








































































































































































































































































































































































































































































































































































INSTRUCTION SET SUMMARY 

pipeline) 
A pipeline first stage +- A-op1 - A-op2 
M pipeline first stage +- M -op 1- x M -op2 

pfmul.p fsrel, fsre2, fdest .................................................. Pipelined Floating-Point Multiply 
fdest +- last stage multiplier result 
Advance M pipeline one stage 
M pipeline first stage +- fsrel x fsre2 

pfmul3.dd fsrel, fsre2, fdest .................................................. Three-Stage Pipelined Multiply 
fdest +- last stage multiplier result 
Advance 3-Stage M pipeline one stage 
M pipeline first stage +- fsrel x fsre2 

pform fsrel, fdest ............................................................. Pipelined OR to MERGE Register 
fdest +- last-stage graphics-unit result 
last-stage graphics-unit result +- fsrel OR MERGE 
MERGE +- 0 

pfsm.p fsrel, fsre2, fdest ............................ Pipelined Floating-Point Subtract and Multiply 
fdest +-last stage adder result _ 
Advance A and M pipeline one stage (operands accessed before advancing 

pipeline) 
A pipeline first stage +- A-op1 - A-op2 
M pipeline first stage +- M -op 1 x M -op2 

pfsub.p fsrel, fsre2, fdest .................................................. Pipelined Floating-Point Subtract 
fdest +- last stage adder result 
Advance A pipeline one stage 
A pipeline first stage +- fsrel - fsre2 

pftrunc.v fsrel, fdest .................................... Pipelined Floating-Point to Integer Conversion 
fdest +- last stage adder result 
Advance A pipeline one stage 
A pipeline first stage +- 64-bit value with low-order 32 bits 

equal to integer part of fsrel 

pfzchkl fsrel, fsre2, fdest ..................................................... Pipelined 32-Bit Z-Buffer Check 
Consider the 64-bit operands as arrays of two 32-bit 

fields fsrel (1 ).!srel (0), fsre2(1 ).!sre2(0), and fdest(l) .!dest(O) 
where zero .denotes the least-significant field. 

PM +- PM shifted right by 2 bits 
FOR i = 0 to 1 
DO 

PM [i + 6] +- fsre2(i) ~ fsrel (i) (unsigned) 
fdest(i) +- last-stage graphics-unit result 
last-stage graphics-unit result +- smaller of fsre2(i) and fsrel (i) 

OD, 
MERGE +- 0 
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INSTRUCTION SET SUMMARY 

pfzehks fsrcl, fsrc2, fdest .................................................... Pipelined 16-Bit Z-BufTer Check 
Consider the 64-bit operands as arrays of four 16-bit 

fields fsrcl (3).fsrcl (0), fsrc2(3).fsrc2(0), and fdest(3) .. fdest(0) 
where zero denotes the least-significant field. 

PM +- PM shifted right by 4 bits 
FOR i = 0 to 3 
DO 

PM [i + 4] +- fsrc2(i) $ fsrcl (i) (unsigned) 
fdest +- last-stage graphics-unit result 
last-stage graphics-unit result (i) +- smaller of fsrc2(i) and fsrcl (i) 

OD 
MERGE +- 0 

pst.d fdest, #const(isrc2) ......................................................................................... Pixel Store 
pst.d fdest, #const(isrc2) + + ....................................................... Pixel Store Autoincrement 

Pixels enabled by PM in mem.d (isrc2 + #const) +- fdest 
Shift PM right by 8/pixel size (in bytes) bits 
IF autoincrement 
THEN isrc2 +- #const + isrc2 
FI 

seye.x isrc2 ......................................................................................................... Special Cycles 
Generate a special bus cycle (D/C# = 0, W/R# = 1, M/IO# = 0) and 
set BE7#-BEO# according to the value contained in the register isrc2 
NOTE: Not available with the i860 XR CPU 

shl isrcl, isrc2, idest ................................................................................................... Shift Left 
idest +- isrc2 shifted left by isrcl bits 

shr isrcl, isrc2, idest ................................................................................................ Shift Right 
SC (in psr) +- isrcl 
idest +- isrc2 shifted right by isrcl bits 

shra isrcl, isrc2, idest ........................................................................... Shift Right Arithmetic 
idest +- isrc2 arithmetically shifted right by isrcl bits 

shrd isrclni, isrc2, idest ..................... , ........................................................ Shift Right Double 
idest +- low-order 32 bits of isrclni:isrc2 shifted right by SC bits 

st.e isrclni, csrc2 ............................................................................. Store to Control Register 
csrc2 +- srcl ni 

st.x isrcl ni, #const(isrc2) .................................................................................... Store Integer 
mem.x (isrc2 + #const) +- isrclni 

stio.x isrcl ni, isrc2 .. .................................................................................................... Store I/O 
port.x (isrc2) +- isrclni 
NOTE: Not available with the i860 XR CPU 
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INSTRUCTION SET SUMMARY 

subs isrcl, isrc2, idest .... ................................................................................. Subtract Signed 
idest ~ isrcl - isrc2 
OF ~ (bit 31 carry 7: bit 30 carry) 
CC set if isrc2 > isrcl (signed) 
CC clear if isrc2 :5 isrcl (signed) 

subu isrcl, isrc2, idest ................................................................................ Subtract Unsigned 
idest ~ isrcl - isrc2 
OF ~ NOT (bit 31 carry) 
CC ~ bit 31 carry 
(i.e., CC set if isrc2 :5 isrcl (unsigned) 

CC clear if isrc2 > isrcl (unsigned)) 

trap isrcl ni, isrc2, idest ...................................................................................... Software Trap 
Generate trap with IT set in psr 

unlock ............................................................................................. End Interlocked Sequence 
Clear BL in dirbase. The next load or store 
unlocks the bus. Interrupts are enabled. 

xor isrcl, isrc2, idest .............................................................................. Logical Exclusive OR 
idest ~ isrcl XOR isrc2 
CC set if result is zero, cleared otherwise 

xorh #const, isrc2, idest ......................•........................................ Logical Exclusive OR High 
idest ~ (#const shifted left 16 bits) XOR isrc2 
CC set if result is zero, cleared otherwise 
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APPENDIX B 
INSTRUCTION FORMAT AND ENCODING 

All instructions are 32 bits long and begin on a four-byte boundary. When operands are 
registers, the encodings shown in the following table are used: 

Register Encoding 

rO 0 

r31 31 

fO 0 

f31 31 

Fault Instruction 0 
Processor Status 1 
Directory Base 2 
Data Breakpoint 3 
Floating-Point Status 4 
Extended Processor Status 5 

Bus Error Address* 6 
Concurrency Control* 7 

pO* 8 
p1* 9 
p2* 10 
p3* 11 

NOTE: 
* Available only with i860 XP CPU. Using these encodings with the i860 XR CPU produces undefined 

results. 

Among the core instructions, there are two general formats: REG-format and CTRL­
format. Within the REG-format are several variations. 
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INSTRUCTION FORMAT AND ENCODING 

REG-Format Instructions 

General Format 

313029 28 2726/25 242322 21/20 19 18 1718/1514 13 12 11/10 9 8 7 8 5 4 3 2 1 0 

OPCODE/I SRC2 DEST SRC1 
IMMEDIATE, OFFSET, 

OR NULL 

\ \ \ \ 

16-Bit Immediate (except bte and btne) 

/3130 29 26 27/26/25 242322 21120 19 18 1718it5 14 13 12 11 10 9 8 7 8 5 4 3 2 1 0 < 

OPCODE 1 SRC2 DEST IMMEDIATE 

\ \ \ \ 

st, bla, bte, and btne 

/31 30 29 28 2726/25 24 2322 21/20 19 18 17 ,0/,5 14 13 12 11/10 9 8 7 0 5 4 3 2 1 0 

OPCODE/I SRC2 
OFFSET SRC1 

OFFSET LOW 
HIGH SRC1S 

\ \ \ \ \ 

bte and btne with 5-Bit Immediate 

/31 3029 26 27/26/25 242322 21/20 19 18 17 18/15 14 13 12 11/,0 9 8 7 8 5 4 3 2 1 0 

OPCODE 1 SRC2 
OFFSET 

IMMEDIATE OFFSET LOW 
HIGH 

\ \ \ \ 

240875ib-1 

In these instructions, the src2 field selects one of the 32 integer registers (for most 
instructions) or one of the control registers (for st.c and Id.c). Dest selects one of the 32 
integer registers (for most instructions) or floating-point registers (for fld, fst, pfld, pst, 
ixfr). For instructions where srcl is optionally an immediate constant or address offset, 
bit 26 of the opcode (I-bit) indicates whether srcl is immediate. If bit 26 is clear, an 
integer register is used; if bit 26 is set, srcl is contained in the low-order 16 bits, except 
for bte and btne instructions. For bte and btne, the five-bit immediate value is contained 
in the srcl field. For st, bte, btne, and bla, the upper five bits of the offset or broffset are 
contained in the dest field instead of srcl, and the lower 11 bits of offset are the lower 11 
bits of the instruction. 
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INSTRUCTION FORMAT AND ENCODING 

For Id and st, bits 28 and 0 determine operand size as follows: 

Bit 28 Bit 0 Operand Size 

a a 8 bits 

a 1 8 bits 

1 0 16 bits 

1 1 32 bits 

When srcl is immediate and bit 28 is set, bit 0 of the immediate value is forced to zero. 

For fld, fst, pfld, pst, and flush, bit 0 selects autoincrement addressing if set. For fld, fst, 
pfld, and pst, bits 1 and 2 select the operand size as follows: 

Bit 1 Bit 2 Operand Size 

a a 64 bits 

a 1 128 bits* 

1 0 32 bits 

1 1 32 bits 

NOTE: *The 128-bit encoding for pfld is not available with the i86a XR CPU. 

For flush, bits 1 and 2 must be zero. 

