY 

Mnemonic Instruction IS I D Z 0 U P 

FLDPI Load 1t Y 
FLDZ Load + 0.0 Y 
FMUL(P) Multiply real Y Y Y Y Y Y 
FNOP No operation 
FPATAN Partial arctangent Y Y Y Y Y 
FPREM Partial remainder Y Y Y Y 
FPREM1 IEEE partial remainder Y Y Y Y 
FPTAN Partial tangent Y Y Y Y Y 
FRNDINT Round to integer Y Y Y Y 
FRSTOR Restore state Y Y Y Y Y Y Y 
FSAVE Save state 
FSCALE Scale Y Y Y Y Y Y 
FSIN Sine Y Y Y Y Y 
FSINCOS Sine and cosine Y Y Y Y Y 
FSQRT Square root Y Y Y Y 
FST(P) stack or extended Store real Y 
FST(P) single or double Store real Y Y Y Y Y Y 
FSTCW Store control word 
FSTENV Store environment 
FSTSW(AX) Store status word 
FSUB(R)(P) Subtract real Y Y Y Y Y Y 
FTST Test Y Y Y 
FUCOM(P)(P) Unordered compare real Y Y Y 
FWAIT CPU Wait 
FXAM Examine 
FXCH Exchange registers Y 
I-XIHA(';I I=xtract y y y Y 
FYL2X Y ·log2X Y Y Y Y Y Y Y 
FYL2XP1 Y . log2(X + 1) Y Y Y Y Y 

IS - Invalid operand due to stack overflow/underflow 

I - Invalid operand due to other cause 

D - Denormal operand 

Z - Zero-divide 

o -Overflow 

U - Underflow 

P - Inexact result (precision) 
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APPENDIX F 
INSTRUCTION FORMAT AND TIMING 

Table F-2, Table F-3, and Table F-5 list all instructions along with instruction encoding 
diagrams and clock counts. 

F.1. INTEGER INSTRUCTION FORMAT AND TIMING 

The following sections explain how to use each of the columns of Table F-2. 

Format 

All instruction encodings are subsets of the general instruction format shown in Figure F-l. 
Instructions consist of one or two primary opcode bytes, possibly an address specifier 
consisting of the mod rIm byte and scale-index-base byte, a displacement if required, and an 
immediate data field if required. 

76543210 76543210 7-6 5-32-07-6 5-3 2-0 

d32116 181 none data32 I 1618 I none 

" ___ ~y ___ ~J'-----y----J'-----y----J ~ "---y-----J 

opcode 
(one or two bytes) 
(T represents an 

opcode bit.) 

mod rIm s-i-b 
byte byte 

v 
register and address 

mode specifier 

address 
displacement 
(4,2,1 bytes 

or none) 

Figure F-1. General Instruction Format 

immediate 
data 

(4,2,1 bytes 
or none) 

APM12B 

Within the primary opcode or opcodes, smaller encoding fields may be defined. These fields 
vary according to the class of operation. The fields define such information as direction of 
the operation, size of displacements, register encoding, or sign extension. 

Almost all instructions referring to an operand in memory have an addressing mode byte 
following the primary opcode byte(s). This byte, the mod rIm byte, specifies the address 
mode to be used. Certain encodings of the mod rIm byte indicate that a second addressing 
byte, the scale-index-base byte, follows the mod rIm byte to fully specify the addressing 
mode. 

Addressing modes can include a displacement immediately following the mod rIm byte or 
scale-index-base byte. If a displacement is present, the possible sizes are 8, 16, or 32 bits. 
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INSTRUCTION FORMAT AND TIMING 

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

Figure F-l illustrates several of the fields that can appear in an instruction, such as the mod 
field and the rIm field, but the figure does not show all fields. Several smaller fields also 
appear in certain instructions, sometimes within the opcode bytes themselves. Table F-l is a 
complete list of all fields appearing in the instruction set. Subsequent tables list the values for 
each of the fields. 

Table F-1. Fields within Instructions 

Field Name Description Number of Bits 

d Specifies direction of data operation 1 

eee Specifies a special-purpose (test, debug, or control) register 

reg General register specifier 3 

s Specifies if an immediate data field must be sign-extended 1 

sreg2 Segment register specifier for es, SS, OS, ES 2 

sreg3 Segment register specifier for es, SS, OS, ES, FS, GS 3 

tttn For conditional instructions, specifies a condition asserted or a condition 4 
negated 

w Specifies if data is byte of full-sized (full-sized is either 16 or 32 bits) 1 

In many two-operand instructions, the d field indicates which operand is considered the 
source and which is the destination. 

Encoding of Operation Direction (d) Field 

d Source Destination 

0 reg field mod rim or mod ss index base field 

1 mod rim or mod ss index base field reg field 
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INSTRUCTION FORMAT AND TIMING 

Encoding of Special-Purpose Register (eee) Field 

eee Control Register Debug Register 

000 CRO DRO 

001 reserved DR1 

010 CR2 DR2 

011 CR3 DR3 

100 CR4 reserved 

101 reserved reserved 

110 reserved DR6 

111 reserved DR7 

NOTE: Do not use reserved encodings. 

Encoding of reg Field When w Field is Not Present in Instruction 

Register Selected during Register Selected during 

reg Field 16-Bit Data Operations 32-Bit Data Operations 

000 AX EAX 

001 CX ECX 

010 DX EDX 

011 BX EBX 

100 SP ESP 

101 BP EBP 

110 SI ESI 

111 DI EDI 

I F-3 



INSTRUCTION FORMAT AND TIMING 

Encoding of reg Field When w Field is Present in Instruction 

Register Specified by reg Field Register Specified by reg Field 
during 16-Bit Data Operations during 32-Bit Data Operations 

Function of w Field Function of w Field 

reg Whenw=O When w= 1 reg Whenw=O Whenw= 1 

000 AL AX 000 AL EAX 

001 CL CX 001 CL ECX 

010 OL OX 010 OL EOX 

011 BL BX 011 BL EBX 

100 AH SP 100 AH ESP 

101 CH BP 101 CH EBP 

110 OH SI 110 OH ESI 

111 BH 01 111 BH EOI 

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

Encoding of Sign-Extend (s) Field 

Effect on Effect on 

s Immediate Data8 Immediate Data16 or Data32 

0 None None 

I Sign-extend data8 to fill 16-bit or 32-bit destination None 

Encoding of the Segment Register (sreg) Field 

Segment Register Segment Register 
2-Bit sreg2 Field Selected 3-Bit sreg3 Field Selected 

00 ES 000 ES 

01 CS 001 CS 

10 SS 010 SS 

11 OS 011 OS 

100 FS 

101 GS 

110 do not use 

111 do not use 
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INSTRUCTION FORMAT AND TIMING 

For the conditional instructions (conditional jumps and set on condition), tttn is encoded 
such that ttt gives the condition to test and n indicates whether to use the condition (n = 0) or 
its negation (n = 1). 

Encoding of Conditional Test (tttn) Field 

ttt n Mnemonic Condition 

0000 0 Overflow 

0001 NO No overflow 

0010 B,NAE Below, Not above or equal 

0011 NB, AE Not below, Above or equal 

0100 E,Z Equal, Zero 

0101 NE,NZ Not equal, Not zero 

0110 BE,NA Below or equal, Not above 

0111 NBE,A Not below or equal, Above 

1000 S Sign 

1001 NS Not sign 

1010 P, PE Parity, Parity Even 

1011 NP, PO Not parity, Parity Odd 

1100 L, NGE Less than, Not greater than or equal to 

1101 NL, GE Not less than, Greater than or equal to 

1110 LE,NG Less than or equal to, Not greater than 

1111 NLE,G Not less than or equal to, Greater than 

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

Encoding of Operand Length (w) Field 

Operand Size during Operand Size during 
wField 16·Bit Data Operations 32·Bit Data Operations 

0 8 bits 8 bits 

1 16 bits 32 bits 

Clock Counts 

To calculate elapsed time for an instruction, multiply the instruction clock count as listed in 
the tables by the processor clock period (for example, 15 ns for a 66-MHz processor). 
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INSTRUCTION FORMAT AND TIMING 

The clock count tables assume that data and instruction access hit their respective caches. A 
cache miss forces the processor to run an external bus cycle. The 64-bit burst bus of the 
Pentium processor is defined as r-b-w, where: 

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

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

w = The number of clocks for a write. 

The fastest bus the Pentium processor can support is 2-1-2, assuming zero wait states. The 
clock counts in the cache miss penalty column assume a 2-1-2 bus. For slower buses, add r-
2 clocks to the cache miss penalty for the first quadword accessed. Other factors also affect 
instruction clock counts. 

To simplify the tables, the following assumptions are made: 

1. The external bus is available for reads or writes at all times. Otherwise, add clocks to 
reads until the bus is available. The processor stalls if the write buffers become full and 
the external bus is busy. In that case, add clocks to writes until the bus becomes 
available. 

2. If the write buffers become full, subsequent writes are delayed until the write buffers 
become empty. For the worst case, add w clocks. 

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

4. Operands are in the data cache. Add 3 + (number of wait states) for each cache miss. 

5. The target of a jump is in the code cache. If not, add r clocks for accessing the 
destination instruction of a jump. If the destination instruction is not completely 
contained in the first qword read, add a maximum of 3b clocks. If the destination 
instruction is not completely contained in the first 32-byte burst. add a maximum of 
another r + 3b clocks. The penalty for branch misprediction is three clocks. 

6. Cache fills complete before subsequent accesses to the same line. If a read misses the 
cache during a cache fill due to a previous read or prefetch, the read must wait for the 
cache fill to complete. If a read or write accesses a cache line still being filled, it must 
wait for the fill to complete. 

7. Page translation hits in TLB. A TLB miss typically adds from 13 to 28 clocks to the 
instruction depending on whether the Accessed or Dirty bit of the page entries needs to 
be set in memory. This assumes that neither page entry is in the data cache and that a 
page fault does not occur during address translation. 

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

9. Instructions that read multiple consecutive data items (for example, task switch, papA, 
etc.) and miss the cache are assumed to start the first access on a 32-byte boundary. If 
not, an extra cache line fill may be necessary, which may add up to r + 3b clocks to the 
cache miss penalty. 
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INSTRUCTION FORMAT AND TIMING 

10. No address generation interlocks (AGI). AGIs occur when a register being used as part of 
an address calculation is the destination register of a previous instruction in either the 
pipelines. AGIs cause a one clock delay. 

The following abbreviations are used in the clock count columns: 

TS The time for a task switch, which depends on the target TSS type as shown in the Task 
Switch Clock Counts Table. 

INT The time for an interrupt, which depends on processor mode and type of gate used, as 
shown in the Interrupt Clock Counts Table. 

Task Switch Clock Counts Table 

Method 

From To Value of TS 

32-Bit, 16-Bit, or V86 TSS 32-BitTSS 85 

32-Bit, 16-Bit, or V86 TSS 16-Bit TSS 85 

32-Bit, 16-Bit, or V86 TSS V86 TSS 71 

Interrupt Clock Counts Table 

Value of INT 

Method Cache Hit Miss Penalty Notes 

Real Mode 11 3 

Protected Mode 
InterruptfTrap gate, same level 25 6 9 
InterruptfTrap gate, different level 42 12 9 
Task gate 17 + TS 3 9,10 

Virtual 8086 Mode 
InterruptfTrap, same level 13 3 
InterruptfTrap gate, different level 54 12 
Task gate 17 + TS 3 10 

Notes 

The following abbreviations in the Notes column help to interpret the other columns: 

16/32 

LINL 

MNIMX 
P 

R 

RVIP 

I 

Clocks apply to 16- and 32-bit modes respectively 

Clocks apply to loop and no loop cases respectively 

Clocks shown define a range from minimum to maximum 

Clocks apply to protected mode 

Clocks apply to real-address mode 

First clock applies to real and V86 mode; second applies to protected mode 
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INSTRUCTION FORMAT AND TIMING 

TINT Clocks apply to taken and not taken cases respectively 

U/L Clocks apply to unlocked and locked cases respectively 

1. Assuming that the operand address and stack address fall in different cache 
interleaves. 

2. Always locked. Always forced to miss cache. 

4. Clocks = {quotient( count/operand length) } *7 + 9 
= 8 if count:S; operand length (8/16/32). 

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

8. Penalty for cache miss: add 2 clocks for every stack value copied to the new 
stack frame. 

9. Add 8 clocks for each load of an unaccessed descriptor. 

10. Refer to Task Switch Clock Counts Table for value of TS. 

For notes 12 - 13: b = 0 - 3, nonzero byte number; 
i = 0 - 1, nonzero nibble number; 
n = 0 - 3, nonzero bit number in nibble. 

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

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

For notes 14 -15: n = bit position (0 - 31). 

14. Clocks = 7 + 2(32 - n) 
= 6 if second operand = O. 

15. Clocks = 8 + 2(32 - n) 

16. 

21. 

23. 

24. 

25. 

F-8 

= 7 if "p.r.nnn nnp.r:mn = () - -"'_ .. ----_. --

Assuming that the two string addresses fall in different cache interleaves. 

Refer to the Interrupt Clock Counts Table for value of INT. 

Add r + 3b for instruction cache miss. Add 3 for branch misprediction. 

Clocks shown define a range from minimum to maximum. 

Add r + 3b for instruction cache miss. 
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INSTRUCTION FORMAT AND TIMING 

Table F-2. Integer Clock Count Summary 

Instruction Format Clocks Notes Pairing 

AAA - ASCII Adjust after 00110111 3 NP 
Addition 

AAD - ASCII Adjust AX before 1101 0101 : 0000 1010 10 NP 
Division 

AAM - ASCII Adjust AX after 11010100: 0000 1010 18 NP 
Multiply 

AAS - ASCII Adjust AL after 0011 1111 3 NP 
Subtraction 

ADC - ADD with Carry PU 

regl to reg2 0001 OOOw : 11 reg1 reg2 1 

reg2 to regl 0001 001w: 11 regl reg2 1 

memory to register 0001 001w: mod reg rim 2 

register to memory 0001 OOOw : mod reg rim 3 UIL 

immediate to register 1000 OOsw : 11 010 reg: immediate data 1 

immediate to accumulator 0001 010w: immediate data 1 

immediate to memory 1000 OOsw : mod 010 rim: immediate data 3 U/L 

ADD-Add UV 

regl to reg2 0000 OOOw : 11 reg 1 reg2 1 

reg2 to regl 0000 001w: 11 reg1 reg2 1 

memory to register 0000 001w: mod reg rim 2 

register to memory 0000 OOOw : mod reg rim 3 UIL 

immediate to register 1000 OOsw : 11 000 reg: immediate data 1 

immediate to accumulator 0000 010w : immediate data 1 

immediate to memory 1000 OOsw : mod 000 rim: immediate data 3 UIL 

AND - Logical AND UV 

regl to reg2 0010 OOOw : 11 reg1 reg2 1 

reg2 to reg1 0010 001w: 11 reg1 reg2 1 

memory to register 0010 001w: mod reg rim 2 

register to memory 0010 OOOw: mod reg rim 3 UIL 

immediate to register 1000 OOsw : 11 100 reg: immediate data 1 

immediate to accumulator 0010 010w: immediate data 1 

immediate to memory 1000 OOsw : mod 100 rim: immediate data 3 UIL 

ARPL - Adjust RPL Field of Selector NP 

from register 01100011: 11 regl reg2 7 

from memory 01100011 : mod reg rim 7 
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INSTRUCTION FORMAT AND TIMING 

Table F-2. Integer Clock Count Summary (Contd) 

Instruction Format Clocks Notes Pairing 

BOUND - Check Array Against Bounds NP 

0110 0010: mod reg rIm 

if within bounds B 

if out of bounds INT + 32 21 

BSF - Bit Scan Forward NP 

regl, reg2 0000 1111: 10111100: 11 reg2 regl 

word 6-34 MN/MX, 12 

doubleword 6-42 MN/MX,12 

memory, reg 0000 1111: 10111100: mod reg rIm 

word 6-35 MN/MX, 13 

doubleword 6-43 MN/MX, 13 

BSR - Bit Scan Reverse 

regl, reg2 0000 1111: 10111101: 11 reg2 regl 

word 7-39 MN/MX,14 

doubleword 7-71 MN/MX,14 

memory, reg 0000 1111: 10111101: mod reg rIm 

word 7-40 MN/MX,15 

doubleword 7-72 MN/MX,15 

BSWAP - Byte Swap 0000 1111 : 1100 1 reg 1 NP 

BT - Bit Test NP 

register, immediate 0000 1111 : 1011 1010: 11 100 reg: immB data 4 

memory, immediate 0000 1111 : 1011 1010: mod 100 rIm: immB data 4 

reg 1 , reg2 00001111 :10100011 :11 reg2regl 4 

memory, reg 0000 1111 : 1010 0011 : mod reg rIm 9 

BTC - Bit Test and Complement NP 

register, immediate 0000 1111 : 1011 1010: 11 111 req: immB data 7 

memory, immediate 0000 1111 : 1011 1010: mod 111 rIm: immB data B u/L 

regl, reg2 0000 1111: 10111011: 11 reg2 regl 7 

memory, reg 0000 1111: 10111011: mod reg rIm 13 u/L 

BTR - Bit Test and Reset NP 
register, immediate 0000 1111 : 1011 1010: 11 110 reg: imm8 data 7 

memory, immediate 0000 1111 : 1011 1010: mod 110 rIm: imm8 data B U/L 
regl, reg2 0000 1111 : 10 11 00 11 : 11 reg2 reg 1 7 

memory, reg 0000 1111: 1011 0011: mod reg rIm 13 U/L 

BTS - Bit Test and Set NP 

register, immediate 0000 1111 : 1011 1010: 11 101 reg: immB data 7 

memory, immediate 0000 1111 : 1011 1010: mod 101 rIm: immB data B U/L 
regl, reg2 0000 1111: 1010 1011: 11 reg2 regl 7 

memory, reg 0000 1111 : 1010 1011 : mod reg rIm 13 U/L 

CALL - Call Procedure (in same segment) 

direct 1110 1000 : full displacement 1 23 PV 
register indirect 1111 1111 : 11 010 reg 2 23 NP 

memory indirect 1111 1111 : mod 010 rIm 2 23 NP 
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Table F-2. Integer Clock Count Summary (Contd) 

Instruction Format Clocks Notes Pairing 

CALL - Call Procedure (in other segment) NP 

direct 1001 1010 : unsigned full offset, selector 4 R,23 

to same level 4-13 P,9,23,24 
thru gate to same level 22 P,9,25 
to inner level, no parameters 44 P,9,25 
to inner level, x parameters (d)words 45+2 P,9,25 
toTSS x P,10,9,2 
thru task gate 21+T 5 

S P,10,9,2 
22+T 5 

S 

indirect 11111111: mod011 rim 5 R,23 

to same level 5-14 P,9,23,24 
thru gate to same level 22 P,9,25 
to inner level, no parameters 44 P,9,25 
to inner level, x parameters (d)words 45+2 P,9,25 
toTSS x P,10,9,2 
thru task gate 21+T 5 

S P,10,9,2 
22+T 5 

S 

CBW - Convert Byte to Word 1001 1000 3 NP 
CWDE - Convert Word to Doubleword 

CLC - Clear Carry Flag 11111000 2 NP 

CLD - Clear Direction Flag 11111100 2 NP 

CLI- Clear Interrupt Flag 11111010 7 NP 

CLTS - Clear Task-Switched 00001111: 00000110 10 NP 
Flag in CRO 

CMC - Complement Carry Flag 1111 0101 2 NP 

CMP - Compare Two Operands UV 
reg 1 with reg2 0011 100w: 11 reg1 reg2 1 

reg2 with reg1 0011 101w: 11 reg1 reg2 1 

memory with register 0011 100w: mod reg rim 2 

register with memory 0011 101w: mod reg rim 2 

immediate with register 1000 OOsw : 11 111 reg: immediate data 1 

immediate with accumulator 0011 110w: immediate data 1 

immediate with memory 1000 OOsw : mod 111 rim 2 

CMPS/CMPSB/CMPSW/CMPSD 1010011w 5 16 NP 
- Compare String Operands 

CMPXCHG - Compare and Exchange NP 

reg1, reg2 0000 1111 : 1011 OOOw : 11 reg2 reg 1 5 

memory, reg 00001111 : 1011 OOOw: mod reg rim 6 UlL 
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Table F-2. Integer Clock Count Summary (Contd) 

Instruction Format Clocks Notes Pairing 

CMPXCHG8B - Compare and NP 
Exchange 8 Bytes 

memory, reg 00001111: 11000111: mod reg rIm 10 u/L 

CPUID - CPU Indentificaiton 00001111 : 10100010 12 

CWO - Convert Word to Dword 1001 1001 2 NP 
CDa - Convert Dword to aword 

DAA - Decimal Adjust AL after 00100111 3 NP 
Addition 

DAS - Decimal Adjust AL after 00101111 3 NP 
Subtraction 

DEC - Decrement by 1 UV 

reg lllllllw: 11 001 reg 1 

or 01001 reg 1 

memory lllllllw: mod 001 rIm 3 u/L 

DIV - Unsigned Divide NP 

accumulator by register 1111 011w: 11110reg 

divisor- byte 17 

word 25 

doubleword 41 

accumulator by memory 1111 011w: mod 110 rIm 

divisor- byte 17 

word 25 

doubleword 41 

ENTER - Make Stack Frame 1100 1onn· 1~_hi~ ('Ii~r-'Ie.C'e~e!:!: 8-~!! !e·.'~! {!...) i~r 

for Procedure Parameters 

L=O 11 

L=l 15 

L> 1 15 + 2L 8 

HLT-Halt 11110100 

IDIV - Signed Divide NP 

accumulator by register 1111 011w: 11111 reg 

divisor- byte 22 

word 30 

doubleword 46 

accumulator by memory 1111 011w: mod 111 rIm 

divisor- byte 22 

word 30 

doubleword 46 
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Table F-2. Integer Clock Count Summary (Contd) 

Instruction Format Clocks Notes Pairing 

IMUL - Signed Multiply NP 

accumulator with register 1111 011w: 11101 reg 

multiplier - byte 11 

word 11 

doubleword 10 

accumulator with memory 1111 011w: mod 101 reg 

multiplier- byte 11 

word 11 

doubleword 10 

reg1 with reg2 00001111: 10101111: 11: reg1 reg2 

multiplier - byte 10 

word 10 

doubleword 10 

reg ister with memory 00001111 : 10101111 : mod reg rim 

multiplier - byte 10 

word 10 

doubleword 10 

reg1 with imm. to reg2 011010s1: 11 reg1 reg2:immediatedata 

multiplier - byte 10 

word 10 

doubleword 10 

memo with imm. to reg 0110 10s1 : mod reg rim: immediate data 

multiplier - byte 10 

word 10 

doubleword 10 

INC -Increment by 1 UV 
reg 1111111w: 11 000 reg 1 

or 01000 reg 1 

memory 1111 111w: mod 000 rim 3 u/L 

INT n - Interrupt Type n 11001101 : type INT +6 21.25 NP 

INT - Single-Step Interrupt 3 11001100 INT+ 5 21.25 NP 

INTO - Interrupt 4 on Overflow 11001110 NP 

taken INT + 5 21.25 

not taken 4 21.25 

INVD -Invalidate Cache 00001111 : 0000 1000 15 NP 

INVLPG -Invalidate TLB Entry 00001111 : 0000 0001 : mod 111 rim 29 NP 
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Table F-2. Integer Clock Count Summary (Contd) 

Instruction Format Clocks Notes Pairing 

IRETIIRETD - Interrupt Return 11001111 NP 

real mode or virtual 8086 mode 7 R,23 

protected mode 
to same level 10- P,9,23,2 
to outer level 19 4 
to nested task 27 P,9,25 

10 + P,9,10,2 
TS 5 

Jcc - Jump if Condition is Met PV 

8-bit displacement 0111 tttn : 8-bit displacement 1 23 

full displacement 0000 1111 : 1000 tlln : full displacement 1 23 

JCXZlJECXZ - Jump on 11100011 : 8-bit displacement 6/5 T/NT,23 NP 
CXlECX Zero 

address size prefix differentiates JCXZ from JECXZ 

JMP - Unconditional Jump (to same segment) 

short 1110 1011 : 8-bit displacement 1 23 PV 

direct 11101001 : full displacement 1 23 PV 

register indirect 11111111: 11100 reg 2 23 NP 

memory indirect 11111111: mod 100 rIm 2 23 NP 

JMP - Unconditional Jump (to other segment) NP 

direct intersegment 1110 1010 : unsigned full offset, selector 3 R,23 

to same level 3-12 P,9,23,24 
thru call gate ro same level 18 P,9,25 
thru TSS 19 + P,10,9,2 
thru task gate TS 5 

20+ P,10,9,2 
TS 5 

indirect intersegment 1111 1111 : mod 101 rIm 4 R,23 

to same level 4-13 P,9,23,24 
thru call gate ro same level 18 P,9,25 
thru TSS 19+ P,10,9,2 
thru task gate TS 5 

20 + P,10,9,2 
TS 5 

LAHF - Load Flags into AH 1001 1111 2 NP 
Register 

LAR - Load Access Rights Byte NP 

from register 0000 1111 : 0000 0010 : 11 reg1 reg2 8 

from memory 0000 1111 : 00000010: mod reg rIm 8 

LOS - Load Pointer to OS 11000101: mod reg rIm 4-13 9,24 NP 

LEA - Load Effective Address 10001101 : mod reg rIm 1 UV 

LEAVE - High Level Procedure 11001001 3 NP 
Exit 
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Table F-2. Integer Clock Count Summary (Contd) 
Instruction Format Clocks Notes Pairing 

LES - Load Pointer to ES 1100 0100: mod reg rim 4-13 9,24 NP 

LFS - Load Pointer to FS 0000 1111 : 1011 0100: mod reg rim 4-13 9,24 NP 

LGDT - Load Global Descriptor 0000 1111 : 0000 0001 : mod 010 rim 6 NP 
Table Register 

LGS - Load Pointer to GS 0000 1111: 1011 0101 : mod reg rim 4-13 9,24 NP 

LlDT - Load Interrupt 0000 1111 : 0000 0001 : mod 011 rim 6 NP 
Descriptor Table Register 

LLDT - Load Local Descriptor Table Register NP 

LDTR from register 0000 1111 : 0000 0000: 11 010 reg 9 

LDTR from memory 0000 1111 : 0000 0000: mod 010 rim 9 

LMSW - Load Machine Status Word NP 

from register 0000 1111 : 0000 0001 : 11 110 reg 8 

from memory 0000 1111 : 0000 0001 : mod 110 rim 8 

LOCK - Assert LOCK# Signal 1111 0000 1 NP 
Prefix 

LODSILODSBILODSWILODSD 1010 110w 2 NP 
- Load String Operand 

LOOP - Loop Count 1110 0010 : 8-bit displacement 5/6 UNL,23 NP 

LOOPZlLOOPE - Loop Count 1110 0001 : 8-bit displacement 7/8 UNL,23 NP 
while ZerolEqual 

LOOPNZlLOOPNE - Loop 1110 0000 : 8-bit displacement 7/8 UNL,23 NP 
Count while not ZerolEqual 

LSL - Load Segment Limit NP 

from register 0000 1111 : 0000 0011 : 11 reg1 reg2 8 

from memory 0000 1111 : 0000 0011 : mod reg rIm 8 

LSS - Load Pointer to SS 0000 1111 : 1011 0010: mod reg rim 4-131 RV/P,9,24 NP 
8-17 

L TR - Load Task Register NP 

from register 0000 1111 : 0000 0000 : 11 011 reg 10 

from memory 0000 1111 : 0000 0000 : mod 011 rim 10 

MOV - Move Data UV 

reg1 to reg2 1000 100w : 11 reg1 reg2 1 

reg2 to reg1 1000 101w: 11 reg1 reg2 1 

memory to reg 1000 101w: mod reg rIm 1 

reg to memory 1000 100w : mod reg rIm 1 

immediate to reg 1100 011w: 11 000 reg: immediate data 1 

or 1011 w reg: immediate data 1 

immediate to memory 1100 011w: mod 000 rim: immediate data 1 

memory to accumulator 1010 OOOw : full displacement 1 

accumulator to memory 1010 001w: full displacement 1 
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INSTRUCTION FORMAT AND TIMING 

Table F-2. Integer Clock Count Summary (Contd) 
Instruction Format Clocks Notes Pairing 

MOV - Move to/from Control Registers NP 

CRO from register 0000 1111 : 0010 0010: 11 000 reg 22 

CR2 from register 0000 1111 : 0010 0010: 11 010reg 12 

CR3 from register 0000 1111 : 0010 0010 : 11 all reg 21 

CR4 from register 00001111 :00100010: 11100reg 14 

register from CRO-4 0000 1111 : 00100000 : 11 eee reg 4 

MOV - Move to/from Debug Registers NP 

DRO-3 from register 0000 1111 : 0010 0011 : 11 eee reg 11 

DR4-5 from register 0000 1111 : 0010 0011 : 11 eee reg 12 

DR6-7 from register 00001111 :00100011: 11 eeereg 11 

register from DR6-7 0000 1111: 0010 0001: 11 eee reg 11 

register from DR4-5 0000 1111: 00100001: 11 eee reg 12 

register from DRO-3 0000 1111: 00100001: 11 eee reg 2 

MOV - Move to/from Segment Registers NP 

reg to segment reg 1000 1110: 11 sreg3 reg 2-11 9,24 

reg to 88 1000 1110: 11 sreg3 reg 2-111 RV/P,9,24 
8-17 

memory to segment reg 1000 1110: mod sreg3 rim 3 9,24 

memory to 88 1000 1110: mod sreg3 rim 3-121 RV/P,9,24 
8-17 

segment reg to reg 1000 1100: 11 sreg3 reg 1 

segment reg to memory 1000 1100: mod sreg3 rim 1 

MOVS/MOVSBIMOVSW/ 1010 010w 4 16 NP 
MOVSD - Mnv~ n~t~ '~l)~ S!~!~~ !~ S!!"!:-:; 

MOVSX - Move with Sign-Extend NP 

reg2 to regl 0000 1111: 1011111w: 11 regl reg2 3 

memory to reg 00001111 :101111Iw:modregr/m 3 

MOVZX - Move with Zero-Extend 

reg2 to regl 0000 1111: 1011 011w: 11 regl reg2 3 

memory to reg 0000 1111: 1011 011w: mod reg rim 3 

MUL - Unsigned Multiplication of AL or AX NP 

accumulator with register 1111 011w: 11100 reg 

multiplier - byte 11 

word 11 

doubleword 10 

accumulator with memory 1111 01lw:mod 100 reg 

multiplier - byte 11 

word 11 

doubleword 10 
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Table F-2. Integer Clock Count Summary (Contd) 

Instruction Format Clocks Notes Pairing 

NEG - Two's Complement Negation NP 

reg 1111 011w: 11 all reg 1 

memory 1111 011w: mod all rim 3 U/L 

NOP - No Operation 10010000 1 UV 

NOT - One's Complement Negation NP 

reg 1111 all w : 11 010 reg 1 

memory 1111 011w: mod 010 rim 3 U/L 

OR - Logical Inclusive OR UV 

regl to reg2 0000 1 OOw : 11 regl reg2 1 

reg2 to regl 0000 101 w : 11 regl reg2 1 

memory to register 0000 101w: mod reg rim 2 

register to memory 0000 toOw : mod reg rim 3 U/L 

immediate to register toOO OOsw : 11 001 reg: immediate data 1 

immediate to accumulator 0000 11 Ow : immediate data 1 

immediate to memory toOO OOsw : mod 001 rim: immediate data 3 U/L 

POP - Pop a Word from the Stack 

reg toOO 1111 : 11 000 reg 1 UV 

or 0101 1 reg 1 UV 

memory 1000 1111 : mod 000 rim 3 1 NP 

POP - Pop a Segment Register from the Stack NP 

segment reg CS, DS, ES 000 sreg2 111 3-12 9,24 

segment reg SS 000 sreg2 111 3-121 RV/P,9,24 
8-17 

segment reg FS, GS 0000 1111: 10 sreg3 001 3-12 9,24 

POPAIPOPAD - Pop All 0110 0001 5 NP 
General Registers 

POPF/POPFD - Pop Stack into 1001 1101 4/14 RV/P NP 
FLAGS or EFLAGS Register 

PUSH - Push Operand onto the Stack 

reg 11111111: 11110 reg 1 UV 

or 0101 a reg 1 UV 

memory 1111 1111 : mod 110 rim 2 1 NP 

immediate 0110 10s0: immediate data 1 UV 

PUSH - Push Segment Register onto the Stack NP 

segment reg CS,DS,ES,SS 000 sreg2 110 1 

segment reg FS,GS 0000 1111: 10 sreg3 000 1 

PUSHAIPUSHAD - Push All 0110 0000 5 NP 
General Registers 

PUSHF/PUSHFD - Push Flags 1001 1100 3/9 RV/P NP 
Register onto the Stack 
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INSTRUCTION FORMAT AND TIMING 

Table F-2. Integer Clock Count Summary (Contd) 

Instruction Format Clocks Notes Pairing 

RCL - Rotate thru Carry Left 

reg by 1 1101 OOOw: 11 010 reg 1 PU 

memory by 1 1101 OOOw: mod 010 rIm 3 PU 

reg by CL 1101 001w: 11 010 reg 7-24 MN/MX,4 NP 

memory by CL 1101 001w: mod 010 rIm 9-26 MN/MX,5 NP 

reg by immediate count 1100 OOOw: 11 010 reg: imm8 data 8-25 MN/MX,4 PU 

memory by immediate count 1100 OOOw: mod 010 rIm: imm8 data 10-27 MN/MX,5 PU 

RCR - Rotate thru Carry Right 

reg by 1 1101 OOOw: 11 011 reg 1 PU 

memory by 1 1101 OOOw: mod 011 rIm 3 PU 

reg by CL 1101 001w: 11 011 reg 7-24 MN/MX,4 NP 

memory by CL 1101 001w: mod 011 rIm 9-26 MN/MX,5 NP 

reg by immediate count 1100 OOOw: 11 011 reg: imm8 data 8-25 MN/MX,4 PU 

memory by immediate count 1100 OOOw : mod 011 rIm: imm8 data 10-27 MN/MX,5 PU 

RDMSR - Read from Model- 00001111 :00110010 20-24 MN/MX NP 
Specific Register 

RDTSC - Read from Time 00001111 : 00110001 6,11 1 
Stamp Counter 

REP LODS - Load String 11110011: 1010 110w NP 

C=O 7 
C>O 7+ 16 

3c 

REP MOVS - Move String 11110011: 1010010w NP 

(':-1) <3 

C=1 13 16 
C> 1 13+ 16 

c 

REP STOS - Store String 11110011: 1010 101w NP 

C=O 6 
C>O 9+c 

REPE CMPS - Compare String 11110011: 1010011w NP 
(Find Non-Match) 