When srcl is immediate, bits 0 and 1 of the immediate value are forced to zero to 
maintain alignment. When bit 1 of the immediate value is clear, bit 2 is also forced to 
zero. 
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INSTRUCTION FORMAT AND ENCODING 

REG-Format Opcodes 

Id.x Load Integer 
st.x Store Integer 
ixfr Integer to F-P Reg Transfer 
- (reserved) 

fld.x, fst.x Load/Store F-P 
flush Flush 
pst.d Pixel Store 
Id.c, st.c Load/Store Control Register 

bri Branch Indirect 
trap Trap 
- (Escape for F-P Unit) 
- (Escape for Core Unit) 
bte, btne Branch Equal or Not Equal 
pfld.y Pipelined F-P Load 
- (CTRL-Formaf Instructions 

addu, -s, subu, -s, Add/Subtract 
shl, shr Logical Shift 
shrd Double Shift 
bla Branch LCC Set and Add 
shra Arithmetic Shift 

and (h) AND 
andnot(h) ANDNOT 
or(h) OR 
xor(h) XOR 
- (reserved) 

L Integer Length 
o -8 bits 
1 -16 or 32 bits (selected by bit 0) 

LS Load/Store 
o -Load 
1 -Store 

SO Signed/Ordinal 
o -Ordinal 
1 -Signed 

H High 
o -and, or, andnot, xor 
1 - andh, orh, andnoth, xorh 
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31 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

30 29 28 27 

0 0 L 0 
0 0 L 1 
0 0 0 1 
0 0 1 1 

0 1 0 LS 
0 1 1 0 
0 1 1 1 
0 1 1 LS 

1 0 0 0 
1 0 0 0 
1 0 0 1 
1 0 0 1 
1 0 1 E 
1 1 0 0 
1 1 x x 

0 0 SO AS 
0 1 0 LR 
0 1 1 0 
0 1 1 0 
0 1 1 1 

1 0 0 H 
1 0 1 H 
1 1 0 H 
1 1 1 H 
1 x x 1 

AS Add/Subtract 
o -Add 
1 -Subtract 

LR Left/Right 
o - Left Shift 
1 - Right Shift 

E Equal 
o - Branch on Unequal 
1 - Branch on Equal 
Immediate 
o - src1 is register 
1 - src1 is immediate 

26 

I 
1 
0 
0 

I 
1 
1 
0 

0 
1 
0 
1 
I 
I 
x 

I 
I 
0 
1 
I 

I 
I 
I 
I 
0 



INSTRUCTION FORMAT AND ENCODING 

Core Escape Instructions 

/313029282726/2524232221/20/11181716/1514131211/1011/8765/4 32 I 0 
" 

", 

SRC2 DEST SRC1 SIZE I;~, ~ol OPCODE " o 1 001 1 
,:;,:1 

\ \ \ \ \ \ 

D RESERVED BY INTEL CORPORATION (SET TO ZERO) 

NOTE: 
FIELDS NOT USED BY AN INSTRUCTION ARE RESERVED AND MUST BESET TO ZERO. 

240875ib-2 

Core Escape Opcodes 

4 3 2 o 
- (reserved) 0 0 0 0 0 
lock Begin Interlocked Sequence 0 0 0 0 1 
calli Indirect Subroutine Call 0 0 0 1 0 
- (reserved) 0 0 0 1 1 
intovr Trap on Integer Overflow 0 0 1 0 0 
- (reserved) 0 0 1 0 1 
- (reserved) 0 0 1 1 0 
unlock End Interlocked Sequence 0 0 1 1 1 
Idio* Load I/O 0 1 0 0 0 
stio* Store I/O 0 1 0 0 1 
Idint* Load Interrupt Vector 0 1 0 1 0 
scyc* Special Cycles 0 1 0 1 1 
- (reserved) 0 1 1 x x 
- (reserved) 1 0 x x x 
- (reserved) 1 1 x x x 

NOTE: 
* Available only with i860 XP CPU, not with i860 XR CPU. 

For the instructions Idio, stio, Idint, and seye, the operand size is encoded by bits 9 and 
10 as follows. For other instructions, these bits are reserved and should be set to zero. 

Operand Size Bit 10 Bit 9 

8 Bits (.b) 0 0 

16 Bits (.s) 0 1 

32 Bits (.I) 1 0 

reserved 1 1 
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INSTRUCTION FORMAT AND ENCODING 

CTRL-Format Instructions 

/31 3() 29/28 27 1!(J/25 242322 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 8 5 4 3 2 1 0 

o 1 1 ope BROFFSET 

\ \ \ 

NOTE: 
BROFFSET IS A SIGNED 26-BIT RELATIVE BRANCH OFFSET 

240875ib·3 

CTRL-Format Opcodes 

28 27 26 

br Branch Direct 0 1 0 
call Call 0 1 1 
bc(.t) Branch on CC Set 1 0 T 
bnc(.t) Branch on CC Clear 1 1 T 

T Taken 
o -bc or bnc 
1 - bc.t or bnc.t 
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INSTRUCTION FORMAT AND ENCODING 

Floating-Point Instructions 

/31 ,J() 29 28 2726/25 242322 21/20 19 18 1716/15 14 13 12 11/10/9/8/7/6 5 4 3 2 1 0 

0 1 0 0 1 0 SRC2 DEST SRC1 P D S R OPCODE 

\ \ \ \ \ \ \ \ \ 

- Source; one of 32 floating-point registers SRC1, SRC2 
DEST - Destination; one of 32 floating-point registers 

p 

D 

(except fxfr; one of 32 integer registers) 

Pipelining* 
1 - Pipelined instruction mode 
o - Scalar instruction mode 
Dual-Instruction Mode 
1 - Dual-instruction mode 
o -Single-instruction mode 

S 

R 

8-7 

Source Precision 
1 - Double-precision source operands 
o -Single-precision source operands 
Result Precision** 
1 - Double-precision result 
o -Single-precision result 
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INSTRUCTION FORMAT AND ENCODING 

Floating-Point Opcodes 

6 5 4 3 2 o 
pfam Add and Multiply* 0 0 0 OPC pfmam Multiply with Add* 
pfsm Subtract and Multiply* 0 0 1 OPC pfmsm Multiply with Subtract* 

(p)fmul Multiply 0 1 0 0 0 0 0 
fmlow Multiply Low 0 1 0 0 0 0 1 
frep Reciprocal 0 1 0 0 0 1 0 
frsqr Reciprocal Square Root 0 1 0 0 0 1 1 
pfmul3.dd 3-Stage Pipelined Multiply 0 1 0 0 1 0 0 

(p)fadd Add 0 1 1 0 0 0 0 
(p)fsub Subtract 0 1 1 0 0 0 1 
(p)fix Fix 0 1 1 0 0 1 0 
(p)famov Adder Move 0 1 1 0 0 1 1 
pfgt/pfle** Greater Than 0 1 1 0 1 0 0 
pfeq Equal 0 1 1 0 1 0 1 
(p)ftrune Truncate 0 1 1 1 0 1 0 

fxfr Transfer to Integer Register 1 0 0 0 0 0 0 
(p)fiadd Long-Integer Add 1 0 0 1 0 0 1 
(p)fisub Long-Integer Subtract 1 0 0 1 1 0 1 

(p)fzehkl Z-Check Long 1 0 1 0 1 1 1 
(p)fzehks Z-Check Short 1 0 1 1 1 1 1 
(p)faddp Add with Pixel Merge 1 0 1 0 0 0 0 
(p)faddz Add with Z Merge 1 0 1 0 0 0 1 
(p)form OR with MERGE Register 1 0 1 1 0 1 0 

NOTE: 
All opcodes not shown are reserved. 
* pfam and pfsm have P-bit set; pfmam and pfmsm have P-blt clear. 

** pfgt has R bit cleared; pfle has R bit set. -
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INSTRUCTION FORMAT AND ENCODING 

Data Path Encoding 

OPC PFAM PFSM M-Unit M-Unit A-Unit A-Unit T K 
Mnemonic Mnemonic op1 op2 op1 op2 Load Load* 

0000 r2p1 r2s1 KR src2 src1 M result No No 
0001 r2pt r2st KR src2 T M result No Yes 
0010 r2ap1 r2as1 KR src2 src1 A result Yes No 
0011 r2apt r2ast KR src2 T A result Yes Yes 

0100 i2p1 i2s1 KI src2 src1 M result No No 
0101 i2pt i2st KI src2 T M result No Yes 
0110 i2ap1 i2as1 KI src2 src1 A result Yes No 
0111 i2apt i2ast KI src2 T A result Yes Yes 

1000 rat1p2 rat1s2 KR A result src1 src2 Yes No 
1001 m12apm m12asm src1 src2 A result M result No No 
1010 ra1p2 ra1s2 KR A result src1 src2 No No 
1011 m12Hpa m12Hsa src1 scr2 T A result Yes No 

1100 iat1p2 iat1s2 KI A result src1 src2 Yes No 
1101 m12tpm m12tsm src1 src2 T M result No No 
1110 ia1p2 ia1s2 KI A result src1 src2 No No 
1111 m12tpa m12tsa src1 src2 T A result No No 

OPC PFMAM PFMSM M-Unit M-Unit A-Unit A-Unit T K 
Mnemonic Mnemonic op1 op2 op1 op2 Load Load* 

0000 mr2p1 mr2s1 KR src2 src1 M result No No 
0001 mr2pt mr2st KR src2 T M result No Yes 
0010 mr2mp1 mr2ms1 KR src2 src1 M result Yes No 
0011 mr2mpt mr2mst KR src2 T M result Yes Yes 

0100 mi2p1 mi2s1 KI src2 src1 M result No No 
0101 mi2pt mi2st KI src2 T M result No Yes 
0110 mi2mp1 mi2ms1 KI src2 src1 M result Yes No 
0111 mi2mpt mi2mst KI src2 T M result Yes Yes 

1000 mrmt1p2 mrmt1s2 KR M result src1 src2 Yes No 
1001 mm12mpm mm12msm src1 src2 M result M result No No 
1010 mrm1p2 mrm1s2 KR M result src1 src2 No No 
1011 mm12Hpm mm12Hsm src1 src2 T M result Yes No 

1100 mimt1p2 mimt1s2 KI M result src1 src2 Yes No 
1101 mm12tpm mm12tsm src1 src2 T M result No No 
1110 mim1p2 mim1s2 KI M result src1 src2 No No 
1111 Intel Reserved 

NOTE: *If K-Ioad is set, KR is loaded when operand-1 of the multiplier is KR; KI is loaded when operand-1 
of the multiplier is KI. 
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APPENDIX C 
INSTRUCTION TIMINGS 

Generally, i860 microprocessor instructions take one clock to execute unless a freeze 
condition is invoked. Detailed times, along with freeze conditions and their associated 
delays, are shown in the table on the following pages. The following symbols are used for I!I 
brevity in the timing table: Ii:I 
+n 

~n 

n .. m 

XR: 

XP: 

OA 

Rl 

R2 

RL 

RLI 

RN 

RX 

n clocks must be added to the execution time if the stated condi­
tions apply. 

The processor requires at least n clocks between the indicated 
instructions. The actual delay will be n minus the number of clocks 
for executing intervening instructions (or dual-mode pairs). If the 
time for intervening instructions is ~ n, there is no delay. 

Indicates a range of clocks. These cases are accompanied by a 
reference to a note where further explanation is available. 

Applies to i860 XR microprocessors only. 

Applies to i860 XP microprocessors only. 

The number of clocks to finish all outstanding accesses. 

The number of clocks from ADS# through the first READY # 
(80860XR) or BRDY # (80860XP) of the indicated bus activity. 

The number of clocks from ADS# through the second READY # 
or BRDY#. 

The number of clocks from ADS# through the last READY # or 
BRDY#. 

XP: The number of clocks through last BRDY # of first access. 

XR: The number of clocks until next nonrepeated address can be 
issued (i.e., an address that is not the 2nd-4th cycle of a cache fill, 
the 2nd-8th cycle of ct· GS8 mode instruction fetch, nor the 2nd 
cycle of a 128-bit write). 

The number of clocks through READY# or BRDY# for the next 
64-bit-or-Iess write cycle or second READY # or BRDY # for the 
next 128-bit write cycle. 
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Notes: 

a. 

b. 

c. 

TLB 

INSTRUCTION TIMINGS 

"Ad-dress path full" means one address internally waiting for bus 
while external bus pipeline full. 

"Store path full" means two stores or one 256-bit write-back inter­
nally waiting for bus plus external bus pipeline full. 

If a floating-point instruction, graphics-unit instruction, fst, or pst 
is executed when a scalar floating-point operation (other than frcp 
or frsqr) is in progress, the scalar operation must complete first: 
two additional clocks for fadd, fix, fmlow, fmul.ss, fmul.sd, ftrunc, 
and fsub; three additional clocks for fmul.dd. Add one if either or 
both of these situations occur: 

1. There is an overlap between the result register of the previous 
scalar operation and the source bf the floating-point operation, 
and the destination precision of the scalar operation differs 
from the source precision of the floating-point operation. 

2. The floating-point operation is pipelined and its destination is 
not fO. 

TLB miss. Five clocks plus the number of clocks to finish two 
reads plus the number of clocks to set A-bits (if necessary). 

In addition, any instruction may be delayed due to an instruction cache miss or TLB miss 
during the instruction fetch. The time for a TLB miss is shown above in note TLB. An 
instruction cache miss adds the following delays: 

• The number of clocks to get the next instruction from the bus (ADS# clock to first 
READY# or BRDY# clock, inclusive). 

• XR: When any of the instructions in the new instruction-cache line is a branch or call 
or causes a freeze, the time through the last READY # for the new line. 

• If the data cache is being accessed when the instruction-cache miss occurs, two clocks 
for data cache miss; one clock for hit. 

Not included in the table is the delay caused by a trap. This depends on the trap 
handler. 

In dual instruction mode, each pair of instructions requires the maximum of the times 
required by each individual instruction. 
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Instruction 

adds 

addu 

and 

andh 

andnot 

andnoth 

bc 

bc.t 

bla 

bnc 

bnc.t 

br 

bri 

bte 

btne 

call 

calli 

fadd.p 

faddp 

faddz 

famov.r 

fiadd.w 

Execution 
Clocks 

1 
2 
+1 

1 
2 
+1 

1 
2 

(same as bc) 

(same as bc.t) 

1 

2 

1 
3 

(same as bte) 

1 
+ 1 
+1 +R1 
+1 +R2 

2 
+ 1 
+1 +R1 
+1 +R2 

1 
~2 . .4 

1 
+1 

~2 . .4 

(same as faddp) 

INSTRUCTION TIMINGS 

Condition 

If branch not taken. 
If branch taken. 
If the prior instruction is addu, adds, subu, subs, pfeq, or pfgt. 

If branch taken. 
If branch not taken. 
If the prior instruction is addu, adds, subu, subs, pfeq, or pfgt. 

If branch taken. 
If branch not taken. 

If branch not taken. 
If branch taken. 

If r1 referenced in next instruction. 
If data cache load miss in progress for a read of less than 128 bits. 
If data cache load miss in progress for 128-bit read. 

If r1 referenced in next instruction. 
If data cache load miss in progress for a read of less than 128 bits. 
If data cache load miss in progress for 128-bit read. 

( ... and all other A-unit instructions except dual operations) 
If executed when a scalar floating-point operation (other than frcp 
or frsqr) is in progress.c 

( ... and all other G-unit instructions except fiadd.w, fxfr) 
If fdest is used by next instruction and next instruction is G-, M- or 
A-unit instruction 
If executed when a scalar floating-point operation (other than frcp 
or frsqr) is in progress.c 

(same as fadd.p) 

1 
+ 1 

+1 

~2 . .4 

If fdest is used by next instruction and next instruction is M- or 
A-unit instruction (except when fiadd is used for fmov.dd or 
fmov.ss). 
If fdest is used by next instruction and next instruction is G-unit 
instruction. 
If executed when a scalar floating-point operation (other than frcp 
or frsqr) is in progress. C 
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Instruction 

fisub.w 

fix.v 

fld.y 

flush 

fmlow.dd 

fmov.r 

fmul.p 

fnop 

form 

frcp.p 

frsqr.p 

fst.y 

Execution 
Clocks 

INSTRUCTION TIMINGS 

Condition 

(same as faddp) 

(same as fadd.p) 

1 
+ 1 
~2 

+1 +R1 
+1 +R2 
+1 +RL 
~2 

+2 

+R2 
+RN 
+RL1 
+TLB 

1 
~3 

~2 

+R2 
+1 +RX 
+TLB 

1 
+1 

+1 
~2 . .4 

If this is the instruction after an st, fst or pst that hits the data 
cache. 
If fdest is referenced in the next two instructions. 
If 32-bit fld.l or 64-bit fld.d misses the data cache. 
If 128-bit fld.q misses the data cache. 
If data cache load miss in progress (except in the following case). 
XP: If this instruction follows a data cache access that misses in the 
virtual tags but hits in the physical tags. 
XP: If the prior instruction is a pfld.y that hits a modified line in the 
data cache. 
XP: If data-cache line write-back due to snoop is in progress. 
XR: If address path full.a 

XP: If address path full. a 

If TLB miss. 

XR: If preceded by another flush. 
XP: If preceded by another flush. 
XP: If data-cache line write-back due to snoop is in progress. 
If flush to modified line when store path full. b 

If TLB miss. 

( ... and all other M-unit instructions except dual operations) 
If fsrc1 refers to result of the prior operation (either scalar or 
pipelined). 
If the prior operation is a double-precision multiply. 
If executed when a scalar floating-point operation (other than frcp 
or frsqr) is in progress.c 

fmov.ss and fmov.dd same as fiadd.w 
fmov.sd and fmov.ds same as fadd.p 

(same as fmlow.dd) 

1 

(same as faddp) 

(same as fmlow.dd) 

(same as fmlow.dd) 

1 
+1 

+1 +RL 
+2 

+R2 
~2 . .4 

+RN 
+RL1 
+1 +RX 
+TLB 

If followed by pipelined floating-point operation that overwrites the 
register being stored. 
If data cache load miss in progress. 
XP: If the prior instruction is a pfld.y that hits a modified line in the 
data cache. 
XP: If this instruction follows a data cache access that misses in the 
virtual tags but hits in the physical tags. 
XP: If data-cache line write-back due to snoop is in progress. 
If executed when a scalar floating-point operation (other than frcp 
or frsqr) is in progress.c 

XR: If address path full. a 

XP: If address path full. a 

If cache miss when store path full. b 

If TLB miss. 
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Instruction 

fsub.p 

ftrunc.v 

fxfr 

fzchkl 

fzchks 

intovr 

ixfr 

Id.c 

Id.x 

Idint.x 

Idio.x 

lock 

mov 

nop 

or 

orh 

pfadd.p 

pfaddp 

pfaddz 

Execution 
Clocks 

INSTRUCTION TIMINGS 

Condition 

(same as fadd.p) 

(same as fadd.p) 

1 
+1 
+1 +R1 
+1 +R2 
~2 .. 4 

If idest referenced in next instruction. 
If data cache load miss in progress for 64-bit read. 
If data cache load miss in progress for 128-bit read. 
If executed when a scalar floating-point operation (other than frcp 
or frsqr) is in progress.c 

(same as faddp) 

(same as faddp) 

1 

1 
+1 +R1 
+1 +R2 
~2 

1 
+1 
+1 +R1 
+1 +R2 

1 
+1 
+1 

+1 +RL 
~1 +R1 

~2 

+2 

+R2 
+RN 
+RL1 
+1 +RX 
+TLB 

1 + OA 

+ OA 

If data cache load miss in progress for 64-bit read. 
If data cache load miss in progress for 128-bit read. 
If fdest is referenced in the next two instructions. 

If idest referenced in next instruction. 
If data cache load miss in progress for 64-bit read. 
If data cache load miss in progress for 128-bit read. 

If idest referenced in next instruction. 
If this is the instruction after an st, fst or pst that hits the data 
cache. 
If data cache load miss in progress. 
If Id.x misses the data cache and a subsequent instruction refer­
ences the idest of the Id.x (exm·1pt for following case). 
XP: If this instruction follows a data cache access that misses in the 
virtual tags but hits in the physical tags. 
XP: If the prior instruction is a pfld.y that hits a modified line in the 
data cache. 
XP: If data-cache line write-back due to snoop is in progress. 
XR: If address path full.a 

XP: If address path full. a 

If cache miss when store path full. b 

If TLB miss. 

(same as fadd.p) 

(same as faddp) 

(same as faddp) 
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Instruction 

pfam.p 

pfamov.r 

pfeq.p 

pfgt.p 

pfiadd.w 

pfisub.w 

pfix.v 

, pfld.y 

pfle.p 

pfmam.p 

pfmov.r 

pfmsm.p 

pfmul.p 

pfmul3.dd 

pform 

pfsm.p 

pfsub.p 

pftrunc.v 

pfzchkl 

pfzchks 

pst.d 

scyc.x 

shl 

shr 

shra 

Execution 
Clocks 

INSTRUCTION TIM.INGS 

Condition 

1 ( ... and all other dual operations) 
+ 1 If fsrc1 refers to result of the prior operation (either scalar or 

pipelined). 
+ 1 If the prior operation is a double-precision multiply. 
~2 .. 4 If executed when a scalar floating-point operation (other than frcp 

or frsqr) is in progress.c 

(same as fadd.p) 

(same as fadd.p) 

(same as fadd.p) 

(same as faddp) 

(same as faddp) 

(same as fadd.p) 

1 
+ 1 + RL 
~2 

+ 1 + RL1 
+2+0A 
+2 

+R2 
+RN 
+RL1 
+TLB 

1 

If data cache load miss in progress. 
If fdest is referenced in the next two instructions. 
If three pfld's are outstanding. 
XR: If pfld hits data cache. 
XP: If the prior instruction is a pfld.y that hits a modified line in the 
data cache. 
XP: If this instruction follows a data cache access that misses in the 
virtual tags but hits in the physical tags. 
XP: If data-cache line write-back due to snoop is in progress. 
XR: If address path fulLa 
XP: If address path fulLa 
If TLB miss. 

(same as pfam.p) 

pfmov.ss and pfmov.dd same as faddp 
pfmov.sd and pfmov.ds same as fadd.p 

(same as pfam.dd) 

(same as fmlow.dd) 

(same as fmlow.dd) 

(same as faddp) 

(same as pfam.dd) 

(same as fadd.p) 

(same as fadd.p) 

(same as faddp) 

(same as faddp) 

(same as fst.d) 

1 + OA 
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Instruction 

shrd 

st.c 

st.x 

stio.x 

subs 

subu 

trap 

unlock 

xor 

xorh 

Execution 
Clocks 

1 

3 
+ 1 + R1 
+1 +R2 

1 
+ 1 + RL 
+2 

+R2 
+RN 
+RL1 
+1 +RX 
+TLB 

1 + OA 

INSTRUCTION TIMINGS 

Condition 

If data cache load miss in progress for a read of less than 128 bits, 
If data cache load miss in progress for 128-bit read. 

If data cache load miss in progress, 
XP: If the prior instruction is a pfld.y that hits a modified line in the 
data cache, 
XP: If this instruction follows a data cache access that misses in the 
virtual tags but hits in the physical tags, 
XP: If data-cache line write-back due to snoop is in progress, 
XR: If address path fu",a 
XP: If address path fu",a 
If cache miss and store path fu",a 
If TLB miss, 
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APPENDIX D 
INSTRUCTION CHARACTERISTICS 

The following table lists some of the characterisics of each instruction. The characteris­
tics are: 

• What processing unit executes the instruction. The codes for processing units are: 

A Floating-point adder unit 
E Core execution unit 
G Graphics unit 
M Floating-point multiplier unit 

• Whether the instruction is pipelined or not. A P indicates that the instruction is 
pipelined. 