C =0 7 
C>O 8+ 16 

4c 

REPE SCAS - Scan String 11110011: 1010 111w NP 
(Find Non-AUAXlEAX) 

C=O 7 
C>O 8+ 16 

4c 
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Table F-2. Integer Clock Count Summary (Contd) 

Instruction Format Clocks Notes Pairing 

REPNE CMPS - Compare 11110010: 1010011w NP 
String (Find Match) 

C=O 7 
C>O 9+ 16 

4c 

REPNE SCAS - Scan String 11110010: 1010 111w NP 
(Find ALJAXlEAX) 

C=O 7 
C>O B+ 16 

4c 

RET - Return from Procedure (to same segment) NP 

11000011 2 

adding immediate to SP 1100 0010 : 16-bit displacement 3 

RET - Return from Procedure (to other segment) NP 

intersegment 11001011 4 R,23 

to same level 4-13 P,9,23,24 
to outer level 23 P,9,25 

adding immediate to SP 1100 1010 : 16-bit displacement 4 R,23 

to same level 4-13 P,9,23,24 
to outer level 23 P,9,25 

ROL - Rotate (not thru Carry) Left 

reg by 1 1101 OOOw: 11 000 reg 1 PU 

memory by 1 1101 OOOw: mod 000 rIm 3 PU 

reg by CL 1101 001w: 11 000 reg 4 NP 

memory by CL 1101 001w: mod 000 rIm 4 NP 

reg by immediate count 1100 OOOw : 11 000 reg: immB data 1 PU 

memory by immediate count 1100 OOOw : mod 000 rIm: immB data 3 PU 

ROR - Rotate (not thru Carry) Right 

reg by 1 1101 OOOw: 11 001 reg 1 PU 

memory by 1 1101 OOOw: mod 001 rIm 3 PU 

reg by CL 1101 001w: 11 001 reg 4 NP 

memory by CL 1101 001w: mod 001 rIm 4 NP 

reg by immediate count 1100 OOOw: 11 001 reg: immB data 1 PU 

memory by immediate count 1100 OOOw: mod 001 rIm: immB data 3 PU 

RSM - Resume from System 00001111 : 1010 1010 NP 
Management Mode 

SAHF - Store AH into Flags 10011110 2 NP 

SAL - Shift Arithmetic Left same instruction as SHL 
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Table F-2. Integer Clock Count Summary (Contd) 

Instruction Format Clocks Notes Pairing 

SAR - Shift Arithmetic Right 

reg by 1 1101 OOOw: 11111 reg 1 PU 
memory by 1 1101 OOOw: mod 111 rim 3 PU 
reg by CL 1101 001w: 11111 reg 4 NP 

memory byCL 1101 001w: mod 111 rim 4 NP 

reg by immediate count 1100 OOOw : 11 111 reg: immB data 1 PU 
memory by immediate count 1100 OOOw : mod 111 rim: immB data 3 PU 

SBB -Integer Subtraction with Borrow PU 
reg1 to reg2 0001 100w: 11 reg1 reg2 1 

reg2 to reg1 0001 101w: 11 reg1 reg2 1 

memory to register 0001 101w: mod reg rim 2 

register to memory 0001 100w: mod reg rim 3 u/L 

immediate to register 1000 OOsw : 11 011 reg: immediate data 1 

immediate to accumulator 0001 110w: immediate data 1 

immediate to memory 1000 OOsw: mod 011 rim: immediate data 3 u/L 

SCAS/SCASB/SCASW/SCASD 1101111w 4 NP 
- Scan String 

SETcc - Byte Set on Condition NP 
reg 00001111 : 1001 tttn : 11 000 reg 1 

memory 00001111 : 1001 tttn : mod 000 rIm 2 

SGDT - Store Global 0000 1111 : 00000001 : mod 000 rim 4 NP 
Descriptor Table Register 

SHL - Shift Left 

reg by 1 1101000w:11100reg 1 PU 
memory by 1 1101 OOOw: mod 100 rim 3 PU 
reg by CL 1101 001w: 11100reg 4 NP 
memory by CL 1101 001w: mod 100 rim 4 NP 
reg by immediate count 1100 OOOw: 11 100 reg: immB data 1 PU 
memory by immediate count 1100 OOOw : mod 100 rim: immB data 3 PU 

SHLD - Double Precision Shift Left 

register by immediate count 00001111 : 10100100: 11 reg2 reg1 : immB 4 NP 
memory by immediate count 00001111 : 10100100: mod reg rim: immB 4 NP 
register by CL 00001111 : 10100101 : 11 reg2 reg1 4 NP 
memory by CL 00001111 : 10100101 : mod reg rim 5 NP 

SHR - Shift Right 

reg by 1 1101 OOOw: 11 101 reg 1 PU 
memory by 1 1101 OOOw: mod 101 rIm 3 PU 
reg by CL 1101 001w: 11 101 reg 4 NP 
memory by CL 1101 001w: mod 101 rim 4 NP 
reg by immediate count 1100 OOOw: 11 101 reg: immB data 1 PU 
memory by immediate count 1100 OOOw: mod 101 rim: immB data 3 PU 
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Table F-2. Integer Clock Count Summary (Contd) 
Instruction Format Clocks Notes Pairing 

SHRD - Double Precision Shift Right 

register by immediate count 0000 1111 : 1010 1100: 11 reg2 regl : immB 4 NP 
memory by immediate count 0000 1111 : 1010 1100: mod reg rim: immB 4 NP 
register by CL 0000 1111: 1010 1101: 11 reg2 regl 4 NP 
memory by CL 0000 1111: 1010 1101: mod reg rim 5 NP 

SlOT - Store Interrupt 0000 1111 : 0000 0001 : mod 001 rim 4 NP 
Descriptor Table Register 

SLOT - Store Local Descriptor Table Register 

to register 0000 1111 : 0000 0000 : 11 000 reg 2 NP 
to memory 0000 1111 : 0000 0000 : mod 000 rim 2 NP 

SMSW - Store Machine Status Word NP 
to register 0000 1111 : 0000 0001 : 11 100 reg 4 

to memory 0000 1111 : 0000 0001 : mod 100 rim 4 

STC - Set Carry Flag 1111 1001 2 NP 
STD - Set Direction Flag 11111101 2 NP 
STI- Set Interrupt Flag 11111011 7 

STOS/STOSB/STOSW/STOSD 1010 101w 3 NP 
- Store String Data 

STR - Store Task Register NP 
to register 0000 1111 : 0000 0000 : 11 001 reg 2 

to memory 0000 1111 : 00000000 : mod 001 rim 2 

SUB - Integer Subtraction UV 

regl to reg2 0010 100w: 11 regl reg2 1 

reg2 to regl 0010 101w: 11 regl reg2 1 

memory to register 0010 101w: mod reg rim 2 

register to memory 0010 100w: mod reg rim 3 U/L 

immediate to register 1000 OOsw : 11 101 reg: immediate data 1 

immediate to accumulator 0010 110w: immediate data 1 

immediate to memory 1000 OOsw: mod 101 rim: immediate data 3 U/L 

TEST - Logical Compare 

regl and reg2 1000 010w: 11 regl reg2 2 UV 

memory and register 1000 010w: mod reg rIm 1 UV 

immediate and register 1111 011 w : 11 000 reg: immediate data 1 NP 
immediate and accumulator 1010 IOOw: immediate data 1 UV 

immediate and memory 1111 011w : mod 000 rIm: immediate data 2 NP 

VERR - Verify a Segment for Reading 

register 0000 1111 : 0000 0000: 11 100 reg 7 NP 
memory 0000 1111 : 0000 0000 : mod 100 rIm 7 NP 

VERW - Verify a Segment for Writing 

register 0000 1111: 0000 0000: 11101 reg 7 NP 

memory 0000 1111 : 0000 0000: mod 101 rIm 7 NP 
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INSTRUCTION FORMAT AND TIMING 

Table F-2. Integer Clock Count Summary (Contd) 

Instruction Format Clocks Notes Pairing 

WAIT-Wait 10011011 III NP 

WBINVD - Write back and 0000 1111 : 0000 1001 2000+ NP 
Invalidate Data Cache 

WRMSR - Write to Model- 0000 1111 : 0011 0000 30-45 MN/MX NP 
Specific Register 

XADD - Exchange and Add NP 

regl, reg2 00001111 : 1100 OOOw: 11 reg2 regl 3 

memory, reg 00001111 : 1100 OOOw: mod reg rIm 4 UlL 

XCHG - Exchange RegisterlMemory with Register NP 

regl with reg2 1000 011w: 11 regl reg2 3 2 

accumulator with reg 1001 o reg 2 2 

memory with reg 1000 011w: mod reg rIm 3 2 

XLATIXLATB - Table Look-up 1101 0111 4 NP 
Translation 

XOR - Logical Exclusive OR UV 

regl to reg2 0011 OOOw : 11 regl reg2 1 

reg2 to regl 0011 001 w: 11 regl reg2 1 

memory to register 0011 001w : mod reg rIm 2 

register to memory 0011 OOOw : mod reg rIm 3 UlL 

immediate to register 1000 OOsw : 11 110 reg: immediate data 1 

immediate to accumulator 0011 010w : immediate data 1 

immediate to memory 1000 OOsw : mod 110 rIm: immediate data 3 U/L 
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Table F-2. Integer Clock Count Summary (Contd) 

Instruction Format Clocks Notes Pairing 

Prefix Bytes 

address size 01100111 1 

LOCK 11110000 1 

operand size 01100110 1 

CS segment override 00101110 1 

DS segment override 00111110 1 

ES segment override 00100110 1 

FS segment override 01100100 1 

GS segment override 01100101 1 

SS segment override 00110110 1 

External Interrupt INT + 14 21 

NMI - Non-Maskable Interrupt INT +6 21 

Page Fault INT + 40 21 

Virtual 8086 Mode Exceptions 

CLI INT + 9 21 
STI INT + 9 21 
INTn INT + 9 
PUSHF INT + 9 21 
POPF INT+ 9 21 
IRET INT + 9 
IN 

fixed port INT + 34 21 
variable port INT + 34 21 

OUT 
fixed port INT + 34 21 
variable port INT + 34 21 

INS INT + 34 21 
OUTS INT + 34 21 
REP INS INT + 34 21 
REP OUTS INT + 34 21 

NOTES: 

1. Clock counts apply to PLO and PL 1-3, respectively .. 
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F.2. 1/0 INSTRUCTION FORMAT AND TIMING 

Table F-3. I/O Instructions Clock Count Summary 
Protected Protected 

Mode Mode Virtual 
Real CPL:;; CPl>1 8086 

Instruction Format Mode IOPL OPL Mode Notes 

IN -Input from: 

fixed port 1110010w pori 7 4 21 19 
number 

variable port 1110 11 Ow 7 4 21 19 

OUT - Output to: 

fixed port 1110011w: port 12 9 26 24 
number 

variable port 1110111w 12 9 26 24 

INS - Input from OX Port 0110110w 9 6 24 22 

OUTS - Output to OX Port 0110111w 13 10 27 25 1 

REP INS -Input String 11110011: 0110 11 +3c 8 + 3c 25 +3c 23 +3c 2 
110w 

REP OUTS - Output String 11110011: 0110 13 + 4c 10 + 4c 27 + 4c 25 + 4c 3 
l11w 

NOTES: 

1. Two clock cache miss penalty in all cases. 

2. c = count in CX or ECX 

3. Cache miss penalty in all modes: Add 2 clocks for every 16 bytes. Entire penalty on second operation. 

F.3. FLOATING-POINT INSTRUCTION FORMAT AND TIMING 
The following sections explain how to use the columns of Table F-5. 

F.3.1. Format 

Instructions for the FPU assume one of the five forms shown in Table F-4. In all cases, 
instructions are at least two bytes long and begin with the bit pattern 11011. 
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Table F-4. General Floating-Point Instruction Format 

First Byte 

2 

3 

4 

5 

11011 

11011 

11011 

11011 

11011 

15-11 

d 

0 

0 

10 

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

P =' Pop 
o - Do not pop stack 

OPA 

MF 

P 

0 

1 

9 

1 - Pop stack after operation 

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

1 

OPA 

OPA 

1 

1 

8 

R XOR d=,O - Destination OP Source 
R XOR d = 1 - Source OP Destination 

ST(i) = Register stack element j 
000 = Stack Top 
001 =' Second stack element 

111 =' Eighth stack element 

Instruction 

Second Byte 

mod 1 OPB rim 

mod OPB rim 

1 1 OPB IR ST(i) 

1 1 1 OP 

1 1 1 OP 

7 6 5 4 3 2 1 0 

Optional Fields 

s-i-b disp 

s-i-b disp 

The mod (mode field) and rIm (register/memory specifier) have the same interpretation as 
the corresponding fields of the integer instructions. The s-i-b (scale index base) and disp 
(displacement) are optionally present in instructions that have mod and rIm fields. Their 
presence depends on the values of mod and rIm, as for integer instructions. 

F.3.2. Clock Counts 

Two' clock counts separated by a slash (I) are the latency and throughput, respectively. 
Throughput may be less than latency due to pipelining. 

Two clock counts separated by a dash indicate a range of possible timings. 
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F.3.3. Notes 

1. If CW.PC indicates 24-bit precision, subtract 20 clocks. If CW.PC indicates 53-bit 
precision, subtract 6 clocks. 

2. If there is a numeric error pending from a previous instruction, add 60 clocks. 

3. FXCH takes 0 clocks when paired. Second FXCH will pair in V-pipe if two FXCH 
instructions are issued back-to-back. 

4. FMUL followed by FMUL has throughput of 2. 

F.3.4. Pairing 

FX - Pairs with FXCH 

NP - No pairing. 
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Table F-S. Floating-Point Clock Count Summary 

Instruction Format Clocks Notes Pairing 

F2XM1 - Compute 2ST(O) - 1 11011 001 : 1111 0000 13-57 NP 

FABS - Absolute Value 11011001: 11100001 III FX 

FADD-Add FX 

ST(O) f- ST(O) + 32-bit memory 11011 000: mod 000 rIm 3/1 

ST(O) f- ST(O) + 64-bit memory 11011 100: mod 000 rIm 3/1 

ST(d) f- ST(O) + ST(i) 11011 dOD: 11 000 ST(i) 3/1 

FADDP - Add and Pop FX 

ST(O) f- ST(O) + ST(i) 11011110: 11 000 ST(i) 3/1 

FBLD - Load Binary Coded Decimal 11011111: mod 100 rIm 48-58 NP 

FBSTP - Store Binary Coded Decimal and Pop 11011111: mod 110 rIm 148-154 NP 

FCHS - Change Sign 11011001: 11100000 III FX 

FCLEX - Clear Exceptions 11011011: 11100010 9/9 2 NP 

FCOM - Compare Real FX 
32-bit memory 11011 000: mod 010 rIm 4/1 

64-bit memory 11011 100: mod 010 rIm 4/1 

ST(i) 11011 000 : 11 010 ST(i) 4/1 

FCOMP - Compare Real and Pop FX 
32-bit memory 11011 OOO:modOll rIm 4/1 

64-bit memory 11011 100: mod 011 rIm 4/1 

ST(i) 11011 000 : 11 011 ST(i) 4/1 

FCOMPP - Compare Real and Pop Twice 11011110: 11 011 001 4/1 

FCOS - Cosine of ST(O) 11011 001 : 1111 1111 18-124 NP 

FDECSTP - Decrement Stack-Top Pointer 11011 001 : 1111 0110 III NP 

FDIV - Divide FX 
ST(O) f- ST(O) -;. 32-bit memory 11011 000: mod 110 rIm 39 1 

ST(O) f- ST(O) -;. 64-bit memory 11011100: mod 110 rIm 39 1 

ST(d) f- ST(O) -;. ST(i) 11011 dOD: 1111 R ST(i) 39 1 

FDIVP - Divide and Pop FX 
ST(O) f- ST(O) -;. ST(i) 11011110: 11111 ST(i) 39 1 

FDIVR - Reverse Divide FX 
ST(O) f- 32-bit memory -;. ST(O) 11011000: mod 111 rIm 39 1 

ST(O) f- 64-bit memory -;. ST(O) 11011 100: mod 111 rIm 39 1 

ST(d) f- ST(i) -;. ST(O) 11011 dOD: 1111 R ST(i) 39 1 

FDIVRP - Reverse Divide and Pop FX 
ST(O) f- ST(i) -;. ST(O) 11011 110: 1111 0 ST(i) 39 1 

FFREE - Free ST(i) Register 11011101: 1100 0 ST(i) III NP 

FIADD - Add Integer NP 
ST(O) f- ST(O) + 16-bit memory 11011110: mod 000 rIm 7/4 

ST(O) f- ST(O) + 32-bit memory 11011010: mod 000 rIm 7/4 
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Table F-S. Floating-Point Clock Count Summary (Contd.) 

Instruction Format Clocks Notes Pairing 

FICOM - Compare Integer NP 

16-bit memory 11011110:modOl0r/m 8/4 

32-bit memory 11011010: mod 010 rIm 8/4 

FICOMP - Compare Integer and Pop NP 

16-bit memory 11011110:modOll rIm 8/4 

32-bit memory 11011010: mod 011 rIm 8/4 

FIOIV NP 

ST(O) r ST(O) + 16-bit memory 11011110:modll0r/m 42 1 

ST(O) r ST(O) + 32-bit memory 11011010: mod 110 rIm 42 1 

FIOIVR NP 

ST(O) r ST(O) + 16-bit memory 11011110:modlll rIm 42 1 

ST(O) r ST(O) + 32-bit memory 11011010: mod 111 rIm 42 1 

FILO - Load Integer NP 

16-bit memory 11011111 : mod 000 rIm 3/1 

32-bit memory 11011 011 : mod 000 rIm 3/1 

64-bit memory 11011111: mod 101 rIm 3/1 

FIMUL NP 

ST(O) r ST(O) + 16-bit memory 11011110:modOOl rIm 7/4 

ST(O) r ST(O) + 32-bit memory 11011010: mod 001 rIm 7/4 

FINCSTP - Increment Stack Pointer 11011001: 1111 0111 1/1 NP 

FINIT -Initialize Floating-Point Unit 11011011: 11100011 16112 2 NP 

FIST - Store Integer NP 

Hi-bit memory 1 1 Ul 1 1 l' : moa UlU rim lilli 

32-bit memory 11011011: mod 010 rIm 6/6 

FISTP - Store Integer and Pop NP 

16-bit memory 11011 111 : mod 011 rIm 6/6 

32-bit memory 11011 011 : mod 011 rIm 6/6 

64-bit memory 11011111: mod 111 rIm 6/6 

FISUB NP 

ST(O) r ST(O) + 16-bit memory 11011110: mod 100 rIm 7/4 

ST(O) r ST(O) + 32-bit memory 11011010: mod 100 rIm 7/4 

FISUBR NP 

ST(O) r ST(O) + 16-bit memory 11011110: mod 101 rIm 7/4 

ST(O) r ST(O) + 32-bit memory 11011010: mod 101 rIm 7/4 

FLO - Load Real 

32-bit memory 11011 001 : mod 000 rIm 1/1 FX 

64-bit memory 11011 101 : mod 000 rIm 1/1 FX 

80-bit memory 11011011: mod 101 rIm 3/3 NP 

ST(i) 11011 001 : 11 000 ST(i) 1/1 FX 
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Table F-S. Floating-Point Clock Count Summary (Contd.) 

Instruction Format Clocks Notes Pairing 

FLD1 - Load +1.0 into ST(O) 11011 001 : 11101000 2/2 NP 

FLDCW - Load Control Word 11011 001 : mod 101 rim 7/7 NP 

FLDENV - Load FPU Environment 11011 001 : mod 100 rim NP 

real and v86 modes, 16-bit address 37 
real and v86 modes, 32-bit address 37 
protected mode, 16-bit address 32 
protected mode, 32-bit address 33 

FLDL2E - Load 1092(£) into ST(O) 11011001: 1110 1010 5/3 NP 

FLDL2T - Load 1092(10) into ST(O) 11011001: 1110 1001 5/3 NP 

FLDLG2 - Load 10910(2) into ST(O) 11011001: 1110 1100 5/3 NP 

FLDLN2 - Load logd2) into ST(O) 11011001: 1110 1101 5/3 NP 

FLDPI - Load 1t into ST(O) 11011001: 1110 1011 5/3 NP 

FLDZ - Load +0.0 into ST(O) 11011001: 1110 1110 2/2 NP 

FMUL - Multiply FX 

ST(O) f- ST(O) x 32-bit memory 11011 000: mod 001 rim 3/1 4 

ST(O) f- ST(O) x 64-bit memory 11011 100: mod 001 rim 3/1 4 

ST(d) f- ST(O) x ST(i) 11011 dOO: 1100 1 ST(i) 3/1 4 

FMULP - Multiply FX 

ST(O) f- ST(O) x ST(i) 11011110: 1100 1 ST(i) 3/1 

FNOP - No Operation 11011001: 1101 0000 1/1 NP 

FPATAN - Partial Arctangent 11011 001 : 1111 0011 19-134 NP 

FPREM - Partial Remainder 11011001: 11111000 16-64 NP 

FPREM1 - Partial Remainder (IEEE) 11011001: 1111 0101 20-70 NP 

FPTAN - Partial Tangent 11011 001 : 1111 0010 17-173 NP 

FRNDINT - Round to Integer 11011001: 11111100 9-20 

FRSTOR - Restore FPU State 11011 101 : mod 100 rim NP 

real and v86 modes, 16-bit address 75/75 
real and v86 modes, 32-bit address 95/95 
protected mode, 16-bit address 70/70 
protected mode, 32-bit address 70/70 

FSAVE - Store FPU State 1101101 :mod110r/m NP 

real and v86 modes, 16-bit address 127/127 2 
real and v86 modes, 32-bit address 151/1 2 
protected mode, 16-bit address 51 2 
protected mode, 32-bit address 124/1 2 

24 
124/1 

24 

FSCALE - Scale 11011 001 : 1111 1101 20-31 NP 

FSIN -Sine 11011001: 11111110 16-126 NP 

FSINCOS - Sine and Cosine 11011001: 11111011 17-137 NP 
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INSTRUCTION FORMAT AND TIMING 

Table F-5. Floating-Point Clock Count Summary (Contd.) 
Instruction Format Clocks Notes Pairing 

FSQRT - Square Root 11011001: 11111010 70/70 NP 

FST - Store Real NP 

32-bit memory 11011001: mod 010 rIm 2/2 

64-bit memory 11011101: mod 010 rIm 212 

STeil 11011101: 11 010ST(i) 1/1 

FSTCW - Store Control Word 11011001: mod 111 rIm 212 2 NP 

FSTENV - Store FPU Environment 11011001: mod 110 rIm NP 

real and v86 modes, 16-bit address 50/50 2 
real and v86 modes, 32-bit address 48/50 2 
protected mode, 16-bit address 49/50 2 
protected mode, 32-bit address 50/50 2 

FSTP - Store Real and Pop NP 

32-bit memory 11011001: mod 011 rIm 212 

64-bit memory 11011101 :mod011 rIm 212 

80-bit memory 11011011: mod 111 rIm 3/3 

STeil 11011101: 11 011 STeil 111 

FSTSW - Store Status Word 11011111: 11100000 6/2 2 NP 
into AX 

FSTSW - Store Status Word into Memory 11011101: mod 111 rIm 5/2 2 NP 

FSUB - Subtract FX 

ST(O) f- ST(O) - 32-bit memory 11011 000: mod 100 rIm 3/1 

ST(O) f- ST(O) - 64-bit memory 11011100:mod100r/m 3/1 

ST(d) f- ST(O) - STeil 11011 dOO: 1110 R STeil 3/1 

t'Siiiii=' - Suimac[ ana i='op I-X 

ST(O) f- ST(O) - STeil 11011110: 1110 1 STeil 3/1 

FSUBR - Reverse Subtract FX 

ST(O) f- 32-bit memory - ST(O) 11011 000: mod 101 rIm 3/1 

ST(O) f- 64-bit memory - ST(O) 11011 100: mod 101 rIm 3/1 

ST(d) f- STeil - ST(O) 11011 dOO: 1110 R STeil 3/1 

FSUBRP - Reverse Subtract and Pop FX 

STeil f- STeil - ST(O) 11011 110: 11100 STeil 3/1 

FTST-Test 11011001: 11100100 4/1 FX 

FUCOM - Unordered Compare Real 11011 101 : 1110 0 STeil 4/1 FX 

FUCOMP - Unordered Compare 11011 101 : 1110 1 STeil 4/1 FX 
and Pop 

FUCOMPP - Unordered Compare 11011010: 1110 1001 4/1 FX 
and Pop Twice 

FXAM - Examine 11011001: 11100101 21/21 NP 

FXCH - Exchange ST(O) and ST(i) 11011001: 1100 1 STeil 1 
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Table F-S. Floating-Point Clock Count Summary (Contd.) 
Instruction Format Clocks Notes Pairing 

FXTRACT - Extract Exponent 11011001: 1111 0100 13/13 NP 
and Significand 

FYL2X - ST(1) x lo92(ST(0» 11011001: 1111 0001 22-111 NP 

FYL2XP1 - ST(1) x lo92(ST(0) + 1.0) 11011001: 11111001 22-103 NP 

FWAIT - Wait until FPU Ready 1001 1011 1/1 
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APPENDIX G 
REPORT ON TRANSCENDENTAL FUNCTIONS 

The Pentium microprocessor employs a new set of algorithms to implement its 
transcendental instructions. This chapter includes: 

• A brief introduction to the algorithms 

• A summary of their accuracy, monotonicity, and speed characteristics 

• A description of the verification effort to validate the accuracy and mono tonicity of the 
implemented algorithms 

G.1. INTRODUCTION 
There are two traditional classes of algorithm for implementing elementary transcendental 
functions. 

The first class transforms an input argument to one with very small magnitude. An 
approximation to the function at that small argument is obtained by simple calculation, 
typically a couple of adds with a multiplication or division. Finally, the desired result is 
obtained by another transformation. This class of algorithm is referred to as CORDIC and has 
the characteristic that the underlying operations are very simple, typically involving only 
shifts and fixed-point additions. The bulk of the work in a CORDIC algorithm lies in the 
initial and final transformations, and the performance of the algorithm is limited by the 
sequential nature of the long series of shifts and adds. For descriptions of CORDIC 
algorithms, see [6, 7, 10]. There are several examples of microprocessors (including the 
Intel486 microprocessor) that implement these algorithms using on-chip hardware and 
firmware. 

The second class of algorithm employs a rather simple transformation on an input argument, 
reducing it to one of moderate magnitude. To approximate the function value at the 
transformed argument, a polynomial or a rational function is evaluated at that point. To 
obtain roughly 64 bits of accuracy, a typical polynomial or rational function would require 
roughly 10 floating-point multiplications and additions, and one additional division if a 
rational function is used. Finally, a simple transformation is applied to create the value 
desired. These algorithms do not have a name analogous to CORDIC; they can simply be 
called polynomial-based algorithms. The bulk of the work here lies in the second step that 
involves a polynomial or rational function evaluation. For descriptions of this class of 
algorithm, see [2, 4]. 

In the past, hardware implementations of elementary functions mostly employed CORDIC 
algorithms because of their relatively simple hardware requirements. Recent hardware 
advancements resulting in the high speed of basic floating-point operations have made it 
possible and advantageous to implement polynomial-based algorithms. 
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REPORT ON TRANSCENDENTAL FUNCTIONS 

The algorithms for the transcendental functions on the Pentium microprocessor can be 
thought of as a middle ground between the two approaches. By using tables of function 
values stored in ROM, one can significantly shorten the polynomial calculations that would 
normally be required in a polynomial-based algorithm. This class of algorithm is usually 
referred to as table-driven. Table-driven algorithms are by no means new, and recent uses for 
them can be found in [1, 3, 5, 8]. Such algorithms have been implemented in software 
libraries in the past, but never before on-chip. Although such algorithms require a moderate 
amount of ROM space and a small increase in argument reduction complexity, they offer a 
number of important advantages, especially if implemented on-chip. These are: 

1. Accuracy. The combination of simple argument reduction and small reduced arguments 
leads to highly accurate final results. Also, access to internal data paths that are wider 
than the paths available to a software library further enhances the accuracy. 

2. Monotonicity. The high accuracy also leads to monotonicity. 

3. Proof of correctness. Rigorous error analyses become straightforward and also lead to 
tight error bounds. 

4. Performance. The overall implementation algorithm leads to higher performance due to 
several reasons. The simple core calculations are marked by short polynomials. Access 
to microprogramming at the low level afforded within the Pentium processor chip 
provides richer parallelism and control flow than that available to software libraries. The 
striking simplicity of the implementation adds no additional critical paths to the chip, 
allowing the clock rate to be taken to the limit imposed by other features. 

G.2. SUMMARY OF ACCURACY, MONOTONICITY AND SPEED 

G.2.1. Accuracy 
Accuracy is measured in terms of units in the last place (ulp). For a given argument x, letfix) 
and F(x) be the correct and computed function values respectively. The error in ulps is 
defined to be 

I f(x) - F(x) I 
2k - 63 

where k is an integer such that 1 ~ r"i(x) < 2. Note that even if F(x) is the same as fix) 
correctly rounded to 64 significant bits, the worst-case error is 112 ulp when rounding in 
nearest mode. An implementation F(x) is considered extremely satisfactory if the worst-case 
error is under 1 ulp. 

On the Pentium microprocessor, the worst case error on all transcendental functions is less 
than 1 ulp when rounding in nearest mode, and less than 1.5 ulps when rounding in other 
modes. This is summarized in Table G-l. 
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Table G-1. Summary of Accuracy 

Function Round to Nearest Mode All Other Rounding Modes 

All functions Worst case error is less than 1 ulp. Worst case error is less than 1.5 ulp. 

G.2.2. Monotonicity 

For a given argument x with x_ and x+ as its lower and upper neighbors, the implemented 
function F is monotonic with respect to its input argument if. .. 

F(x_)::;; F(x)::;; F(x+), ifJis increasing at x, 

or if... 

F(x_) 2': F(x) 2': F(x+), if J is decreasing at x. 

The functions are guaranteed to be monotonic with respect to the input operands throughout 
the domain supported by the instruction. 

G.2.3. Speed 

The speed is described by specifying the latency in terms of clock counts. The latency varies 
from function to function, with typical performance from 54 to 115 clocks. Table G-2 
summarizes the latency of each of the functions. Three clock count numbers are provided. 
The first number is for special operands such as zero or infinity; the second and third 
numbers are the lower and upper bounds for non-special operands in the domain. For 
example, for FYL2X, when x = 0, the processor takes 22 clocks, and it takes 104 and 114 
clocks when Ix - 11 2': 1/8 and when Ix - 11 < 1/8 respectively. 

G.3. VERIFICATION SUMMARY 

A rigorous mathematical error analysis was performed for each function. Furthermore, a 
comprehensive verification program was undertaken to confirm the correctness of the error 
analysis (and consequently the accuracy and monotonicity characteristics) of the 
implemented algorithms. 
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Table G-2. Speed of Functions at Typical Arguments 

Function Latency* (clocks) Function Latency* (clocks) 

F2XM1 13,54,60 FSIN 12,59,126 

FCOS 14,59,126 FSINCOS 13,83,138 

FPATAN 19,98,137 FPTAN 13,115,174 

FYL2X 22,104,114 FYL2XP1 22, 103, 106 

'The first number is for special operands, such as zero or infinity; the second and third numbers are the lower 
and upper bounds for nonspecial operands in the domain. 

For each function, an average of 8500 specially chosen points were used to compare the 
results from the Pentium microprocessor against a set of results that are accurate to about 112 
bits, derived from the VAX* VMS* H-functions Math Library. In addition, about 300 million 
points were randomly chosen for accuracy testing in a manner such that each binade of the 
input domain was covered; i.e., test points were chosen to cover intervals corresponding to 
each exponent value of the input domain. 

For all cases tested, the actual error was found to lie below the bound obtained by the 
theoretical error analysis. Figure G-1 through Figure G-22 are ulp plots that illustrate this 
characterization information. For a given argument in the X-axis, a dot is printed to indicate 
the error in ulps of the function at that argument. Of particular interest are the peaks and the 
envelopes of these plots. The scatter plot characteristics observed track the error analyses 
closely. Table G-3 summarizes the number of arguments tested. 

Table G-3. Number of Arguments Used in Accuracy Tests 

Function No. of Arguments (Million) Function No. of Arguments (Million) 
I 

t-YLLX 35 FYL2XP1 28 

FSIN 28 FCOS 37 

FSINCOS 54 FPTAN 37 

FPATAN 50 F2XM1 30 

All the functions were tested for monotonicity. A total of about 145 million points were used 
for mono tonicity characterization. No failures were found. Table G-4 summarizes the 
number of arguments tested. 
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Table G-4. Number of Arguments Used in Monotonicity Tests 

Function No. of Arguments (Million) Function No. of Arguments (Million) 

FYL2X 30 FYL2XP1 18 

FSIN 4 FCOS 8.5 

FSINCOS 24.5 FPTAN 23.5 

FPATAN 10 F2XM1 26 
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G.4. seATTER PLOTS 
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APPENDIX H 
ADVANCED FEATURES 

Some non-essential information regarding the Pentium processor are considered Intel 
confidential and proprietary and have not been documented in this publication. This 
information is provided in the Supplement to the Pentium® Processor Developer's Manual 
and is available with the appropriate non-disclosure agreements in place. Please contact Intel 
Corporation for details. 