• Whether the instruction is a delayed branch instruction. A D marks the delayed 
branches. 

• Whether execution is suppressed in user mode. An SU marks supervisor-only 
instructions. 

• Whether the instruction is available on both the i860 XR and i860 XP microproces­
sors. An XL marks instructions that are available only on the i860 XP microprocessor. 

• Whether the instruction changes the condition code CC. A CC marks those 
instructions that change CC. 

• Which faults can be caused by the instruction. The codes used for exceptions are: 

IT Instruction Fault 
SE Floating-Point Source Exception 
RE Floating-Point Result Exception, including overflow, underflow, inexact 

result 
DAT Data Access Fault 

Note that this is not the same as specifying at which instructions faults may be 
reported. A result exception is reported on the subsequent floating-point instruction, 
pst, fst, or sometimes fld, pfld, and ixfr. 

The instruction access fault IAT and the interrupt trap IN are not shown in the table 
because they can occur for any instruction. 

• Performance notes. These comments regarding optimum performance are recommen­
dations only. If these recommendations are not followed, the i860 microprocessor 
automatically waits the necessary number of clocks to satisfy internal hardware 
requirements. The following notes define the numeric codes that appear in the 
instruction table: 

1. The following instruction should not be a conditional branch (be, bnc, be.t, or 
bne.t). 

2. The destination should not be a source operand of the next two instructions. 

3. A load should not directly follow a store that is expected to hit in the data cache. 

4. When the prior instruction is scalar, fsrcl should not be the same as the fdest of 
the prior operation. 
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INSTRUCTION CHARACTERISTICS 

5. The idest should not reference the destination of the next instruction if that 
instruction is a pipelined floating-point operation. 

6. The destination should not be a source operand of the next instruction. (For call 
and calli, the destination is r1.) 

7. When the prior operation is scalar and multiplier opl is fsrel, isre2 should not be 
the same as the idest of the prior operation. 

8. When the prior operation is scalar, srel and sre2 of the current operation should 
not be the same as dest of the prior operation. 

9. A pfld should not immediately follow a pfld. 

• Programming restrictions. These indicate combinations of conditions that must be 
avoided by programmers, assemblers, and compilers. The following notes define the 
alphabetic codes that appear in the instruction table: 

a. The sequential instruction following a delayed control-transfer instruction may 
not be another control-transfer instruction, nor the target of a control-transfer 
instruction. 

b. When using a bri to return from a trap handler, programmers should take care 
to prevent traps from occurring on that or on the next sequential instruction. 1M 
should be zero (interrupts disabled) when the bri is executed. 

c. If idest is not zero, isrel must not be the same as idest. 

d. When fsrel goes to multiplier opl or to KR or KI, fsrel must not be the same as 
fdest. 

e. If dest is not zero, srel and sre2 must not be the same as dest. 

f. Isrel must not be the same register as isre2 for the autoincrementing form of this 
instruction. 

g. Isrel must not be the same register as isre2. 
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Pipelined? 

Instruction Execution Delayed? Sets Faults 
Performance Programming 

Unit Supervisor? CC? Notes Restrictions 
XP Only? 

adds E CC 1 
addu E CC 1 
and E CC 
andh E CC 
andnot E CC 

andnoth E CC 
bc E 
bc.t E D a 
bla E D a, 9 
bnc E 

bnc.t E D a 
br E D a 
bri E D a, b 
bte E 
btne E 

call E D 6 a 
calli E D 6 a 
fadd.p A SE,RE 
faddp G 8 
faddz G 8 

famov.r A SE,RE 
fiadd.w G 8 
fisub.w G 8 
fix.p A SE,RE 
fld.y E DAT 2, 3 f 

flush E 
fmlow.dd M 4 
fmul.p M SE,RE 4 
form G 8 
frcp.p M SE,RE 

frsqr.p M SE,RE 
fst.y E DAT 5 f 
fsub.p A SE,RE 
ftrunc.p A SE,RE 
fxfr G 6,8 

fzchkl G 8 
fzchks G 8 
intovr E IT 
ixfr E 2 
Id.c E 

Id.x E DAT 6 
Idint.x E SU,XP DAT 
Idio.x E SU,XP DAT 
lock E 
or E CC 
orh E CC 
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Pipelined? 

Instruction Execution Delayed? Sets Faults Performance Programming 
Unit Supervisor? CC? Notes Restrictions 

XP Only? 

pfadd.p A P SE, RE* 
pfaddp G P * 8· e 
pfaddz G P * 8 e 
pfam.p A&M P SE, RE* 7 d 
pfamov.r A P SE, RE* 

pfeq.p A P CC SE* 1 
pfgt.p A P CC SE* 1 
pfiadd.w G P * 8 e 
pfisub.w G P * 8 e 
pfix.p A P SE, RE* 

pfld.y E P, (XP)** OAT* 2, 9 f 
pfmam.p A&M P SE, RE* 7 d 
pfmsm.p A&M P SE,RE* 7 d 
pfmul.p M P SE, RE* 4 c 
pfmul3.dd M P SE, RE* 4 c 

pform G P * 8 e 
pfsm.p A&M P SE, RE* 7 d 
pfsub.p A P SE, RE* 
pftrunc.p A P SE, RE* 
pfzchkl G P * 8 

pfzchks G P * 8 
pst.d E OAT 5 f 
scyc.x E SU,XP OAT 
shl E 
shr E 

shra E 
shrd E 
st.c E 
st.x E OAT 
stio.x E SU,XP OAT 

subs E CC 1 
subu E CC 1 
trap E IT 
unlock E 
xor E CC 
xorh E CC 

NOTES: 
*On the i860 XP microprocessor, the pipelined instructions can generate IT with PI. 

**On the i860 XR microprocessor, the 128-bit pfld.q is not available. If used it causes an instruction trap. 
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APPENDIX E 
COMPATIBILITY BETWEEN 

i860™ XR AND i860™ XP MICROPROCESSORS 

REQUIRED CHANGES 

To port existing systems software from the i860 XR microprocessor to the i860 XP 
microprocessor, the following changes may be required. Applications software does not 
require changes. 

1. Data cache flush. All four ways of the data cache must be flushed on the i860 XP II 
microprocessor. The cache flush routine can be modified to check processor type in 
epsr or the DCS field of dirbase and flush the appropriate number of ways. 

2. Parity and bus error traps. If the i860 XP system signals these errors, the trap 
handler must be extended to handle them. Software must avoid testing the BEF and 
PEF bits unless executing on the i860 XP microprocessor. 

3. LOCK# deactivation. On the i860 XP microprocessor, traps do not automatically 
deactivate the LOCK# signal, so the trap handler must do a data access to deacti­
vate LOCK#. Trap handlers that already access data soon after invocation do not 
require this modification. 

4. Load pipe precision. The precision of the last stage of the load pipeline is specified 
by the LRP bit on the i860 XR microprocessor but by the LRPO and LRPI bits on 
the i860 XP microprocessor. The procedure that restores the load pipe must check 
the processor type, use the appropriate bits, and restore the correct precision. Pipe 
restoration code for the i860 XR microprocessor will work correctly on the i860 XP 
microprocessor if pfld.q is not used. . 

5. Pre-accessed trap handler pages. Page-directory and page-table entries for the 
instruction pages of the trap handler and for the first data page accessed by the trap 
handler must always have A = 1. Software modified to allocate page tables this way 
works on both i860 XR and i860 XP microprocessors. 

6. Page directory entry bit 7. On the i860 XP microprocessor, this bit determines 
whether the page size is four Mbytes or four Kbytes. On the i860 XR microproces­
sor, it is reserved and should be set to zero. It must be set to zero for four unmodified 
i860 XR microprocessor software to work correctly on the i860 XP microprocessor. 
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PERFORMANCE OPTIMIZATIONS 

Software developers may wish to make the following performance enhancements in sys­
tems software for the i860 XP microprocessor. Systems software that must execute on 
both i860 XP and i860 XR systems can contain code both with and without the optimi­
zations. By testing the processor type, the appropriate instruction path can be 
determined. 

1. Data cache flush. On the i860 XP microprocessor, a complete flushing of the data 
cache is not needed when changing context or marking a page not present. 

2. The epsr bits AI, DI, PI, and PT can be used on the i860 XP microprocessor to 
make trap handlers more efficient. 

3. Four-Mbyte pages can be allocated to frame buffers and the operating-system ker­
nel, thereby reducing the cost of TLB misses. 

NEW FEATURES 

Software that uses the new features available only on the i860 XP microprocessor will 
not be compatible with the i860 XR microprocessor unless alternate instruction paths 
are provided. 

Systems software features: 

1. New instructions Idio, stio, Idint, and scyc. 

2. Four-Mbyte pages. 

3. Privileged registers pO, p1, p2, and p3. 

4. Concurrency control unit. 

5. 128-bit load instruction pfld.q. 

6. Support for virtual address aliases. 

Applications software features: 

1. Concurrency control unit. 

2. 128-bit load instruction pfld.q. The i860 XR microprocessor traps on pfld.q; there­
fore, software has the opportunity to emulate a pfld.q with two pfld.d instructions. 
However, this strategy does not yield optimal performance on the i860 XR 
microprocessor. 
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NOTES 

On the i860 XP microprocessor, pages with WT = 1 are cached with the write-through 
policy; whereas, on the i860 XR microprocessor, they are not cached at all. Because this 
change in the function of WT was anticipated in the i860 XR microprocessor documen­
tation, no incompatibility should arise. 
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3-D graphics operations 
graphics unit, 8.5.2 

3-D rendering 
programming examples, 12.13 

8-bit pixel 
data format, 2.5 

16-bit pixel 
data format, 2.5 

16-bit value 
alignment requirements, 4.1 

32-bit binary floating-point 
single-precision real, 2.3 

32-bit integer 
data type, 2.1 

32-bit ordinal 
data type, 2.2 

32-bit pixel 
data format, 2.5 

32-bit value 
alignment requirements, 4.1 

64-bit binary floating-point 
double-precision real, 2.4 

64-bit external data bus 
architecture overview, 1.1 

64-bit integer 
data type, 2.1 

64-bit on-chip instruction bus 
architecture overview, 1.1 

64-bit ordinal 
data type, 2.2 

64-bit value 
alignment requirements, 4.1 
register alignment, 3.2 

128-bit on-chip data bus 
architecture overview, 1.1 

128-bit value 
alignment requirements, 4.1 
register alignment, 3.2 

82495XP cache controller 
write-once policy, 52.4.2 

AA (adder add-one) 
fsr format, 3.8 

A (accessed) bit .. 
address translation algonthm (1860 XP), 

4.2.5 
page table entry, 4.2.4.6 

access rights 
address translation caches, 5.1 

adder 
floating-point pipe lining, 8.1 
floating-point unit overview, 1.4 
instructions, 8.3 

address computation 
integer register file, 3.1 

address decoder 
DeeU internals, 6.4 

INDEX 
addressing 

alignment, 4.1 
virtual, 4.2 

address space 
consistency, 5.3.4 

address translation 
algorithm (i860 XP), 4.2.5 
algorithm (i860 XR), 4.2.5 
ATE (address translation enable) in 

dirbase, 3.6 
faults, 4.2.6 
memory management unit overview, 1.6 
on-chip caches, 5.1 
virtual addressing, 4.2 

adds (Add. Signe~) .. 
instructIOn defInItIon, 7.7 
OF (overflow flag) in epsr, 3.4 

addu (Add. UnsigI?-e~) 
instructIOn defInItIon, 7.7 
OF (overflow flag) in epsr, 3.4 