The Supplement to the Pentium® Processor Developer's Manual contains Intel confidential 
information on architecture extensions to the Pentium processor which are non-essential for 
standard applications. This includes low-level registers that provide access to such features as 
page size extensions, virtual mode extensions, testing and performance monitoring. 

This information is specifically targeted at writers of the following types of software: 

• Operating system kernels 

• Virtual memory managers 

• BIOS software 

If you are writing software that does not fall into one of these categories, this information is 
non-essential and all required programming details are contained in the publicly available 
Pentium® Processor Developer's Manual, three-volume set. 
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131 National BUsiness m~~~g~)6~:o~g~~9 

Suite 401 

SuHe 208·RCO Parkway Brookfield 53005 

Solana Beach 92075 Suite 200 Tel: (800) 628·8686 
Annapolis JUnction 20701 OREGON FAX: (414) 789·2746 

Intel Corp. Tel: (800) 628·8686 

1~~~~ ~'WGreenbrier 300 N. Continental FAX: (301) 206·3678 CANADA Boulevard 
Suite 100 MASSACHUSETTS Pkwy. 

EI Segundo 90245 
~t~~~~sYeoW~ad 

Building B BRITISH COLUMBIA 
Tel: (800) 628·8686 Beaverton 97006 
FAX: (310) 640·7133 Tel: (800) 628·8686 Intel 01 Canada, Ltd. 

2nd Floor TWX: 910-467·8741 999 Canada Place 
COLORADO Westford 01886 FAX: (503) 645·8181 Suite 404 

*+I"t .. lr ....... 
~~I,:v(~2~h ~2~~B,..~s..~ nr!I.''''OI''V' " ... " .. 

~uite 11 

FAX:-(50ii)-392~3B67 
. -.... -.-." ... ~ Vi:1llL:ouyer YO"'" ;jt:0:: 

600 South'Cherry Street *tlntel Corp. 
Tel: (800) 628·8686 

Suite 700 FAX: (604) 844·2813 
Denver 80222 MICHIGAN 925 Harvest Drive 
Tel: (800) 628·8686 Suite 200 ONTARIO 
TWX: 910·931·2289 Intel Corp. Blue Bell 19422 

FAX: (303) 322·8670 32255 North Western Hwy. Tel: (800) 628·8686 tlntel of Canada, Ltd. 
Suite 212, Tri Atria FAX: (215) 641-0785 2650 Oueensview Drive 

CONNECTICUT Farmington Hifls 48334 Suite 250 

Ttk~~~OJ3W5~~87670 
SOUTH CAROLINA Ottawa K2B 8H6 

!~n~l~ C~~/~iebUry Road ~~o1 ~~~~iane Road 

Tel: (800) 628·8686 

MINNESOTA 
FAX: (613) 820-5936 

Suite 311 
Danbury 06811 Suite 4 tlntel 01 Canada, Ltd. 

Tel: (800) 628·8686 tlntel Corp. Columbia 29223 190 Atlwetl Drive 

FAX: (203) 778·2168 3500 West 80th Street Tel: (800) 628·8686 Suite 500 
Suite 360 FAX: (803) 788·7999 Rexdale M9W 6H8 

FLORIDA Bloomington 55431 Intel Corp. 
Tel: (800) 628·8686 

Tel: (800) 628·8686 FAX: (416) 675·2438 

~~J~;~r~'illsboro Blvd. 
TWX: 910·576·2867 100 Executive Center 
FAX: (612) 831-6497 Drive QUEBEC 

Suite 348 Suite 109. BI83 

Deerfield Beach 33441 NEW JERSEY Greenville 29615 tinter of Canada, Ltd. 

Tel: (800) 628-8686 Tel: (800) 628·8686 1 Rue Holiday, Tour West 

FAX: (305) 421·2444 Inter Corp. FAX, (803) 297·3401 Suite 320 
2001 Route 46 Pt. Claire H9R 5N3 
Suite 310 Tel: (800) 628·8686 
Parsippany 07054 FAX: 514·694·0064 
Tel: (800) 628·8686 
FAX: (201) 402·4893 

* Field Application Location 
t Sales and Service Office 



in~® 
NORTH AMERICAN DISTRIBUTORS 

ALABAMA CALIFORNIA AVnet Computer Wyla Laboratories :'~'~:~f~::~rl~~nue 1175 Bordeaux Drive 2951 Sunrise 
Anthom Eloctronlcs Anthem ElectronIcs Suite A Boulevard Thornton 8024 t 
600 Boulevard South 9131 Oakdale Avenue Sunnyvale 94089 Suite 175 Tel: (303) 457-9953 
Suite 104F & H Chatsworth 91311 Tel: (800) 426-7999 Rancho Cordova 95742 FAX: (303) 457-4831 
Huntsville 35802 Tel: (818) 775-1333 Hall-Mark Computer Tel: (916) 638-5282 

CONNECTICUT Tel: (205) 883-3519 FAX: (818) 775-1302 
21150 Califa Street 

FAX: (916) 638-1491 

Arrow/Schwaber Anthem Electronics Woodland Hills 91367 Wyla Laboratories Anthem Electronics 
Electronics 1 Oldfield Drive Tel: (800) 409-1483 9525 Chesapeake 61 Mattatuck Heights 
1015 Henderson Road Irvine 92718-2809 Hall-Mark Computer Drive Road 
Huntsville 35805 Tel: (714) 768-4444 San Diego 92123 Waterourg 06705 
Tel: (205) 837-6955 FAX: (714) 768-6456 15950 Bernardo Center Tel: (619) 565-9171 Tel: (203) 575-1575 
FAX: (205) 721-1581 Drive FAX: (619) 365-0512 FAX: (203) 596-3232 

Anthem Electronics SUiteC 
Hall-Mark Computer 580 Menlo Drive San Diego 92127 Wylo laboratories Arrow/Schweber 
4890 University Square Suite 8 Tel: (800) 409-1483 3000 Bowers Avenue Electronics 
Hunlsville 35816 Rocklin 95677 

Hall·Mark Computar 
Santa Clara 95051 12 Beaumont Road 

Tel: (800) 409-1483 Tel: (916) 624-9744 Tel: (408) 727-2500 Wallingford 06492 
FAX: (916) 624·9750 1175 Bordeaux Drive FAX: (408) 727-5896 Tel: (203) 265-7741 Hamilton Hallmark Sunnyvale 94089 FAX: (203) 265-7988 4890 University Square Anthem Electronics Tel: (800) 409·1483 Wyle Laboratories 

Suite 1 9369 Carroll Park Drive Hall·Mark Computer 
17872 Cowan Avenue Hall·Mark Computer 

Huntsville 35816 San Diego 92121 Irvine 92714 Still RIVer Corporate 

~~~~~g~~)8~~o~~2~5 Tel: (619) 453-9005 1 Mauchly Tel: (714) 863·9953 Center 
FAX: (619) 546-7893 Irvine 92718 FAX: (714) 263-0473 55 Federal Road 

~~os~~~~r:t:cg~~e 
Tel: (800) 409-1483 

Wyle Laboratories 
Danbury 06810 

Anthem Electronics 
Hall·Mark Computer Tel: (800) 409-1483 

1160 Ridder Park Drive 26010 Mureau Road 
Suite 120 San Jose 95131 580 Menlo Drive Suite 150 Hamilton Hallmark 
Huntsville 35805 Tel: (408) 453-1200 Suite 2 Calabasas 91302 125 Commerce Court. 
Tel: (205) 830-9526 FAX: (408) 441·4504 Rocklin 95765 Tel: (818) 880-9000 Unit 6 
FAX: (205) 830-9557 Tel: (800) 409-1483 FAX: (818) 880-5510 Cheshire 06410 

Arrow Commercial 
Hamilton Hallmark Tel: (203) 271-2844 Pionoer Technologies System Group Zeus Arrow 

Group 1502 Crocker Avenue 3170 Pullman Street Electronics 
FAX: (203) 272-1704 

4835 University Square ~:t(;I~)9:i:'~371 
Costa Mesa 92626 6276 San Ignacio Pioneer Standard 

SuiteS Tel: (714) 641-4100 Avenue 2 Trap Falls Road 
Huntsville 35805 FAX: (510) 489·9393 FAX: (714) 641-4122 Suite E Shelton 06484 
Tel: (205) 837-9300 

Arrow Commercial Hamilton Hallmark San Jose 95119 Tel: (203) 929-5600 
FAX: (205) 837-9358 2105 Lundy Avenue Tel: (408) 629-4689 

System Group 
San Jose 95131 FAX: (408) 629-4792 FLORIDA 

Wyle Laboratories 14242 Chambers Road 
7800 Governers Drive Tustin 92680 Tel: (408) 435-3500 Zeus Arrow Anthem Electronics 
West Tel: (714) 544-0200 FAX: (408) 435-3720 Electronics 5200 Northwest 3rd 
Tower Building. 2nd FAX: (714) 731-8438 Hamilton Hallmark 6 Cromwell Street Avenue 
Floor 4545 Viewridge Avenue Suite 100 Suite 206 
Huntsville 35807 Arrow/Schweber San Diego 92123 Irvine 92718 Ft. Lauderdale 33309 
Tel: (205) 830-1119 Eloctronlcs Tel: (714) 581-4622 Tel: (305) 464-0990 

26707 West Agoura Tel: (619) 571-7540 
FAX: (205) 830-1520 

Road FAX: (619) 277-6136 FAX: (714) 454-4355 Anthem Electronics 
ARIZONA Calabasas 91302 Hamilton Hallmark COLORADO 598 South Northlake 

Tel: (818) 880-9686 21150 Califa Streel Boulevard 
Alliance Electronics FAX: (818) 772-8930 Woodland Hills 91367 Anthem Electronics Suite 1024 
7550 East Redfield 

Arrow/Schweber Tel: (818) 594-0404 373 Inverness Drive Altamonte Springs 
Road FAX: (818) 594-8234 South 32701 
Scottsdale 85260 Electronics Englewood 80112 Tel: (813) 797-2900 
Tel: (602) 261-7988 48834 Kato Road Hamilton Hallmark m~~~3~r?gO~~~2 FAX: (813) 796-4880 

Suite 103 580 Menlo Drive 
Anthem Electronics Fremont 94538 Suite 2 ArrowlSchweber 
1555 West 10th Place Tel: (510) 490-9477 Rocklin 95762 Arrow/schweber Electronics 
Suite 101 

Arrow/schweber Tel: (916) 624-9781 Electronics 400 Fairway Drive 

+:rr6eo~f~~~-66oo FAX: (916) 961-0922 61 Inverness Drive Suile 102 
Electronics East Deerlield Beach 33441 

FAX: (602) 966-4826 6 Cromwell Pioneer Standard Suile 105 Tel: (305) 429·8200 
Suite 100 5126 Clareton Drive f~n~~\,~gg·W58 FAX: (305) 428-3991 

Arrow/Schweber Irvine 92718 Suite 106 
Electronics Tel: (714) 838-5422 Agoura Hills 91301 FAX: (303) 373-5760 Arrow/Schweber 
2415 West Erie Drive FAX: (714) 454-4206 Tel: (818) 865-5800 ElectronIcs 
Tempe 85282 Avnet Computer 37 Skyline Drive 
Tel: (602) 431-0030 Arrow/schweber PIoneer Standard 9605 Maroon Circle Suite 3101 
FAX: (602) 252-9109 Electronics 217 Technology Drive Englewood 80111 Lake Mary 32746 

Avnat Computer 
9511 Ridgehaven Court Suite 110 Tel: (800) 426-7999 Tel: (407) 333-9300 
San Diego 92123 Irvine 92718 FAX: (407) 333-9320 1626 South Edwards Tel: (619) 565-4800 Tel: (714) 753-5090 Hall· Mark Computer 

Drive FAX: (619) 279·8062 9605 Maroon Circle ::1~o~~mcfr~~~0 Tempe 85281 Pioneer Technologies f~p:I(a'O~\,~gg.II~~3 Tel: (800) 426-7999 Arrow/schweber 
~~4'mo Robles 

Avenue 
Electronics Suil.203 

~:A~~s:~;~ft~WI:~e 1180 Murphy Avenue San Jose 95134 Hamilton Hallmark Maitland 32751 
San Jose 95131 Tel: (408) 954-9100 12503 East Euclid Tel: (800) 426-7999 

Phoenix 85040 Tel: (408) 441-9700 FAX: (408) 954-9113 Drive 
Tel: (800) 409-1483 FAX: (408) 453-4810 Suite 20 HalJ..Mark Computer 

Pioneer Standard 
Pioneer Standard f~p:I~~~~g8.\~~2 10491 72nd Street 

Avnet Computer 4370 La Jolla Village Nonh 1438 West Broadway 1 Mauchley Drive FAX: (303) 790-4991 Largo 34647 
Suite B-140 Irvine 92718 San Diego 92122 Tel: (800) 409-1483 

+:rr:O~f~~·9335 Tel: (800) 426·7999 Tel: (619) 546-4906 Hamilton Hallmark 
710 Wooten Road HalJ..Mark Computer 

HamIlton Hallmark 
Avnet Computer Wyle Laboratories Suite 28 13700 58th Street 
371 Van Ness Way 15370 Barranca Pkwy Colorado Springs North 

4637 South 36th Place Torrance 90501 Irvine 92713 80915 Suite 206 
Phoenix 85040 Tel: (800) 426-7999 Tel: (714) 753-9953 Tel: (719) 637-0055 Clearwater 34620 
Tel: (602) 437-1200 

Avnet Computer FAX: (714) 753-9877 FAX: (719) 637-0088 Tel: (800) 409-1483 
FAX: (602) 437-2348 

15950 Bernardo Center 
~~oL~:~~~:i~=wy ~~~~e~~e~~:o"o~~!~ Hamilton Hallmark Wyle Laboratories Drive 3350 N.Wesl53rd 4141 East Raymond Suite 6 Suite 200 Blvd. Street Phoenix 85040 San Diego 92127 Irvine 92713 Suite 201 Suite 105-107 

Tel: (602) 437·2088 Tel: (800) 426-7999 Tel: (714) 753-9953 Englewood 80111 Fl. Lauderdale 33309 
FAX: (602) 437-2124 FAX: (714) 753·9877 Tel: (303) 773-8090 ~~~~~~~~:~4~~g~5 



NORTH AMERICAN DISTRIBUTORS (Cont'd) 
Hamilton Hallmark ILLINOIS AVnst Computer Hamilton Hallmark Hamilton Hallmark 
10491 72nd Street 10809 Lakeview 10 D Centennial Drive 9401 James Avenue 
North Anthem Electronics Avenue Peabody 01960 South 
Largo 34647 1300 Remington Road Lenexa 66219 Tel: (508) 531-7430 Suile 140 
Tel: (813) 541-7440 Suite A Tel: (800) 426-7999 FAX: (508) 532-9802 Bloomington 55431 
FAX: (813) 544-4394 Schaumberg 60173 

Hamilton Hallmark Pioneer Standard 
Tel: (612) 881-2600 

Tel: (708) 884-0200 FAX: (612) 881-9461 
Hamilton Hallmark FAX: (708) 885-0480 10809 Lakeview 44 Hartwell Avenue 
7079 University Avenue Lexington 02173 Pioneer Standard 
Boulevard Arrow/Schweber Lenexa 66215 ~!~~~~M~~3:f2~7 7625 Golden Triangle 
Winter Park 32792 Electronics Tel: (913) 888-4747 Drive 
Tel: (407) 657-3300 1140 West Thorndale FAX: (913) 888-0523 

Wyle Laboratories 
Suite G 

FAX: (407) 678-4414 Road Eden Prairie 55344 
Itasca 60143 MARYLAND 5 Oak Park Drive Tel: (612) 944·3355 

Pioneer Technologies Tel: (708) 250-0500 Bedford 01803 FAX: (612) 944-3794 

~J~~orthlake Anthem Electronics Tel: (617) 271-9953 
Avnet Computer 7168A Columbia FAX: (617) 275-3809 Wyle Laboratories 

Boulevard 1124 Thorndale Gateway Drive 1325 East 79th Street 
Suite 1000 Avenue Columbia 21046 MICHIGAN Suite 1 
Alta Monte Springs Bensenville 60106 Tel: (800) 239-6039 Arrow/Schweber 

Bloomington 55425 
32701 Tel: (800) 426-7999 Tel: (612) 853-2280 
Tel: (407) 834-9090 Arrow Commercial Electronics FAX: (612) 853-2298 
FAX: (407) 834-0865 Hall-Mark Computer 

~K~t~: Gr,oa~~ay 
19880 Haggerty Road 

1124 Thorndale Livonia 48152 MISSOURI 
Pioneer Technologies Avenue Gaither~urg 20877 Tel: (800) 231-7902 
Group Bensenville 60106 Tel, (301) 670-1600 FAX: (313) 462-2686 Arrow/Schweber 
674 South Military Trail Tel: (800) 409-1483 FAX: (301) 670-0188 Avnet Computer 

Electronics 
Deerfield Beach 33442 2380 Schuetz Road 
Tel: (305) 428-8877 Hamilton Hallmark Arrow/Schweber 41650 Garden Brook Street Louis 63141 
FAX: (305) 481-2950 1130 Thorndale Electronics Road Tel: (314) 567-6888 

Avenue 9800J Patuxent Woods Suite 120 FAX: (314) 567-1164 
Wyle Laboratories Bensenville 60106 Drive Novi 48375 
1000 112th Circle North Tel: (800) 426-7999 Columbia 21046 Tel: (800) 426-7999 :;~:~TdOe7t~~ South Street Petersburg 

MTI Systems Sales Tel: (301) 596-7800 
~~~~~:~::&;~~~ 33716 FAX: (301) 995-6201 -F:r~8~~j :~g~~99 Suite 800 1140 West Thorndale 