AE (adder exponent) 
fsr format, 3.8 

AI (adder inexact) 
fsr format, 3.8 

AI (trap on autoincrement instruction) 
epsr format, 3.4 

aliasing 
address space consistency, 5.3.4 
for instructions, 5.2.2 
for virtual addresses, 5.2 

alignment 
addressing requirements, 4.1 
floating-point register access, 3.2 

andh (Logical AND High) 
instruction definition, 7.10 

and (Logical AND) 
instruction definition, 7.10 

andnoth (Logical AND NOT High) 
instruction definition, 7.10 

andnot (Logical AND NOT) 
instruction definition, 7.10 

ANSI/IEEE standard 754-1985 
double-precision real, 2.4 
floating-point unit overview, 1.4 
single-precision real, 2.3 

AO (adder overflow) 
fsr format, 3.8 

architecture 

Index-1 

caches, 1.7 
floating-point unit, 1.4 
graphics unit" 1.5 
instructions, 1.2 
integer core unit, 1.3 
memory management unit, 1.6 
overview, 1.1 
parallelism, 1.8 
software development environment, 1.9 



ARP (adder pipe result precision) 
fsr format, 3.8 

assembler language 
conventions, 11.0 
pseudo-operations, 7.18 

ATE (address translation enable) 
address space consistency, 5.3.4 
dirbase format, 3.6 
for address translation, 4.2 

AU (adder underflow) 
fsr format, 3.8 

bc (Branch on CC) 
instruction definition, 7.11 

bc.t (Branch on CC Taken) 
dual-instruction mode restrictions, 8.6.2 
instruction definition, 7.11 

bear (bus error address register) 
register field definitions, 3.10 
saving trap handler state (i860 XP), 10.1.1 

BE (big endian) 
and data cache behavior, 5.2.1 
epsr format, 3.4 

BEF (bus error flag) 
epsr format, 3.4 

BERR signal 
BEF (bus error flag) in epsr, 3.4 
with BRDY #, 3.10 

bias . 

INDEX 

bri (Branch Indirect Unconditionally) 
dual~instruction mode restrictions, 8.6.2 
instruction definition, 7.11 

BS (bus or parity error trap in supervisor 
mode) 

epsr format, 3.4 
bte (Branch If Equal) 

instruction definition, 7.11 
btne (Branch If Not Equal) 

instruction definition, 7.11 
buffer registers 

for vector computations, 3.2 
bus 

64-bit external data, 1.1 
64-bit on-chip instruction, 1.1 
128-bit on-chip data, 1.1 
and dirbase options, 3.6 
on-chip/external, 1.1 

bus error trap 
traps and interrupts (i860 XP), 10.7 

BW (break write) 
enabling databreak point, 3.5 
psr format, 3.3 

cache 

double-precision real exponent adjustment, 
2.4 

address translation, 5.1 
and dirbase, 3.6 
consistency, 5.3.7 
instruction and data, 5.2 
internal consistency, 5.3 
invalidating entries, 5.3.2 
MESI protocol (i860 XP only), 5.2.4 
on-chip operation, 1.7 

single-precision real exponent adjustment, 
2.3 

big endian 
addressing mode, 4.0 
DCCU internals, 6.4 

bla (Branch on LCC and Add) 
CC ( condition code), 3.3 
instruction definition, 7.11 

BL (bus lock) 
dirbase format, 3.6 

bnc (Branch on Not CC) 
instruction definition, 7.11 

bnc.t (Branch on Not CC Taken) 
dual-instruction mode restrictions, 8.6.2 
instruction definition, 7.11 

BOFF# signal 
LB in dirbase, 3.6 

boundary conditions 
accumulator initialization, 12.13.3.2 
Z-buffer masking, 12.13.3.1 

br (Branch Direct Unconditionally) 
instruction definition, 7.11 

BR (break read) 
enabling databreak point, 3.5 
psr format, 3.3 

BRDY# 
bus error, 3.10 
locked accesses, 5.2.4.3 

policy for write-through bit (i860 XP), 
4.2.4.4 

replacement algorithm, 5.2.3 
See also data cache and instruction cache 
strategies for matrix dot product example, 

12.12 
calli (Indirect Subroutine Call) 

instruction definition, 7.11 
call (Subroutine Call) 

dual-instruction mode restrictions, 8.6.2 
instruction definition, 7.11 

CBR (Clear Broadcast Registers) 
internal CCU only, 6.5 

CC (condition code) 
psr format, 3.3 

ccr (concurrency control register) 
register field definitions (i860 XP only), 

3.12 
saving trap handler state (i860 XP), 10.1.1 

CCU 
detached, 6.1 

CCUBASE 
ccr format (i860 XP only), 3.12 

CD (cache disable) 
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and internal caches, 4.2.4.5 
page tables for trap handlers, 4.2.4.5 
to disallow caching, 5.2 



INDEX 

co (CCD on) 
ccr format (i860 XP only), 3.12 

color intensity shading 
graphics unit, 1.5 
using pixel formats, 2.5 

compilers 
and CCU, 6.5 
parallel architecture, 1.8 

concurrency control 
DCCD addressing, 6.3 
DCCU initialization, 6.2 
DCCD internals, 6.4 
DCCD programming, 6.5 
detached CCD, 6.1 

concurrency control unit (CCU) 
ccr (concurrency control register) (i860 XP 

only),3.12 
NEWCURR register (i860 XP only), 3.13 
STAT register, 3.14 

consistency 
address space, 5.3.4 
cacheability, 5.3.7 
instruction cache, 5.3.4 
internal cache, 5.3 
load pipe, 5.3.9 
page table, 5.3.6 
protection, 5.3.8 

conversion from signed integer to double 
programming examples, 12.5 

copy-back policy 
data cache update, 5.2.1.1 

core instructions 
Assembler Pseudo-Operations, 7.18 
Bus Lock, 7.14 
Cache Flush, 7.13 

. Control Register Access, 7.12 
Control Transfer Instructions, 7.11 
floating-point instruction interaction, 8.6.1 
Floating-Point Load, 7.4 
Input and Output (i860 XP only), 7.15 
Integer Add and Subtract, 7.7 
Load Integer, 7.1 
Load Interrupt (i860 XP only), 7.16 
Logical Instructions, 7.10 
overview, 1.2 
Pixel Store, 7.6 
Shift Instructions, 7.8 
Software Traps, 7.9 
Special Cycles (i860 XP only), 7.17 
Store Floating-Point, 7.5 
Store Integer, 7.2 
Transfer Integer to F-P Register, 7.3 

Core No-Operation instruction 
assembler pseudo-operations, 7.18 

CS8 (code size 8-bit) 
dlrbase format, 3.6 

data-access fault 
traps and interrupts (i860 XP), 10.5 
traps and interrupts (i860 XR), 9.5 

data alignment 
programming model, 11.2 

data cache 
bypassing, 5.3.1 
cache overview, 1.7 
flushing, 5.3.3 
for vector floating-point operations, 1.1 
on-chip cache, 5.2 
organization, 5.2.1 
states for cache consistency (i860 XP only), 

5.2.4 
update policies, 5.2.1.1 

data types 
double-precision real, 2.4 
integer, 2.1 
ordinal, 2.2 
pixel, 2.5 
real-number encoding, 2.6 
single-precision real, 2.3 

DAT (data access trap) 
psr format, 3.3 

db (data breakpoint register) 
data-access fault (i860 XR), 9.5 
register field definitions, 3.5 

D (dirty) bit 
address translation caches, 5.1 
page table entry, 4.2.4.6 

db register 
BR (break read) and BW (break write), 3.3 

DCCU 
addressing, 6.3 
CO (CCU on) and DO ( detached only) in 

ccr (i860 XP only), 3.12 
initialization, 6.2 
internals, 6.4 
programming, 6.5 

DCS (data cache size) 
epsr,3.4 

deferred-write 
data cache update policy, 5.2.1.1 

delayed transfers 
control-transfer instructions, 7.11 

denormal 
FTE (floating-point trap enable), 3.8 
special values for floating-point numbers, 

2.3, 2.4 
Detached 

DCCD internals, 6.4 
STAT register format, 3.14 

development environment 
software, 1.9 

DIM (dual instruction mode) 
DS (delayed switch), 3.3 

dirbase (directory base register) 
addressing virtual, 4.2 . 
ATE bit for address translation, 4.2 
DCCD initialization, 6.2 
for page directory physical address, 4.2.3 
P (present bit), 4.2.4.2 
P (present) bit, 4.2.4.2 
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page tables, 4.2.3 
register field definitions, 3.6 
saving trap handler state (i860 XP), 10.1.1 
saving trap handler state (i860 XR), 9.1.1 
trap handler invocation (i860 XR), 9.1 
virtual addressing, 4.2 

DIR field 
virtual address, 4.2.2 

distance interpolation 
3~D graphics operations, 8.5.2 

DI (trap on delayed instruction) 
epsr format, 3.4 

DO ( detached only) 
ccr format (i860 XP only), 3.12 

double-precision divide 
programming examples, 12.3 

double-precision real 
data type, 2.4 

D PS (DRAM page size) 
dirbase format, 3.6 

DS (delayed switch) 
psr format, 3.3 

DTB (directory table base) 
address space consistency, 5.3.4 
dirbase format, 3.6 

dual~instruction mode 
fault instruction register, 3.7 
floating~point instructions, 8.6 
overview, 1.2 
programming examples, 12.11 
restrictions, 8.6.2 
trap handler invocation (i860 XR), 9.1 

dual-operation instructions 
floating-point instructions, 8.4 
fsr (floating-point status register), 3.8 
overview, 1.2 

environment pointer, 11.1.5 
epsr (extended processor status register) 

BL (bus lock), 3.6 
cache disable (CD) bit, 4.2.4.5 
inside trap handler (i860 XR), 9.1.2 
inside trap handler (i860 XP), 10.1.2 
register field definitions, 3.4 
saving trap handler state (i860 XP), 10.1.1 
saving trap handler state (i860 XR), 9.1.1 
trap handler invocation (i860 XP), 10.1 
trap handler invocation (i860 XR), 9.1 
writable and user bits, 4.2.4.3 