Tel: (813) 579-1518 Avenue 
~~;:~~ru~~~er 

Road 
FAX: (813) 579-1518 Itasca 60143 Suite 120 ~;~~~~~~rCTr~rS~~h Tel: (708) 250-8222 Gateway Drive Novi 48375 
GEORGIA FAX: (708) 250-8275 SuiteG Tel: (800) 409-1483 -F:r~8~~j :3~~~83 
Anthem Electronics Pioneer Standard Columbia 21045 Hamilton Hallmark 

2400 Pleasant Hill 2171 Executive Drive Tel: (800) 426-7999 44191 Plymouth Oaks Hamilton Hallmark 

Road Suite 200 Han-Mark Computer Blvd. 3783 Rider Trail South 

Suites 9 & 10 Addison 60101 7172 Columbia Suite 1300 -F:r~3~~j ~3~~~50 Dululh 30136 Tel: (708) 495-9680 Gateway Drive Plymouth 48170 
Tel: (404) 931-3900 FAX: (708) 495-9831 SuiteG Tel: (313) 416-5806 FAX: (314) 291-0362 
FAX: (404) 931-3902 Wyle Laboratories Columbia 21046 FAX: (313) 416-5811 

NEW HAMPSHIRE 
Arrow Commercial 2055 Army Trail Road Tel: (800) 409-1483 Hamilton Hallmark 

System Group Suite 140 Hamilton Hallmark 41650 Garden Brook Avnet Computer 

3400 C. Corporate Way Addison 60101 10240 Old Columbia Road 2 Executive Park Drive 

Dululh 30136 Tel: (800) 853-9953 Road Suite 100 Bedlord 03102 
Tel: (404) 623-8825 FAX: (708) 620-1610 Columbia 21046 Novi 49418 Tel: (800) 426-7999 
FAX: (404) 623-8802 Zeus Arrow Tel: (800) 409-1483 Tel: (313) 347-4271 

NEW JERSEY 
ArrowlSchweber Electronics North Atlantic 

FAX: (313) 347-4021 

Electronics 1140 West Thorndale Industries Pioneer Standard Anthem Electronics 

4250 East Rivergreen Avenue Systems Division 4505 Broadmoor 26 Chapin Road, Unit K 

Pkwy. Itasca 60143 7125 River Wood Drive SouthE. Pine Brook 07058 

~~\~"~~E ~t)~ 313 
Tel: (708) 250-0500 Columbia 21046 Grand Rapids 49512 Tel: (201) 227-7960 

TAl· Iqnn q1~_I;RM Tel: (616) 698-1800 FAX: (201) ??7.!=I?4R 

Tel: (404) 497-1300 INUIANA FAX:' (301) 312-5850 FAX: (616) 698-1831 
Arrow/Schweber 

FAX: (404) 476-1493 Arrow/Schweber Pioneer Technologies Pioneer Standard Electronics 

Avnet Computer Electronics Group 44190 Plymouth Oaks 4 East Stow Road, Unit 

3425 Corporate Way 7108 Lakeview 15810 Gaither Road Blvd. 11 
SuiteG Parkway West Drive Gaithersburg 20877 Plymoulh 48170 Marlton 08053 

Dululh 30136 Indianapolis 46268 Tel: (301) 921-0660 Tel: (313) 525-1800 Tel: (609) 596-8000 
Tel: (800) 426-7999 ~!~~1Ji~?~~9~~~~9 FAX: (301) 670-6746 FAX: (313) 427-3720 FAX: (609) 596-9632 

Hall-Mark Computer Wyle Laboratories MINNESOTA Arrow/Schweber 

3425 Corporate Way Avnet Computer 9101 Guilford Road Electronics 

SuiteG 655 West Carmel Drive Suite 120 Anthem Electronics 43 Route 46 East 

Duluth 30136 Carmel 46032 Columbia 21046 7646 Golden Triangle Pine Brook 07058 

Tel: (800) 409-1483 Tel: (800) 426-7999 Tel: (301) 490-2170 Drive Tel: (201) 227-7880 
FAX: (301) 490-2190 Eden Prairie 55344 FAX: (201) 538-4962 

Hamilton Hallmark Hall-Mark Computer Tel: (612) 944-5454 
3425 Corporate Way 655 West Carmel Drive MASSACHUSETTS FAX: (612) 944-3045 Avnet Computar 

Suite G &A Carmel 46032 1·B Keystone Avenue 

Dululh 30136 Tel: (800) 409-1483 Anthem Electronics Arrow/Schwaber Building 36 

Tel: (404) 623-5475 Hamilton Hallmark 200 Research Drive Electronics Cherry Hill 08003 
FAX: (404) 623-5490 655 West Carmel Drive Wilmington 01887 10100 Viking Drive Tel: (800) 426-7999 

Suite 160 Tel: (508) 657-5170 Suite 100 
Hall-Mark Computer Pioneer Technologies FAX, (508) 657-6008 Eden Prairie 55344 

Group ~~~~m~m5:52g5 Tel: (612) 941-5280 1-B Keystone Avenue 

4250 C. Rivergreen Arrow/Schwebar FAX: (612) 942-7803 g~~~~!j,~F 08003 Parkway Pioneer Standard Electronics 
Dululh 30136 9350 Priority Way West 25 Upton Drive :;~~k~:nmt~~~~ East 

Tel: (800) 409-1483 
Tel: (404) 623-1003 Drive Wilmington 01887 Hall-Mark Computer 
FAX: (404) 623-0665 Indianapolis 46250 Tel: (508) 658-0900 Suite 410 

10 lanidex Plaza West 
FAX: (508) 694-1754 Minnetonka 55343 

Wyle laboratories Tel: (317) 573-0880 Tel: (800) 426-7999 Parsippany 07054 

6025 The Corners FAX: (317) 573-0979 Avnet Computer Tel: (800) 409-1483 
Pkwy. KANSAS 

10 D Centennial Drive ~:~~~~~~ ~~~dE~:t Hamilton Hallmark 
Suite 111 Peabody 01960 1 Kevstone Avenue 
Norcross 30092 Arrow/Schweber Tel: (800) 426-7999 Suite 410 

Tel: (404) 441-9045 Minnetonka 55343 Buildmg 36 
Electronics 

~~16~~~~~~~rD~i:e Tel: (800) 409-1483 Cherry Hill 08003 
FAX: (404) 441-9086 9801 legler Road Tel: (609) 424-0110 

Lenexa 66219 Peabody 01960 FAX: (609) 751-2552 
Tel: (913) 541-9542 Tel: (800) 409-1483 
FAX: (913) 541-0328 



intel® 
NORTH AMERICAN DISTRIBUTORS (Cont'd) 

Hamilton Hallmark Hamilton Hallmark Arrow/schW8baf Anthem Electronics ArrowlSchwebar 
10 Lanidex Plaza West 3075 Veterans Electronics 9090 Southwest Gemini Electronics 

~:r:sl~g~)~fl_~~o Memorial Hwy. 8200 Washington Drive 3220 Commander Drive 
Ronkonkoma 11779 Village Drive Beaverton 97005 Carrolnen 75006 

FAX: (201) 515-1601 Tel: (516) 737-0600 Centerville 45458 Tel: (503) 643-1114 Tel: (214) 380-6464 

MTI Systems Sales FAX: (516) 737-0838 Tel: (513) 435-5563 FAX: (503) 626-7928 FAX: (214) 248-7208 

43 Route 46 East MTI Systems Sales 
FAX: (513) 435-2049 Avnst Computer ArrowlSchwabar 

Pinebrook 07058 1 Penn Plaza Avnst Com.puter 9750 Southwest Electronics 
Tel: (201) 882-8780 250 West 34th Street 7764 Washington Nimbus Ave. 19416 Pari< Row 
FAX: (201) 539-6430 New York 10119 Village Drive Beaverton 97005 Suite 190 

PlonearStandard 
Tel: (212) 643-1280 ~:r~~gf1~~-7999 Tel: (800) 426-7999 Houston 77084 

14-A Madison Road FAX: (212) 643-1288 Hall-Mark Computer Houston 77099 

Falrtield 07006 Plonesr Standard Avnet Computer 9750 Southwest Tel: (713) 530-4700 

Tel: (201) 575-3510 68 Corporate Drive 2 Summit Park Drive Nimbus Ave. Avnet Computer 
FAX: (201) 575-3454 Binghamton 13904 Suite 520 Beaverton 97005 4004 Beltllne 

Wyle Laboratories Tel: (607) 722-9300 Independence 44131 Tel: (800) 409-1483 Suite 200 
FAX: (607) 722-9562 Tel: (800) 426-7999 Dallas 75244 

115 Route 46. Building Hamilton Hallmark Tel: (800) 426-7999 
F Pioneer Standard Hal~Mark Computer 9750 Southwest 
Mountain Lakes 07046 60 Crossway Park 5821 Harper Road Nimbus Ave. f;~:~~~~r~~ West Tel: (201) 402-4970 West Solon 44139 Beaverton 97005 

Woodbury, Long Island Tel: (800) 409-1483 m~~g~1r~~;~~gg9 Suite 525 
NEW MEXICO 11797 Houston 77008 

Tel: (516) 921-8700 Hall·Mark Computer 
Pioneer Technologies Tel: (800) 426-7999 

Alliance Electronics, FAX: (516) 921-2143 7n Dearbom Park 
Inc, Lane 8905 Southwest Hall·Mark Computer 
3411 Bryn Mawr Pioneer Standard SuiteL NumbusAve. 12211 Technology 
Northeast 840 Fairport Park Worthington 43085 Suite 160 Boulevard 
AlbU~Uerque 87101 Fairport 14450 Tel: (800) 409-1483 Beaverton 97005 Austin 78727 

m~ (gg~m5~~~g2 Tel: (716) 381-7070 Hamilton Hallmark Tel: (503) 626-7300 Tel: (800) 409-1483 
FAX: (716) 381-5955 

~~~n ~ii~ Road 
FAX: (503) 626-5300 Hall-Mark Computer 

Avnet Computer ZausArrow Wyla Laboratories 4004 Beilline Road 
7801 Academr Road Electronics Tel: (216) 498-1100 9640 Sunshine Court Suite 200 
Building 1, SUite 204 100 Midland Avenue FAX: (216) 248-4803 Building G Dallas 75244 
Albuquerque 87109 Port Chester 10573 

Hamilton Hallmark 
Suite 200 Tel: (800) 409-1483 

Tel: (800) 426-7999 Tel: (914) 937-7400 
777 Dearborn Park 

Beaverton 97005 Hall-Mark Computer FAX: (914) 937-2553 Tel: (503) 643-7900 
NEWVORK Lane FAX: (503) 646-5466 1235 North Loop West 

NORTH CAROLINA Suite L Houston 77008 
Anthem Electronics Worthington 43085 PENNSYLVANIA Tel: (800) 409-1483 
47 Mall Drive ArrowlSchweber Tel: (614) 888-3313 

Anthem Electronics Hamilton Hallmark Commack 11725 Electronics FAX: (614) 888-0767 
Tel: (516) 864-6600 5240 Greensdairy 355 Business Center 12211 Technology 

FAX: (516) 493-2244 Road MTI Systems Sal •• Drive Boulevard 
Raleigh 27604 23404 Commerce Park Horsham 19044 Austin 78727 

ArrowlSchwebar Tel: (919) 876-3132 Road Tel: (215) 443-5150 Tel: (512) 258-8848 
Electronics FAX: (919) 878-9517 Beachwood 44122 FAX: (215) 675-9875 FAX: (512) 258-3777 
3375 Brighton Henrietta Tel: (216) 464-6688 

Avnet Computer Hamilton Hallmark Townline Road Avnet Computer FAX: (216) 464-3564 11420 Page Mill Road Rochester 14623 4421 Stuart Andrew 213 Executive Drive 
Tel: (716) 427-0300 Boulevard Pioneer Standard Suite 320 Dallas 75243 
FAX: (716) 427-0735 Suite 600 4433 Interpoint Mers 16046 Tel: (214) 553-4300 

Charlotte 28217 Boulevard Tel: (800) 426-7999 FAX: (214) 553-4395 
ArrowlSchwebar Tel: (800) 426-7999 ~:r~~~5~~t99OO Pioneer Technologies Hamilton Hallmark Electronics 
20 Oser Avenue Hall-Mark Computer FAX: (511) 236-8133 ~~~':fappa Drive ~~~~t~ne~~~~ 
~:I~~Kf~f~3~ ~ ~ggo 3510 Spring Forest Pioneer Standard Tel: (713) 781-6100 Road Pittsburgh 15238 
FAX: (516) 231-1072 Suite B 4800 East 131 st Street Tel: (412) 782-2300 FAX: (713) 953-8420 

Raleigh 27604 Cleveland 44105 FAX: (412) 963-8255 Pioneer Standard Avnet Computer Tel: (800) 409-1483 Tel: (216) 587-3600 
Pioneer Technologies 18260 Kramer Lane 2 Penn Plaza FAX: (216) 663-1004 

Suite 1245 Hamilton Hallmark ~Jg1nterprise Road 
Austin 78758 

New York 10121 3510 Spring Forest OKlAHOMA Tel: (512) 835-4000 

Tel: (800) 426-7999 Road Keith Valley Business FAX: (512) 835-9829 
Suite B ArrowlSchweber Center Pioneer Standard Avnat Computer Tel: (800) 409-1483 Electronics Horsham 19044 13765 Beta Road 1057 E. Henrietta Road 12101 East 51st Streel Tel: (713) 530-4700 

Rochester 14623 Pioneer Technologies Suite 106 Dallas 75244 
Tel: (800) 426-7999 Group Tulsa 74146 r~~~~'h"rl°::mrl.s 

Tel: (214) 263-3168 

2200 Gateway Ctr. Tel: (918) 252-7537 FAX: (214) 490-6419 
Hall·Mark Computer Boulevard FAX: (918) 254-0917 Sunel11 Pioneer Standard 2 Penn Plaza Suite 215 MarRon 08053-3185 10530 Rockley Road New York 10121 MorrisVille 27560 Hamilton Hallmark Tel: (609) 985-7953 
Tel: (800) 409-1483 5411 South 125th East Suite 100 

Tel: (919) 460-1530 Avenue 
FAX: (609) 985-8757 Houston 77099 

Hall·Mark Computer OHIO Sune 305 TEXAS ~~~~m::~5~~~~2 1057 East Henrietta Tulsa 74146 
Road Arrow Commercial Tel: (918) 254-6110 Anthem Electronics Wyle Laboratories Rochester 14623 

~Lst~~;;greek FAX: (918) 254-6207 651 N. Plano Road 1810 Greenville Tel: (800) 409-1483 Sune 401 Avenue 
Hamilton Hallmark Court Plone.r Standard Richardson 75081 Richardson 75081 9717 East 42nd Street Tel: (214) 238-7100 933 Motor Parkway Dublin 43017 

Suite 105 Tel: (214) 235-9953 

~:I~~gf~f:3~~ mo 
Tel: (614) 889-9347 

Tulsa 74146 
FAX: (214) 238-0237 FAX: (214) 644-5064 

FAX: (614) 889-9680 

~~~~mr~~t.~, 
Anthem Electronics Wyle Laboratories FAX: (516) 434-7491 ArrowlSchweber 14050 Summn Drive 4030 West Braker Lane 

Hamlnon Hallmark Electronics Suite 119 Sune 420 
1057 East Henrietta 6573 Cochran Road OREGON Tel: (512) 388-0D49 Austin 78758 
Road Suite E AlmacArrow 

FAX: (512) 388-0271 Tel: (512) 345-8853 
Rochester 14623 Solon 44139 Electronics Arrow/schwabar FAX: (512) 345-9330 
Tel: (716) 475-9130 Tel: (216) 248-3990 1885 N.West 169th Electronics Wyle Laboratories FAX: (716) 475-9119 FAX: (216) 248-1106 Place 11500 Metric Boulevard 11001 South Wilerest 

Beaverton 97006 Suite 160 Suite 100 
Tel: (503) 629-8090 Austin 78758 Houston 77099 
FAX: (503) 645-0611 Tel: (512) 835-4180 Tel: (713) 879-9953 FAX: (512) 832-5921 FAX: (713) 879-6540 