EWBE# pin 
SO (strong ordering), 3.4 

exception handling 
special values for floating-point numbers, 

2.6 

faddp (Add with Pixel Merge) 
instruction definition, 8.5.2.2 

fadd.p (Floating-Point Add) 
instruction definition, 8.3.1 

faddz (Add with Z Merge) 
instruction definition, 8.5.2.3 

famov.r (Floating-Point Adder Move) 
instruction definition, 8.3.1 

fiadd.w (Long-Integer Add) 
instruction definition, 8.5.1 

fir (fault instruction register) 
DI (trap on autoincrement instruction), 3.4 
inside trap handler (i860 XP), 10.1.2 
inside trap handler (i860 XR), 9.1.2 
register field definitions, 3.7 
saving trap handler state (i860 XP), 10.1.1 
saving trap handler state (i860 XR), 9.1.1 
source exception faults (i860 XR), 9.3.1 
trap handler invocation (i860 XP), 10.1 
trap handler invocation (i860 XR), 9.1 

fisub.w (Long-Integer Subtract) 
instruction definition, 8.5.1 

fix.v (Floating-Point to Integer Conversion) 
instruction definition, 8.3.3 

fld.y (Floating-Point Load) 
dual-instruction mode restrictions, 7.4, 8.6.2 
instruction definition, 7.4 
instruction interaction, 8.6.1 

floating-point 
add and subtract, 8.3.1 
compares, 8.3.2 
fault (i860 XP), 10.3 
fault (i860 XR), 9.3 
integer conversion, 8.3.3 
operations using data cache, 1.1 

floating-point instructions 
adder instructions, 8.3 , 
core instruction interaction, 8.6.1 
dual instruction mode, 8.6 
dual operation instructions, 8.4 
graphics unit, 8.5 
multiplier instructions, 8.2 
overview, 1.2 
pipelined and scalar operations, 8.1 

floating-point pipeline 
pipeline preemption (i860 XR), 9.8.1 
programming examples, 12.8 

floating-point register file 
floating-point unit overview, 1.4 
graphics unit, 8.5 
graphics unit overview, 1.5 
register assignment, 11.1.2 
registers, 3.2 
saving trap handler state (i860 XP), 10.1.1 
saving trap handler state (i860 XR), 9.1.1 

floating-point source-exception trap 
double-precision real generation, 2.4 
real-number encoding, 2.6 
single-precision real generation, 2.3 

floating-point unit 

Index-4 

integer core unit control, 1.1 
operation, 1.4 
parallellism, 8.1 



INDEX 

flush (Cache Flush) 
and cache replacement, 5.2.3 
and DCCO initialization, 6.2 
for flushing data cache, 5.3.3 
instruction definition, 7.13 
RB (replacement block), 3.6 
RB (replacement block) in dirbase, 3.6 

flush requirements 
summary, 5.3.10 

fmlow.dd (Floating-Point Multiply Low) 
instruction definition, 8.2.2 

fmov.dd (Double Move) 
instruction definition, 8.5.1 

fmov.ds (Convert Double to Single) 
instruction definition, 8.3.1 

fmov.sd (Convert Single to Double) 
instruction definition, 8.3.1 

fmov.ss (Single Move) 
instruction definition, 8.5.1 

fmul.p (Floating-Point Multiply) 
instruction definition, 8.2.1 

fnop (Floating-Point No-Operation) 
assembler pseudo-operations, 7.18 

form (OR with MERGE Register) 
instruction definition, 8.5.2.4 

frcp.p (Floating-Point Reciprocal) 
instruction definition, 8.2.3 

frsqr.p (Floating-Point Reciprocal Square 
Root) 

instruction definition, 8.2.3 
fsr (floating-point status register) 

register field definitions, 3.8 
returning from trap handler (i860 XR), 

9.1.3 
saving trap handler state (i860 XP), 10.1.1 
saving trap handler state (i860 XR), 9.1.1 
source exception faults (i860 XR), 9.3.1 

fst.y (Floating-Point Store) 
dual-instruction mode restrictions, 8.6.2 
instruction definition, 7.5 ." 
instruction interaction, 8.6.1 

fsub.p (Floating-Point Subtract) 
instruction definition, 8.3.1 

FTE (floating-point trap enable) 
fsr format, 3.8 

FT (floating-point trap) 
psr format, 3.3 

ftrunc.v (Floating-Point to Integer Truncation) 
instruction definition, 8.3.3 

fxfr (Transfer F-P to Integer Register) 
dual-instruction mode restrictions, 8.6.2 
instruction definition, 8.5.3 

fzchkl (32-Bit Z~Buffer Check) 
dual-instruction mode restrictions, 8.6.2 
instruction definition, 8.5.2.1 

fzchks (16-BIT Z-Buffer Check) 
dual-instruction mode restrictions, 8.6.2 
instruction definition, 8.5.2.1 

FZ (flush zero) 
changing, 8.1 
fsr format, 3.8 

Gouraud shading 
color intensity, 1.5 
color interpolation, 12.13.2 

graphics 
floating-point register file computations, 3.2 
instruction overview, 1.2 

graphics transformation 
graphics transformation matrix, 12.14.2 
programming examples, 12.14 
representation of vertices, 12.14.1 
transformation code design, 12.14.3 
transformation performance, 12.14.4 

graphics unit 
floating-point instructions, 8.5 
integer core unit control, 1.1 
operation, 1.5 

hidden surface elimination 
3-D graphics operations, 8.5.2 
graphics unit, 1.5 
Z-buffer, 8.5 

H variant 
logical instructions, 7.10 

i860 microprocessor 
addressing, 4.0 
architectural overview, 1.0 
concurrency control, 6.0 
core instructions, 7.0 
data types, 2.0 
floating-point instructions, 8.0 
i860 XR/i860 XP compatibility, E.O 
instruction characteristics, D.O 
instruction format and encoding, B.O 
instruction set summary, A.O 
instruction timing, e.o 
on-chip caches, 5.0 
programming examples, 12.0 
programming model, 11.0 
registers, 3.0 
traps and interrupts (i860 XP), 10.0 
traps and interrupts (i860 XR), 9.0 

IAT (instruction access trap) 
psr format, 3.3 

IEEE (Standard for Binary Floating-Point 
Arithmetic) 

floating-point unit overview, 1.4 
IL (interlock) 

epsr format, 3.4 
1M (interrupt mode) 

psr format, 3.3 
indefinite 

special values for floating-point numbers, 
2.3,2.4 
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inexact result 
result exception faults (i860 XR), 9.3.2 

infinity 
FTE (floating-point trap enable), 3.8 
special values for floating-point numbers, 

2.3,2.4 
IN (interrupt) 

psr format, 3.3 
InLoop 

DeeD internals, 6.4 
STAT register format, 3.14 

input/output space 
programming model (i860 XP only), 11.4 

inquiry cycles 
data cache states, 5.2.4 

instruction-access fault 
traps and interrupts (i860 XP), 10.4 
traps and interrupts (i860 XR), 9.4 

instruction cache 
bypassing, 5.3.1 
cache overview (i860 XP), 1.7 
cache overview (i860 XR), 1.7 
consistency, 5.3.4 
on-chip cache, 5.2 
organization, 5.2.2 

instruction characteristics 
See Appendix D 

instruction fault 
traps and interrupts (i860 XP), 10.2 
traps and interrupts (i860 XR), 9.2 

instruction format and encoding 
See Appendix B 

instructions 
core instructions, 1.2 
floating-point instructions, 1.2 
floating-point unit overview, 1.4 
graphic instructions, 1.2 
graphics unit overview, 1.5 
integer core unit overview, 1.3 

instruction set summary 
See Appendix A 

instruction timings 
See Appendix, e 

INT/eS8 pin 
CS8 (code size 8-bit) in dirbase, 3.6 

integer 
data type, 2.1 
operations using floating-point register file, 

3.2 
integer core unit 

operating system support, 1.1 
operation, 1.3 

integer multiply 
programming examples, 12.4 

integer register files 
integer core unit overview, 1.3 
register assignment, 11.1.1 
registers, 3.1 
saving trap handler state (i860 XP), 10.1.1 
saving trap handler state (i860 XR), 9.1.1 

Intel386 microprocessor 
implementing a stack, 11.3 
Load Interrupt instruction, 7.16 
memory management unit operation, 1.6 
page frame, 4.2.1 
virtual addressing, 4.2 

Intel486 microprocessor 
implementing a stack, 11.3 
Load Interrupt instruction, 7.16 
memory management unit operation, 1.6 
page frame, 4.2.1 
Special Cycles instruction, 7.17 
virtual addressing, 4.2 

internal cache 
consistency, 5.3 

interpolation operations 
3-D graphics operations, 8.5.2 

interrupt trap 
traps and interrupts (i860 XP), 10.8 
traps and interrupts (i860 XR), 9.6 

INT input pin 
INT (interrupt), 3.4 

INT (interrupt) 
epsr format, 3.4 

intovr (Software Trap On Integer Overflow) 
instruction definition, 7.9 
instruction fault (i860 XR), 9.2 
OF (overflow flag), 3.4 

invalidation requirements 
summary, 5.3.10 

IRP (integer pipe result precision) 
fsr format, 3.8 

ITI (instruction-cache, TLB invalidate) 
dirbase format, 3.6 

IT (instruction trap) 
psr format, 3.3 

ixfr (Transfer Integer to F-P Register) 
dual-instruction mode restrictions, 8.6.2 
instruction definition, 7.3 
instruction interaction, 8.6.1 

KEN# pin 
to disable caching, 5.3.1 
to disallow caching, 5.2 

KI (constant register) 
floating-point unit overview, 1.4 
register definitions, 3.9 
returning from trap handler (i860 XR), 

9.1.3 
saving trap handler state (i860 XP), 10.1.1 
saving trap handler state (i860 XR), 9.1.1 

KNF (kill next floating-point instruction) 
psr format, 3.3 

KR (constant register) 
floating-point unit overview, 1.4 
register definitions, 3.9 
returning from trap handler (i860 XR), 

9.1.3 
saving trap handler state (i860 XP), 10.1.1 
saving trap handler state (i860 XR), 9.1.1 
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Large Constant-to-Register Move instruction 
assembler pseudo-operations, 7.18 

LB (late back-off) 
dirbase format, 3.6 

LCC(loop condition code) 
CC (condition code), 3.3 

Id.c (Load from Control Register) 
dual-instruction mode restrictions, 8.6.2 
inside trap handler (i860 XP), 10.1.2 
inside trap handler (i860 XR), 9.1.2 
instruction definition, 7.12 
privileged registers (i860 XP only), 3.11 

Idint.x (Load Interrupt Vector) 
BE in epsr, 3.4 
big endian mode, 4.0 
dual-instruction mode restrictions, 8.6.2 
instruction definition, 7.16 
instruction fault (i860 XR), 9.2 
writable and user bits, 4.2.4.3 

Idio.x (Load I/O) 
BE in epsr, 3.4 
big endian mode, 4.0 
dual-instruction mode restrictions, 8.6.2 
instruction definition, 7.15 
instruction fault (i860 XR), 9.2 
writable and user bits, 4.2.4.3 

Id.x (Load Integer) 
and DCCU internals, 6.4 
fir (fault instruction register), 3.7 
for flushing data cache, 5.3.3 
instruction definition, 7.1 

little endian 
addressing format, 4.0 

Load from Broadcast Register instruction 
internal CCU only, 6.5 

Load from Iteration Counter instruction 
internal CCU only, 6.5 

Load New Iteration Count instruction 
internal CCU only, 6.5 

load pipe 
consistency, 5.3.9 

Load Status Clearing Inloop instruction 
internal CCU only, 6.5 

Load Status instruction 
internal CCU only, 6.5 

Load Status Setting Nested instruction 
internal CCU only, 6.5 

Load Version instruction 
internal CCU only, 6.5 

LOCK# pin 
bus lock, 7.14 

LOCK# signal 
BL (bus lock) in dirbase, 3.6 

lock (Begin Interlocked Sequence) 
BL (bus lock), 3.6 
dual-instruction mode restrictions, 8.6.2 
IL in epsr, 3.4 
instruction definition, 7.14 
instruction fault (i860 XR), 9.2 
for locked accesses, 5.2.4.3 

INDEX 

locked access 
cache consistency (i860 XP only), 5.2.4.3 

long-integer arithmetic 
graphics unit, 8.5 

LRPO (load pipe result precision) 
fsr format (i860 XP), 3.8 

LRP1 (load pipe result precision) 
fsr format (i860 XP), 3.8 

LRP (load pipe result precision) 
fsr format (i860 XR), 3.8 

MA (multiplier add-one) 
fsr format, 3.8 

memory management unit 
operation, 1.6 

memory organization 
programming model, 11.4 

memory parameter area, 11.1.4 
MERGE register 

3-D graphics operations, 8.5.2 
graphics unit overview, 1.5 
register definitions, 3.9 
returning from trap handler (i860 XR), 

9.1.3 
saving trap handler state (i860 XP), 10.1.1 
saving trap handler state (i860 XR), 9.1.1 

MESI protocol 
cache consistency (i860 XP only), 5.2.4 

MI (multiplier inexact) 
fsr format, 3.8 

M/IO# output pin 
for cycle identification, 11.5 

M (modified bits) 
cache flush, 7.13 
data cache, 5.2.1 

MMU 
See memory management unit 

MO (multiplier overflow) 
fsr format, 3.8 

mov (Register-to-Register Move) 
instruction definition, 7.8 

MRP (multiplier pipe result precision) 
fsr format, 3.8 

multiplier 
floating-point pipelining, 8.1 
floating-point unit overview, 1.4 
instructions, 8.2 

MU (multiplier underflow) 
fsr format, 3.8 

NaN 
FTE (floating-point trap enable), 3.8 
special values for floating-point 

numbers,2.3, 2.4 
NENE# pin 

Load Floating-Point; 7.4 
NENE# signal 

DPS (DRAM page size) in dirbase, 3.6 
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Nested 
DCCD internals, 6.4 
STAT register format, 3.14 

NEWCDRR register 
DCCD internals, 6.4 
register field definitions (i860 XP only), 

3.13 
Newton-Raphson approximation 

floating-point reciprocals, 8.2.3 
nop (Core No-Operation) 

instruction definition, 7.8 

OFFSET field 
,Virtual address, 4.2.2 

OF (overflow flag) 
epsr format, 3.4 

operating systems 
integer core processing unit, 1.1 

ordinal 
data type, 2.2 

orh (Logical OR High) 
instruction definition, 7.10 

or (Logical OR) 
instruction definition, 7.10 
using register RO, 3.1 
with MERGE register, 8.5.2.4 

OS/2 
integer core processing unit, 1.1 

overflow 
result exception faults (i860 XR), 9.3.2 

PO, PI, P2, P3 
See privileged registers 

paged memory management 
memory management unit overview, 1.6 

PAGE field 
virtual address, 4.2.2 

page frame 
physical main memory (i860 XP), 4.2.1 
physical main memory (i860 XR), 4.2.1 

page frame address 
virtual address translation (i860 XP), 

4.2.4.1 
virtual address translation (i860 XR), 

4.2.4.1 
page table 

consistency, 5.3.6 
page-table entries (PTE) 

virtual address translation, 4.2.4 
page tables (i860 XP) 

for trap handlers, 4.2.4.7 
virtual address translation, 4.2.3 

page tables (i860 XR) 
for trap handlers, 4.2.4.7 
virtual address translation, 4.2.3 

paging unit 
address translation cache, 5.1 

INDEX 

parallelism 
floating-point unit, 8.1 
parallel architecture overview, 1.8 

parameter lists 
variable length, 11.1.6 

parity error trap 
traps and interrupts (i860 XP), 10.6 

PBM (page-table bit mode) 
epsr format, 3.4 

PEF (parity error flag) 
epsr format, 3.4 

PEN# 
with BRDY#, 3.10 

perspective divide 
programming examples, 12.15 

pfaddp (Pipelined Add with Pixel Merge) 
instruction definition, 8.5.2.2 

pfadd.p (Pipelined Floating-Point Add) 
instruction definition, 8.3.1 

pfaddz (Pipelined Add with Z Merge) 
instruction definition, 8.5.2.3 

pfamov.r (Pipelined Floating-Point Adder 
Move) 

instruction definition, 8.3.1 
pfam.p (PipeliIied Floating-Point Add and 

Multiply) 
instruction definition, 8.4 

pfeq.p (Pipelined Floating-Point Equal 
Compare) 

dual-instruction mode restrictions, 8.6.2 
instruction definition, 8.3.2 
instruction interaction, 8.6.1 

pfgt.p (Pipelined Floating-Point Greater-Than 
Compare) 

dual-instruction mode restrictions, 8.6.2 
instruction definition, 8.3.2 
instruction interaction, 8.6.1 

pfiadd.w (Pipelined Long-Integer Add) 
instruction definition, 8.5.1 

pfisub.w (Pipe lined Long-Integer Subtract) 
instruction definition, 8.5.1 

pfix.v (Pipelined Floating-Point to Integer 
Conversion) 

instruction definition, 8.3.3 
pfld.y (Pipelined Floating-Point Load) 

dual-instruction mode restrictions, 8.6.2 
instruction definition, 7.4 
instruction fault (i860 XR), 9.2 
instruction interaction, 8.6.1 
load pipe consistency, 5.3.9 
PI in epsr, 3.4 
pipelining, 8.1 
PT in epsr, 3.4 
PT (trap on pipeline use), 3.4 

pfle.p (PipelinedF-P Less-Than or Equal 
Compare) 
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pfmam.p (Pipelined Floating-Point Multiply 
with Add) 

instruction definition, 8.3.2 
pfmov.dd (Pipelined Double Move) 

instruction definition,. 8.5.1 
pfmov.ds (Pipelined Convert Double to 

Single) 
instruction definition, 8.3.1 

pfmov.sd (Pipelined Convert Single to 
Double) 

instruction definition, 8.3.1 
pfmov.ss (Pipelined Single Move) 

instruction definition, 8.5.1 
pfmsm.p (Pipe lined Floating-Point Multiply 

with Subtract) 
instruction definition, 8.4 

pfmul3.dd (Three-Stage Pipelined Multiply) 
instruction definition, 8.2.1 

pfmul.p (Pipelined Floating-Point Multiply) 
instruction definition, 8.2.1 

pform (Pipelined OR with MERGE Register) 
instruction definition, 8.5.2.4 

pfsm.p (Pipe lined Floating-Point Subtract and 
Multiply) 

instruction definition, 8.4 
pfsub.p (Pipelined Floating-Point Subtract) 

instruction definition, 8.3.1 . 
pftrunc.v (Pipelined Floating-Point to Integer 

Truncation) 
instruction definition, 8.3.3 

pfzchkl (Pipelined 32-Bit Z-Buffer Check) 
instruction definition, 8.5.2.1 

pfzchks (Pipelined 16-Bit Z-Buffer Check) 
instruction definition, 8.5.2.1 

Phong 
color intensity, 1.5 

physical tags 
for snooping, 5.2 

PIM (previous interrupt mode) 
psr format, 3.3 -

pipeline 
floating-point (i860 XP), 10.10.1 
floating-point instructions, 8.1 
graphics preemption (i860 XP), 10.10.3 
graphics preemption (i860 XR), 9.8.3 
load preemption (i860 XP), 10.10.2 
load preemption (i860 XR), 9.8.2 
preemption (i860 XP), 10.10 
preemption (i860 XR), 9.8 
result exception faults (i860 XP), 10.3.2 
result exception faults (i860 XR), 9.3.2 

pipelining 
floating-point adder, 8.1 
floating-point multiplier, 8.1 
floating-point unit overview, 1.4 
integer core unit overview, 1.3 
of double-precision dual operations 

example, 12.10 
of dual-operation instructions example, 12.9 
pfld (Pipe lined Floating-Point Load), 8.1 

precision, 8.1.3 
scalar/pipelined operation transition, 8.1.4 
status information, 8.1.2 

PI (pipeline instruction) 
epsr format, 3.4 

pixel 
data format, 2.5 
data type, 2.5 
graphics unit overview, 1.5 

pixel add 
Z-buffer check instructions, 8.5.2.2 

pixel shading 
Z-buffer, 8.5 

PM (pixel mask) 
psr format, 3.3 

P (present bit) 
virtual address translation, 4.2.4.2 

privileged registers 
register field definitions (i860 XP only), 

3.11 
saving trap handler state (i860 XP), 10.1.1 

processing units 
concurrency control unit (CCU), 6.1 
floating-point, 1.4 
graphics, 1.5 
integer core, 1.3 
memory management unit, 1.6 

processor type 
epsr format, 3.4 

programming examples 
3-D rendering, 12.13 
cache strategies for matrix dot product, 

12.12 
conversion from signed integer to double, 

12.5 
double-precision divide, 12.3 
dual instruction mode, 12.11 
floating-point pipeline, 12.8 
graphics transformation, 12.14 
integer multiply, 12.4 
perspective divide, 12.15 
pipe lining double-precision dual operations, 

12.10 
pipelining dual-operation instructions, 12.9 
signed integer divide, 12.6 
single-precision divide, 12.2 
small integers, 12.1 
string copy, 12.7 

programming model 
data alignment, 11.2 
implementing a stack, 11.3 
input/output space, 11.5 
memory organization, 11.4 
register assignment, 11.1 

protection 
consistency, 5.3.8 

PS (pixel size) 
psr format, 3.3 
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psr (processor status register) 
db register, 3.5 
PT (trap on pipeline use), 3.4 
register field definitions, 3.3 
returning from trap handler (i860 XR), 

9.1.3 
saving trap handler state (i860 XP), 10.1.1 
saving trap handler state (i860 XR), 9.1.1 
source exception faults (i860 XR), 9.3.1 
trap handler invocation (i860 XP), 10.1 ' 
trap handler invocation (i860 XR), 9.1 
W (writable) and U (user) bits, 4.2.4.3 
writable and user bits, 4.2.4.3 

pst.d (Pixel Store) 
dual-instruction mode restrictions, 8.6.2 
instruction definition, 7.6 
instruction interaction, 8.6.1 
PS (pixel size) and PM (pixel mask) in psr, 

3.3 
PTB signal 

PBM (page-table bit mode) in epsr, 3.4 
PT (trap on pipeline use) 

epsr format, 3.4 
PU (previous user mode) 

PIM (previous interrupt mode), 3.3 
PWTpin 

write-through bit, 4.2.4.4 

RB (replacement block) 
dirbase format, 3.6 

RC field 
and cache replacement, 5.2.3 

RC (replacement control) 
dirbase format, 3.6 

read-only 
instruction cache, 5.2.2 

real number 
data format, 2.3 

real-number 
encoding, 2.6 

register assignment 
programming model, 11.1 

register field definitions 
bear (bus error address register), 3.10 
ccr (concurrency control register) 