NORTH AMERICAN DISTRIBUTORS (Cont'd) 
UTAH Avnat Computer 

8630 1541h Avenue ~~~~~~~::~ .. MANITOBA QUEBEC 

AnthDrn Eloctronlcs Redmond 98052 Building 7. Sune 150 PlonoorlZontronlcs ArrowlSchwobor 
1279 West 2200 South Tel: (800) 426-7999 Brookflekf 53045 540 Marjorie Sireel Electronics 

~:r l:o~i ~~~_~m9 Hamilion Hallmark 
Tel: (414) 879-0434 Winnipeg R3H OS9 1100 Sireet Regis 
FAX: (414) 879-0474 Boulevard 

FAX: (801) 973-8909 8630 1541h Avenue ONTARIO Dorvsl H9P 2T5 
Redmond 98052 ALASKA Tel: (514) 421-7411 ArrowJSchwebar Tel: (206) 881-6697 ArrowlSchweber FAX: (514) 421-7430 Electronics FAX: (206) 867-0159 ~:8:wc:.rC~;'n Electronics 

1946 West Parkway 
Plon •• r Technologies 

36 Antares Drive, Unit Arrow Schwabe, 
Boulevard Boulevard 100 Elactronlcs 

~:r l:o~i ~~~_:n9 
2800 1561h Avenue. Suile 400 Ne~an K2E 7W5 500 Boul. Street-Jean-
S.E. 

~~~~~s:,~e4~~~~:99 Te : (613~ 226-6903 Ba~iste Avenue 
Suile100 FAX: (61 ) 723-2018 Quebec H2E 5R9 Avnet Computer Bellevue 98007 

~~f~1~tm;~~~6 1100 Easl 6600 Soulh Tel: (206) 644-7500 Arrow/schweber 
Suite 150 CANADA Electronics 

~::! Ml(~ ~~g~~~1 ~~U-;:~~r:,'::I~~h 1093 Meyerslde. Un" 2 Avnat Computer 
ALBERTA Mississauga L5T 1 M4 7575 Trans Canada 

Sireet Tel: (416) 670-7769 SuHe 601 
Hall-Mark Compuler Redmond 98052 Avnet Computer FAX: (416) 670-7781 51. Laurent H4T 1 V6 
1100 Easl 6600 Soulh Tel: (206) 881-1150 Tel: (800) 265-1135 
Suile 150 FAX: (206) 881-1567 1144 29th Avenue Avnat Computer 
Sail Lake Cily Northeast 190 Colonade Road Hsmilion Hallmark 
Tel: (800) 409-1483 WISCONSIN Suile108 

~:r'1:80rM:a~06 7575 Transcanada 

Hamilton Hallmark Arrow/schwaber i:llg~~01~~j!it06 ~~~~w:~O 
1100 Easl 6600 Soulh Electronics Plon •• rlZ_nlro"lcs Canada System Sireel Laurent H4T 2V6 
Sulle120 200 N. Palrlck 560.1212-31 Ave. 

Engln .. ~ng Group Tel: (514) 335-1000 
Sail Lake Cily 84121 Suite 100 Northeast 151 Superior Boulevard FAX: (514) 335-2481 
Tel: (801) 266-2022 Brookfield 53005 

calga~ T2E 758 
Mlsslssuaga L5T 2L 1 

FAX: (801) 263-0104 Tel: (414) 792-0150 Tel: (800) 387-3406 PlonaarlZantronlcs 
FAX: (414) 792-0156 Tel: (4 ~ 295-8838 520 McCaffrey 

Wyle Laboratories FAX: (4 ) 295-8714 Hamilton Hallmark Streel Laurent H4T 1 N1 
1325 Wesl 2200 Soulh Avnet Computer 

BRtnSH COLUMBIA 
151 Superior BlVd .. Unit Tel: (514) 737-9700 

Sulle E 2440 South 1791h 1-8 FAX: (514) 737-5212 
West Valley 84119 Street Alm.cArrow ¥~~:.~~)~'U-~~~ 1 
Tel: (801) 974-9953 New Berlin 53416 Electronics FAX: (801) 972-2524 Tel: (800) 426-7999 8544 Baxter Placa FAX: (416) 564-6033 

WASHINGTON Hal~Mark Computer Bumaby V5A 4T8 Hamilion Hallmark 
2440 South 1791h Tel: (604) 421-2333 190 Colonade Road 

AlmacArrow Street FAX: (604) 421-5030 ~:r(:r3~~l.i~00 Electronics New Bertin 53146 Hamilion Hallmark 14360 S.E. Eastgale Tel: (800) 409-1483 8610 Commerce Court FAX: (613) 226-1184 

~;fevue 98007 Hamilion Hallmark Burnaby VSA 4N6 PlonearlZantronlcs 
Tel: (206) 643-9992 2440 South 1791h Tel: (604) 420-4101 3415 American Drive 
FAX: (206) 643-9709 Street FAX: (604) 420-5376 ¥!I·l~)~~}~~Jci6 New Berlin 53146 
Anthem Electronics Tel: (414) 797-7844 PlonaarlZentronlcs FAX: (416) 507-2831 4455 North 6 Road 190171201h Avenue FAX: (414) 797-9259 Rochmond V6V 1 P6 PloneerlZentronlcs N.E. Plonaar Standard Tel: (604) 273-5575 155 Colonnade Rd .• Suile 102 
Bolhell 99011 W226 N555 Eastmound FAX: (604) 273-2413 South 
Tel: (206) 483-1700 Drive Sune17 

Waukesha 53186 Nerean K2E 7K3 FAX: (206) 486-0571 
Tel: (414) 521-9333 Te: (613~ 226-8840 
FAX: (414) 521-9498 FAX: (61 ) 226-6352 

EUROPEAN SALES OFFICES 
FINLAND GERMANY ITALY RUSSIA SWEDEN 

Inlel Finland OY InlelGmbH ~~~~~:r..ftalla Intal Technologies, Intol Swedan A.B. 
Ruosilantie 2 Dornacher Strasse 1 Inc. ~:l~B~ofn~ 00390 Helsinki 85622 Mila=iorl Palazzo E Kremenlshugskaya en 
Tel: (358) 0 544 644 FeldkirchenlMuenchen 20094 Assago 121357 Moscow Tel: (46) 8 705 5600 
FAX: (358) 0 544 030 ~~~f~~~fg~~~gg~~9~8 Milano Tel: 007-095-4439785 FAX: (46) 8278085 

m~~~~m~~::l64 FAX: 007-095-4459420 
UNITED KINGDOM FRANCE TLX: 612092 small suo 

ISRAEL 

~~~~;:.W.L NETHERLANDS SPAIN ~~;o3.' (U_K.) Lid. 
Intel Semiconductor 

1. Rue Edison-BP 303 Lld_ Intal Semiconductor Intollbarla SouthA. Swindon. tlIinshlre SN3 
78054 Street Quentln- Alldlm Induslrlal Park- B.V. Zubaran,28 1RJ 
en-Yvellnes Cedex Neve Sharet Poslbus 84130 29010 Madrid Tel: (44) (01793) 
Tel: (33) (1) 30 57 70 P.O. Box 43202 3009 CO Rotterdam Tel: (34) (1) 308 2552 696000 
00 Tel-Aviv 61430 Tel: (31) 104071111 FAX: (34) (1) 4107570 ~:;C~J~4) (01793) 
FAX: (33) (1) 3D 64 60 Tel: (972) 03 498080 FAX: (31) 104554688 
32 FAX: (972) 03 491870 



EUROPEAN DISTRIBUTORS/REPRESENTATIVES 
AUSTRIA FRANCE uPoulladls Associates "Diode Components SLOVAKIA 

Corp. CoMbaan 17 
UiElbatex GmbH **Arrow Electronlqua Aristotelous Street 3 3439 NG Nleuwegein Elbatex 
Eitnergassa 6 73-79 Rue des Salels Tt~nUA~~e~;O Tel: (31) 3402 91234 ~~g~~i~~S~;a~;lava A-1231 Wien Silie 585 FAX: (31) 3402 3 5924 
Tel: (43) 1 866420 94663 Rungis Cedex Tel: (30) 1 9242072 ··:f:Konlng en Hartman Tel: (42) 7831 320 
FAX: (43) 1 86642372 Tel: (33) 1 4978 4978 FAX: (30) 1 924 1066 FAX: (42) 7 831 320 
uiSpoerla Eleldronlc FAX: (33) 1 4978 0596 Energieweg 1 

HUNGARY 2627 AP DelH SLOVENIA Heiligentstadter Sir. 52 AvnetEMGSA Tel: (31) 15609906 
A-1190 Wien 79, Rue Pierre Semard Elbatex FAX: (31) 15619194 Elbatex 
Tel: (43) 1 3636500 92310 Chalillon Gabor Takacs ~L~~6a1 ~ ~ 7 Lubljana FAX: (43) 1 3692273 Tel: (33) 1 4965 2500 Vaei U, 202 NORWAY 

BELGIUM 
FAX: (33) 1 49652769 H-1138 Budapest 

H Avnet Nortec AlS Tel: (30) 61 191 126 
Tel: (36) 11409194 FAX: (30) 61 192398 

:lM"rologle FAX: (36) 11209478 Postbox 123 
.. :tIne leD Tour d'Asnieres N-1364 Hvalstad SOUTH AFRICA Ave des Croix de Guerre 4, Avenue Laurent Cely IRELAND Tel: (47) 66 846 210 
94 92606 Asnieres Cedex FAX: (47) 66 846 545 ":lEBE 
11208ruxeIJes Tel: (33) 1 40809000 **:f:Mlcro Marketing 178 Erasmus Street 
Tel: (32) 2 244 2811 FAX: (33) 1 4791 0561 Taney Hall· Eglinton .:t:Computer s~stem Meyerspark 
FAX: (32) 2 216 3304 

uTekelee Terrace ~~:ffi~!~9:' Pretoria 0184 
uDlode Cite des Bruyeres 

Dunclrum 
Hvamsvingen 24 

Tel: (27) 12 903 7680 

Keiberg 2 Dublin 14 FAX: (27) 12 803 9294 5. Rue Carle Vemet·BP2 Tel: (353) 1 2989400 N·2013 Skjetten 
Minervastraat, 14/82 92310 Sevres FAX: (353) 1 299 9828 Tel: (47) 63 845411 SPAIN 
1930 Zaventem Tel: (33) 1 4623 2425 FAX: (47) 63 845 310 
Tel: (32) 2 725 4660 FAX: (33) 1 45072191 Arrow Electronics Farnell Electronic 

"Arrow/ATD 
FAX: (32)2 725 4511 Unit 7 . Newland Electronlca 

Ineleo Business Park Services A/S Albasanz 75·3 CHS 135 Avenue Louis Nass Road· Condalkin Postbox 120 Furuset 29037 Madrid Budasteenweg 2 Roche Dublin 22 Karihaugvei 89 Tel: (34) 1 3041534 1830 Machelen 92621 Gennevilliers Tel: (353) 1 627 1949 N-l00l0s10 FAX: (34) 1 3272778 Tel: (32) 2 255 0700 Tel: (33) 1 41854949 FAX: (353) 1 459 5490 Tel: (47) 22 321 270 
FAX: (32) 2 252 5900 FAX: (33) 1 47980543 FAX: (47) 66 846 545 

CZECH REPUBLIC CHS ISRAEL 
POLAND 

11 Rue de Cambral 
.:t:Metrologia 

Elbatex 75019 Paris 
**.:t:Eastronlcs Limited 

Elbatex 
Avda. Industria, 32·2 

Rozanis 11 - P.O.B. 28100 Alcobendas Prechodnl11 Tel: (33) 1 40052800 39300 ul. Hoza 29/31 M6 Madrid CS-14000 Praha 4 FAX: (33) 1 40343734 Tel Baruch PL-00-6al Warszawa Tel: (34) 1 6611142 Tel: (42) 2 692 8087 
GERMANY Tel·Aviv 61392 Tel: (48) 2 623 060209 FAX: (34) 1 661 5755 FAX: (42) 2 471 8203 

Tel: (972) 3 6458 777 FAX: (49) 2 623 0605 

DENMARK *'* Avnet E2000 FAX: (972) 3 6458 666 PORTUGAL 
Diode 
clOrense, 34 

**Avnet Nortec A/S 
Stahlgruberring 12 

ITALY "Arrow/ATD 28080 Madrid 
81829 MOnchen Tel: (34) 1 555 3686 Transformervej 17 Tel: (49) 89 4511001 Electronica LOA 

DK-2730 Herlev FAX: (49) 89 45110129 
Avnet EMG Quinta Grande, FAX: (34) 1 5567159 

Tel: (45) 4284 2000 Via Novara, 570 Late 20 - RIC DTO 
FAX: (45) 4492 1552 ~~[r~~~s~O~~~ 

20100 Milano 2700 Amadora 
SWEDEN 

Tel: (39) 2 38103100 Tel: (351) 1 471 4182 :tAvnet Computer AS u:J::Farnell Electronic 65549 Limburg FAX: (39) 2 38 002 988 
Services AS Tel: (49) 6431 5080 

FAX: (351) 1 471 5886 Box 1392 
Naverland 29 FAX: (49) 6431 5082 89 

Farnell Electronic RUSSIA ~~lg~~n1:~~~~~ 7 
DK·2600 Glostrup Services SpA 
Tel: (45) 5254 6645 .:t:Metrologie GmbH Viale Milanofiori E/5 Marvel Tel: (46) 8 6291400 

FAX: (45) 4245 7624 Steinerstrasse 15 1-20090 Assago 
~~3~~I~ra~:t;r~~~~g 

FAX: (46) 86275165 
81369 MOnchen Tel: (39) 2 824 701 

** Avnet Nortec AS 
ESTONIA Tel: (49) 89 742 170 FAX: (30) 2 824 2631 Tel: (7) 8122743210 Box 1830 
.. Avnet Baltronlc AS 

FAX: (49) 89 7421 7111 **Lasl Eletronica FAX: (7) 812 274 3708 5·171 27 Salna 
Akadeemia tee 21F. CHS GmbH P.I. 00839000155 Merisel Tel: (46) 8 7051800 

EE0026 Ohepark2 Viale Fulvia Tesli, N.280 3 Kroulitskiy Val Street FAX: (46) 8 836 918 

Tallinn 21222 Rosengarten 20126 Milano Section 2 "Farnell Electronic 
Tel: (372) 2 527 349 Tel: (49) 4108 120 Tel: (39) 2 661 431 109044 Moscow Services AS 
FAX: (372) 2 527 556 FAX: (49) 41081297 FAX: (39)2 6610 1385 Tel: (7) 0952764718 Ankdammsgatan 32 

tRaab Karcher Telcom FAX: (7) 095 276 4714 Box 1330 
FINLAND 

Elektronlk GmbH Via Lorenteggio 2701 A Novolet S-171 26 Solna 
**:J::Computer 2000 ~~~~s.i~e:tt~:? 66 

20152 Milano 53 Russkaya Street Tel: (46) 8 830 020 

Pynyntitte 3 Tel: (39) 2 4830 2640 630058 Novosibirsk FAX: (46) 8 825 770 
P.O. Box 44 Tel: (49) 2153 7330 FAX: (39) 2 4830 2010 Tel: (7) 383 235 6672 SWITZERLAND 
SF-02231 Espoo FAX: (49) 2153 733513 Lifeboat FAX: (7) 383 233 1788 
Tel: (358) 0 887 331 Spoerle Electronic Via Galileo Ferraris 2 Stlns Coman :lElbalexAG 
FAX: (358) 0 887 33343 Max-Planck Strausse 1- 20147 Saronno 126 Pervomaiskaya Hardstrasse 7 

Avnet Nortec OY 3 Tel: (39) 2 9670 1592 Street CH·5430 Wettingen 

Italahdenkatu 22 63303 Dreieich FAX: (39) 2 9670 3113 105203 Moscow Tel: (41) 56275000 

SF-00210 Helsinki Tel: (49) 6103 30 4343 Tel: (7) 0954654763 FAX: (41) 56 271 240 

Tel: (358) 0 670 277 FAX: (49) 6103 30 4425 LATVIA FAX: (7) 095 465 9034 :J::Fabrlmex AG Avnet Banronic FAX: (358) 0 692 2326 
GREECE Maskavas iela 40/42 SAUDI ARABIA 

Cherstrasse 4 

Farnell Electronic New Bldg - Room 513 
CH-8152 Opfikon-

Services O. Y. :lErgodata LV 1018 Riga Hoshanco Glaltbrugg 

PL. 25 Aigiroupoleos 2a Tel:(371)2211109 Airport Road - PO Box Tel: (41) 1 8746262 

~~~gg~~kt~e~sinki 
17676 Kalithea FAX: (371) 2 211 109 382 FAX: (41) 1 8746200 

Tel: (30) 1 951 0922 
NETHERLANDS 

Riyadh 11411 :liMITEC 
Tel: (358) 0 793 100 FAX: (30) 1 9593160 Tel: (966) 1 477 2323 Zurichstrasse 
FAX: (358) 0 701 9892 

:tDatelcom B.V. 
FAX: (966) 1 479 2588 CH·8185 Winkel~Ruti 

Tel: (41) 1 8620055 
Meidoarnkdae 22 FAX: (41) 1 862 0266 
3993 AE Houten 
Tel: (31) 3403 57222 
FAX: (31) 3403 57220 

.. Technical Distributor * VAD 



EUROPEAN DISTRIBUTORS/REPRESENTATIVES 
(Cont'd) 

"*Induslrade AG UNITED KINGDDM ~r.e8~~=nl .. CHS Jumbo Electronics Co. 
Hertlstrasse 31 Copse Road, Street Lid. 
CH·B304 Waliisellen "ArrowlMMD Chineham Park • Johns, Woklng Z ~:r~e~ ~~~~~~ox Tel: (41) 1 832 BIll 3 Bennel Court Crockford Lane ~~r(L~~~H~ 411 FAX: (41) 1 830 7550 Bennet Road ~i(t~~~~~~mfW 3426 

TURKEY ~:1~1X11 ~~2 3~~~32 FAX: (44) 4B3 729 974 Dubal 
FAX: (44) 256 707 162 Tel: (971) 4 BB2 4BBB 

FAX: (44) 734 313 255 UKRAINE FAX: (971) 4 821 839 "Empa Electronic "Datronloch PLC Kvasar Micro 
Besyol Mah E·5 •• Avnet Access 42·44 Birchen Road ~gg8~eR::' Str. 52 Karayolu Vanl Jubilee House Aldershot 
Aorya Is Merkezl Jubilee Road Hants GUlllLU 

~~f~hogUJ~68:gg8 No.5 34630 Selakoy Lelchworth SG6 lQH Tel: (44) 252 303 333 
Istanbul Tel: (44) 462 488 500 FAX: (44) 252 303 444 
Tel: (90) 212 599 3050 FAX: (44) 462 488 567 

*Matrologlo UK Lid. 
UNITED ARAB 

FAX: (90) 212 598 5353 
*~OCh sr,atems ~~;.\°R:.:l°u.e 

EMIRATES 

Info 5 e Sterl "9 Centre Graytoch 
Buyukdere Cad. 107/3 Eastern Roa ~11\l' Wycombe HPll P.O. Box 50718 
Bangun Han Gayerttepe Bracknell RG12 2PW Dubal 
80300 Istanbul Tel: (44) 344 55 333 Tel: (44) 494 526 271 Tel: (971) 434 6952 
Tel: (902) 1 22750780 FAX: (44) 344 867 270 FAX: (44) 494 521 860 FAX: (971) 434 6546 
FAX: (902) 1 2 272 3427 

" Technical Dlslributor 
* VAD 

INTERNATIONAL SALES OFFICES 
AUSTRALIA ·'ntel Semiconductor 'Inlol Japan K.K. Inial Japan K.K, MEXICO 

LId, ~~~~~X!,:g. ~~~I"::::~.:'~~P Inial Auslralla Ply, 321F Two PacHlc Place Intal Toenologla do 
LId, B8 Queensway Central Kumagaya-shl, Saitama Chlyoda·ku, Tokyo 100 Moxlco 
Unit 13 Central 360 Tel: 81 33201 3621 SouthA. de C.V. 
Allamble Grove Hong Kong Tel: 81 48 52 46871 FAX: 81 3 3201 6850 Av. Mexico No. 2798· 
Business Park Tel: 852 5844 4555 FAX: 81 485247518 9B, SouthH. 
25 Frenchs Forest FAX: 852 8681989 ~~:~ J:~~~ K.K, 44680 Guadalajara, 
Road East 'Inial Japan K.K, Jal. 
Frenchs Forest, NSW. INDIA MHsul·Selmel Musashl· 1-16·20 NlShiki Tet. 523-640·1259 
2086 Inlel Asia Electronics, ~~~uB~~~~ruko, Neka·ku, Nagoya Cily FAX: 523·842·7661 

~~~~y 2 975 3300 
Inc. 480 
412, Samrah Plaza Nakahara·ku Tel: 81 522041261 SINGAPORE 

FAX: 61 2 975 3575 Sireel Mark's Road Kawasakl·shl, FAX: 81 522041285 

~a!1Q.~lo!~ ~~~ _~1.. Kanagewa 211 
KOREA 

Inial Singapora 
~~.A.!!!... Tel. 1:11 AA "7t:1t:1 "7n11 Tachnalaav. Ltd. 

I~I; Ifl DUII!II!IOUOO FAX; 81'44 733 7010 101 Thomson Road 08· 
Intel Samlcondutores FAX: 91 802215067 Intal Kores, Ltd. 03 
do Brasil L TDA JAPAN 

'Intol Japan K.K, 16th Floor, Life Building UnHed Square 
Rue Aorlda 1703, cj.22 Nlhon Selmel Atsugl 61 YBOBUido'DO~ ~~~~~~~olml 04565·001 Sao Paulo, 

~:c~t~~~;·~hl9. 
Bldg. Younp Deun~ Po- u 

SP 1·2·1 Asahi·machl Saou 150-0 0 nx: 39921 INTEL 
Tel: 55·11 2875899 1·8889 Fuchu·cho Atsugi·shl, Kanagawa Tel: 822 784 8186, FAX: 652509256 
TLX: 3911153146IS0B 

~~~~~'s.rJ' Ie"WsJ~ 
243 8286,8386 

FAX: 5511 2875119 Tel: 81 462 29 3731 TLX: K29312 INTEL KO TAIWAN 
FAX: 81 482300315 FAX: 81 462 29 3781 FAX: 822 784 8098 

CHINAlHONG KONG Intel Tachnology (Far 

~~~~~~lf~~;,~m.Chl 
'Inial Japan K.K. MEXICO 

~1;"~·NO. 205 Intol PRC Corp. Ryokuch"ekl Bldg. 
Inlol Toenologla do ls/F, Office 1, CHic 

~~~~:9 Shinmachl 
2·4·1 Terauchl Bank Tower Building 

Bldg. ~grnaka.shl, Osaka Maxlco, Tung Hua North Road 
Jlan Guo Men Wai Selagaya·ku, Tokyo South A. de C.V. Taipei 
Street 154 Tel: 81 6863 1091 Prolog. Paseo de Ia Tel: 886 2 716 9660 

~:Iii~~, 5004850 
Tel: 81 34262231 FAX: 81 68831084 Reforma No. 600 PH nx: 13159 INTEL 
FAX: 81 34277620 312 TWN 

TLX: 22947 INTEL CN Col. Pena Blanca FAX: 886 2 717 2455 
FAX: 861 500 2953 Santa Fe 

01210 Mexico, O.F .. 
Tel. 525·259·7531 
FAX: 525·259·7531 

, Aeld Application Location 



inteJ® 
INTERNATIONAL 

DISTRIBUTORS/REPRESENTATIVES 
ARGENTINA COLOMBIA C. Itoh Techno·Sclence NEW ZEALAND TAIWAN 

OAFSVS Consulting Dimser Ingenlerls Ltda 
Co., Ltd. 

Email Electronics Acer Sertek Inc. 
S.A. Avenida EI Dorado No. ~~51!f~~~~~oyama 36 Olive Road 11-15/F, 135 Section 2 
Chacabuco, 90-6 Piso 84A·55 Loc. 130 Minato-ku, Tokyo 107 Penrose, Auclkand Chien Kuo North Road 
1069 Buenos Aires Dorado Plaza Tel: 81 34974900 Attn: Dean Danford Taipei 10479 
Tel: 54 1 3427726 Santa Fe de Bogota D.C. FAX: 81 34974879 Tel: 64 9 591 155 Tel: 886 2 501 0055 
FAX: 54 1 334 1871 Tel: 571 2953642 FAX: 64 9 592 681 TWX: 23756 SERTEK 

Reycom Electronlca 
FAX: 571 2955998 Dla Semlcon Systems, FAX: 886 2 50 12521 

Inc. PAKISTAN 
S.A. HONG KONG Wacore 64 Synntex Technology 
Bernardo de Irigoyen 

~~~~~~;:-~~~~;~;o 154 
~~~~Sa\ls~~~~ms ~~~,:%, ~~rK~ction 3 972-2B i~F~Oe7~o~~~:a~~~~~trd1 1304 Buenos Aires Tel: 81 34870386 Awami Complex Ming-Sheng East Road 

Tel: 541 3042018 Hing Fong Road FAX: 81 34878088 Garden Town Taipei 
FAX: 5413042018 Kwai Chung Tel: 42 865 173 

New Territories Okaya Kokl FAX: 42 871 528 URUGUAY 
AUSTRALIA Tel: 852 487 8826 2-4-1 B Sakae 

TLX: 30398 COMAG HX Naka-ku, Nagoya-shi 460 SAUDI ARABIA Interfase SouthA. 

~~~~id~i~~o"r~~~~J~oad FAX: 852 487 1268 Tel: 81 52 204 2916 Bulevar Espana 2094 
FAX: 81 522042901 AAE Systems, Inc. 11200 Montevideo 

Box Hill, Victoria 3128 Novel Precision 642 N. Pastoria Avenue Tel: 598 249 4600 
Machinery Co., Ltd. Ryoyo Electro Corp. Sunnyvale, CA 94086 FAX: 598 249 3040 

BRAZIL Room 728 Konwa Bldg. U.SoulhA. 
Trade Square No. 681 1-12-22 Tsukiji Tel: 408 732 1710 YUGOSLAVIA 

Hltech Cheung Sha Wan Road Chuo-ku, Tokyo 104 FAX: 408 732 3095 
Av. Eng. Luiz Carlos Kowloon Tel: 81 3 3546 5011 TLX: 494 3405 ME SYS H.R. Microelectronics 

Berrinl Tel: 852360 8999 FAX: 81 33546 5044 Corp. 

801-12 andar TLX: 32032 NVTNL HX SINGAPORE 2005 de la Cruz 

Sao Paulo/SP FAX: 852 725 3695 KOREA Boulevard 
PEAC Electronics and Suite 190 

Cep: 04571 901 Cable: NVTNCINDHK 
Sam sung Electronics Chemicals, PTE, Ltd. Santa Clara, CA 95050 

Tel: 55 11 5360355 H.K. 
15th Floor, Severance 03-05 Kewalram Hill View U.S.A. 

FAX: 55 11 2402650 INDIA Bldg. Singapore 2366 Tel: (408) 988·0286 
Itaucom 84·11 • 5·KA. Tel: 65 763 6889 TLX: 387452 

SES Computers and Namdaemoon Ro FAX: 657636819 FAX: (408) 988·0306 
Av. Wilhelm Winter, 301 Technologies Pvt., Ltd. Chung·Ku, Seoul 100-

SAl Services JUndailSP 11/18 SNS Chambers 095 MOUNTAIN VIEW, CA 
Cep: 13213000 239 Palace Upper Tel: 82 2 259 4755 International PTE, Ltd. (covers rest of Latin 
Tel: 55 11 7353184 Orchards FAX: 82 2 259 2482 19-01A, Tong Eng America) 
F AXL 55 11 735 3004 

~:~~;hi~~:~ar 
Building 

Tong Baek Electronics 101 Cecil Street Intectra 
CHILE Bangalore 560 080 Co., Ltd. Singapore 0106 2629 Terminal Boulevard 

Tel: 91 803348481 Yang San Electronic Tel: 65 227 1962 Mountain View, CA 
DTS FAX: 91 803343685 Office FAX: 65227 1963 94043 
Rosas 1444 3F/RM 303 U.S.A. 
Santiago Prlya International, Ltd. 16-58, 3-KA, Han Gang Electronic Resources, Tel: (415) 967·8818 
Tel: 562 697 0991 0-6 2nd Floor Ru PTE, Ltd. FAX: (415)967·8838 
FAX: 562 699 3316 Devatha Plaza Yong San-Ku. Seoul 17 Harvey Road #04-01 

131/132 Residency Road Singapore 1336 
CHINA Bangalore 560 025 MEXICO Tel: 65 283 0888. 289 

Tel: 91 80221 4027 1618 
Novel Proclslon FAX: 91 80221 4150 Dicopel, SouthA. de TWX: RS 56541 FRELS 
Machinery Co., Ltd. C.V. FAX: 65 289 5327 
Room 728 Trade Square JAPAN Fco. Pimentel No. 98 
681 Cheung Sha Wan Col. San Rafael SOUTH AFRICA 
Road Asahi Electronics Co. Mexico O.F., C.P. 06470 Electronic Bulldlng Kowloon, Hong Kong Ltd. Tel: 5257057422 
Tel: 852 3608999 KMM Building 2·14·1 Fax: 525 703 1772 Elements 
TLX: 32032 NVTNL HX Asano 178 Erasmus Street 
FAX: 852 725 3695 Kokurakita-ku Dlcopellnc. Meyerspark, Pretoria 
Cable: NVTNCINDHK Kitakyushu-shi 802 2256 Main Street 0184 
H.K. Tel: 81 93511 6471 Suite 18 Tel: 2712 803 7680 

FAX: 81 93551 7861 Chula Vista, CA 91911 FAX: 2712 803 8294 
U.S.A. 
Te;: (619) 423·3392 
FAX: (619) 423·3394 



intel® 
NORTH AMERICAN SERVICE OFFICES 

ALABAMA 

Birmingham 
Huntsville 

ALASKA 
Anchorage 

ARIZONA 

Phoenix' 
Tucson 

ARKANSAS 

Litlle Rock 

CALIFORNIA 

Bakersfield 
Brea 
Carson" 
Fresno 
Livermore 
MarDel Rey 
Ontario' 
Orange 
Sacramento' 
San Diego· 
San Francisco· 
Santa Clara" 
Ventura 
Sunnyvale 
Walnut Creek· 
Woodland Hills' 

COLORADO 

Colorado Springs 
Denver 
Englewood· 

CONNECTICUT 

Glastonbury" 

DELAWARE 

New Castle 

FLORIDA 

Ft. Lauderdale 
Healhrow 
Jacksonville 
Melbourne 
Pensacola 
Tampa 
West Palm Beach 

ARIZONA 

PrimeService 
Intel Corporation's North American Preferred Service Provider 

Central Dispatch: 1-800-876-SERV (1-800-876-7378) 

GEORGIA MICHIGAN NORTH DAKOTA 
Allanta· Ann Harbor Bismark 
Savannah Benton Harbor 

OHIO 
West Robbins Flint 

Grand Rapids· Cincinnati* 
HAWAII Leslie Columbus 

Honolulu Livonia" Dayton 
Independence· 

ILLINOIS Street Joseph 
Troy· Middle Heights· 

Buffalo· Toledo· 
Calumet City MINNESOTA 
Chicago OREGON Bloomington" 
Lansing Dululh Beaverton" 
OakBrook 

PENNSYLVANIA MISSOURI 
INDIANA 

Springfield Bala Cynwyd" 
Carmel· CampHiII* Street louis' 
Ft. Wayne East Erie 

NEVADA Pittsburgh" 
KANSAS 

Minden Wayne" 
Overland Park" Las Vegas 
Wichita Reno 

SOUTH CAROLINA 

KENTUCKY 
Charleston 

NEW HAMPSHIRE Cherry Point 
Lexington Manchester· Columbia 
Louisville Fountain Inn 
Madisonville NEW JERSEY 

Edison" SOUTH DAKOTA 
LOUISIANA 

Hamton Town" Sioux Falls 
Baton Rouge 
Metarie 

Parsippany· 
TENNESSEE 

NEW MEXICO Bartlett 
MAINE 

BrunSWick 
Albuquerque Chattanooga 

NEW YORK 
Knoxville 

MARYLAND Nashville 
Albany· 

Frederick Amherst" TEXAS 
Linthicum" Dewitt* Austin 
Rockville" Fairport" Bay City 

MASSACHUSETTS Farmingdale" Beaumont 

Boslon· New York C~y' Canyon 

Natick" NORTH CAROLINA 
College Station 

Norian" Houston" 
Brevard Irving" Springfield Charlotte San Antonio 
Greensboro T .. , ... ~ 

Haveluch 
Raleigh UTAH 

Wilmington Salt Lake City· 

CUSTOMER TRAINING CENTERS 
ILLINOIS MASSACHUSETTS 

Computervlslon Customer 
EdUcation 

Computervlslon Customer 
Education 

Computervlslon Customer 
Education 

2401 West Behrend Drive 
Suite 17 
Phoenix 85027 
Tel: 1·800·234·8806 

1 Oakbrook Terrace 
Suite 600 
Oakbrook 60181 
Tel: 1·800·234·8806 

11 Oak Park Drive 
Bedford 01730 
Tel: 1·800·234·8806 

VIRGINIA 

Charlottesville 
Glen Allen 
Maclean· 
Nortolk 
Virginia Beach 

WASHINGTON 

Bellevue" 
Olympia 
Renton 
Richland 
Spokane 
Verdale 

WASHINGTON D.C.' 

WEST VIRGINIA 

Street Albans 

WISCONSIN 

Brookfield" 
Green Bay 
Madison 
Wausau 

CANADA 

Calgary' 
Edmonton 
Halifax 
London" 
Montreal" 
Ottawa 
Toronto' 
Vancouver, BC' 
Winnipeg 
Regina 
Street John 

SYSTEMS ENGINEERING OFFICES 
MINNESOTA 
3500 West 80th Street 
Suite 360 
Bloomington 55431 
Tel: (612) 835·6722 

'Carry-in locations 

NEW YORK 
2950 Expressway Drive, South 
Islandia 11722 
Tel: (506) 231·3300 
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