(i860 XP only), 3.12 
db (data breakpoint register), 3.5 
dirbase (directory base register), 3.6 
epsr (extended processor status register), 

3.4 
fir (fault instruction register), 3.7 
fsr (floating-point status register), 3.8 
KR, KI, T, and MERGE registers, 3.9 
NEWeURR register (i860 XP only), 3.13 
privileged registers (i860 XP only), 3.11 
psr (processor status register), 3.3 
STAT register (i860 XP only), 3.14 

registers 
floating-point register file, 3.2 
integer register file, 3.1 

Register-to-Register Move instruction 
assembler pseudo-operations, 7.18 

rendering 
boundary conditions, 12.13.3 
color interpolation, 12.13.2 
distance interpolation, 12.13.1 
inner loop, 12.13.4 

replacement algorithm 
cache, 5.2.3 

RESET 
back-off mode, 3.6 
cache replacement, 5.2.3 

reset trap 
traps and interrupts (i860 XP), 10.9 
traps and interrupts (i860 XR), 9.7 

result exception faults 
floating-point fault (i860 XP), 10.3.2 
floating-point fault (i860 XR), 9.3.2 

result-status bits 
U (update bit), 3.8 

RISe 
floating-point unit, 1.4 
integer core unit, 1.1 

RM (rounding mode) 
changing, 8.1 
fsr format, 3.8 

RR (result register) 
changing, 8.1 
fsr format, 3.8 

scalar 
floating-point instructions, 8.1 
integer computation, 3.1 
mode, 8.1.1 
result exception faults (i860 XP), 10.3.2 
result exception faults (i860 XR), 9.3.2 
transition with pipelined operation, 8.1.4 

se (shift count) 
psr format, 3.3 

scyc.x (Special Cycles) 
BE (big endian) in epsr, 3.4 
big endian mode, 4.0 
instruction definition, 7.17 
instruction fault (i860 XR), 9.2 
writable and user bits, 4.2.4.3 

serializing 
and locked accesses, 5.2.4.3 

SE (source exception) 
fsr format, 3.8 

shl (Shift Left) 
instruction definition., 7.8 

shra (Shift Right Arithmetic) 
instruction definition., 7.8 

shrd (Shift Right Double) 
instruction definition., 7.8 

shr (Shift Right) 
instruction definition., 7.8 

signed integer divide 
programming examples, 12.6 
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sign extension 
integer, 2.1 

single-instruction mode 
fault instruction register, 3.7 
overview, 1.2 
trap handler invocation (i860 XR), 9.1 

single-precision divide 
programming examples, 12.2 

single-precision real 
data type, 2.3 

SI (sticky inexact) 
fsr format, 3.8 

Small Constant-to-Register Move instruction 
assembler pseUdo-operations, 7.18 

small integers 
programming examples, 12.1 

snooping 
address monitoring (i860 XP), 5.2 

software development environment, 1.9 
SO (strong ordering) 

epsr format, 3.4 
source exception faults 

floating-point fault (i860 XP), 10.3.1 
floating-point fault (i860 XR), 9.3.1 

stack 
dynamic memory allocation, 11.3.2 
entry and exit code, 11.3.1 
implementation programming model, 11.3 

state transitions 
for locked accesses, 5.2.4.3 

STAT register 
DeCU internals, 6.4 
register field definitions (i860 XP only), 

3.14 
st.c (Store to Control Register) 

addressing virtual, 4.2 
BL (bus lock), 3.6 
dual-instruction mode restrictions, 8.6.2 
fir (fault instruction register), 3.7 
for address translation, 4.2 
instruction definitiqn, 7.12 
privileged registers '(i860 XP only), 3.11 
U (update) of fsr, 3.8 
writable and user bits, 4.2.4.3 

stepping number 
processor revisions in epsr, 3.4 

stio.x(Store I/O) 
BE (big endian) in epsr, 3.4 
big endian mode, 4.0 
dual-instruction mode restrictions, 8.6.2 
instruction definition, 7.15 ' 
instruction fault (i860 XR), 9.2 
writable and user bits, 4.2.4.3 

Store Status instruction 
internal ecu only, 6.5 

Store to Broadcast Register instruction 
internal eeu only, 6.5 

Store to Iteration Counter instruction 
internal eeu only, 6.5 

INDEX 

string copy 
programming examples, 12.7 

structure parameters 
passing in memory, 11.1.3 
returning, 11.1.7 

st.x (Store Integer) 
DCeU internals, 6.4 
instruction definition, 7.2 

subs (Subtract Signed) 
instruction definition, 7.7 
OF (overflow flag) in epsr, 3.4 

subu (Subtract Unsigned) 
instruction definition, 7.7 
OF (overflow flag) in epsr, 3.4 

tags 
physical, 5.2 
virtual, 5.2 

test-for-zero 
using register rO, 3.1 

TI (trap inexact) 
fsr format, 3.8 

TLB (translation look-aside buffer) 
address translation cache, 5.1 
address translation caches, 5.1 
memory management unit overview, 1.6 

transitions 
scalar/pipelined operation transition, 8.1.4 
single/double precision floating-point, 8.2 

trap handler 
fatal errors (i860 XP), 10.1.3 
IL (interlock), 3.4 
inside, (i860 XP), 10.1.2 
inside (i860 XR), 9.1.2 
invocation (i860 XP), 10.1 
invocation (i860 XR), 9.1 
page tables, 4.2.4.7 
returning from (i860 XP), 10.1.4 
returning from (i860 XR), 9.1.3 
saving state (i860 XP), 10.1.1 
saving state (i860 XR), 9.1.1 
setting KNF (i860 XP), 10.1.4.2 
setting KNF (i860 XR), 9.1.3.2 
using PT and PI bits (i860 XP), 10.10.4 
where to resume (i860 XP), 10.1.4.1 
where to resume (i860 XR), 9.1.3.1 

traps and interrupts 
bus error trap (i860 XP), 10.7 
data-access fault (i860 XP), 10.5 
data-access fault (i860 XR), 9.5 
floating-point fault (i860 XP), 10.3 
floating-point fault (i860 XR), 9.3 
instruction-access fault (i860 XP), 10.4 
instruction-access fault (i860 XR), 9.4 
instruction fault (i860 XP), 10.2 
instruction fault (i860 XR), 9.2 
interrupt trap (i860 XP), 10.8 
interrupt trap (i860 XR), 9.6 
parity error trap (i860 XP), 10.6 
pipeline preemption (i860 XP), 10.10 
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pipeline preemption (i860 XR), 9.8 
reset trap (i860 XP), lD.9 
reset trap (i860 XR), 9.7 
trap handler invocation (i860 XP), 10.1 
trap handler invocation (i860 XR), 9.1 

trap (Software Trap) 
instruction cache consistency, 5.3.5 
instruction definition, 7.9 
instruction fault (i860 XR), 9.2 
instruction interaction, 7.9 

T (temporary register) 
floating-point unit overview, 1.4 
register definitions, 3.9 
returning from trap handler (i860 XR), 

9.1.3 
saving trap handler state (i860 XP), 10.1.1 
saving trap handler state (i860 XR), 9.1.1 

two's complement 
integer data type, 2.1 

underflow 
result exception faults (i860 XR), 9.3.2 

UNIX 
integer core processing unit, 1.1 

unlock (End Interlocked Sequence) 
BL (bus lock), 3.6 
for locked accesses, 5.2.4.3 
IL (interlock) in epsr, 3.4 
instruction definition, 7.14 

U (update bit) 
fsr format, 3.8 

U (user bit) 
control register access, 7.12 
virtual address translation, 4.2.4.3 

U (user mode) 
psr format, 3.3 

validity bit 
virtual tag, 5.2.1 

vector floating-point operations 
i860 microprocessor support, 1.1 

virtual address 
addressing, 4.0 
address translation, 4.2 
db register, 3.5 

INDEX 

physical main memory (i860 XP), 4.2.2 
physical main memory (i860 XR), 4.2.2 

virtual tags 
instruction cache, 5.2.2 
for internal access, 5.2 

WB/WT# input pin 
data cache update policy, 5.2.1.1 
to implement write-once policy, 5.2.4.2 

WP (write protect) 
epsr format, 3.4 
W (writable) and U (user) bits, 4.2.4.3 

writable and user bits 
virtual address translation, 4.2.4.3 

write-back 
data cache update policy, 5.2.1.1 
i860 XP caching implementation, 4.2.4.4 

write-once f 

caching policy (i860 XP only), 5.2.4.2 
data cache update policy, 5.2.1.1 

write-through 
bit for caching policy (i860 XP), 4.2.4.4 
bit for caching policy (i860 XR), 4.2.4.4 
data cache update policy, 5.2.1.1 
i860 XP caching implementation, 4.2.4.4 

WT page-table bit 
caching policy, 4.2.4.4 
data cache update policy, 5.2.1.1 

W (writable bit) 
page table entries and WP (write protect), 

3.4 
virtual address translation, 4.2.4.3 

xorh (Logical XOR High) 
instruction definition, 7.10 

xor (Logical XOR) 
instruction definition, 7.lD 

Z-buffer 
3-D graphics operations, 8.5.2 
add, 8.5.2.3 
algorithm, 1.5 
check instructions, 8.5.2.1 
graphics unit, 8.5 
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Tel: (404) 448-1711 
FAX: 404-446-8270 

ILLINOIS 

tArrow Electronics, Inc. 
1140 W. Thorndale 
Itasca 60143 
Tel: (708) 250-0500 
TWX: 708-250-0916 

Hamilton/Avnet Computer 
1130 Thorndale Avenue 
Bensenville 60106 

tHamiiton/Avnet Electronics 
1130 Thorndale Avenue 
Bensenville 60106 
Tel: (708) 860-7780 
TWX: 708-860-8530 

MTI Systems Sales 
1100 W. Thorndale 
Itasca 60143 
Tel: (708) 773-2300 

tPioneer/Standard Electronics 
2171 Executive Dr., Suite 200 
Addison 60101 
Tel: (708) 495-9680 
FAX: 708-495-9831 

INDIANA 

tArrow ElectroniCS, Inc. 
7108 Lakeview Parkway West Drive 
Indianapolis 46268 
Tel: (317) 299-2071 
FAX: 317-299-0255 

Hamilton/Avnet Computer 
485 Gradle Drive 
Carmel 46032 

Hamilton/Avnet Electronics 
485 Gradle Drive 
Carmel 46032 
Tel: (317) 844-9333 
FAX: 317-844-5921 

tPioneer/Standard Electronics 
9350 Priority Way 
West Drive 
Indianapolis 46250 
Tel: (317) 573-0880 
FAX: 317-573-0979 

CG/SALE/O 



IWA 

Imilton/Avnet Computer 
5 33rd Avenue SW 
ldar Rapids 52404 

Imilton/Avnet Electronics 
5 33rd Avenue, S.w. 
ldar Rapids 52404 
·1: (3t9) 362-4757 

'NSAS 

row Electronics, Inc. 
'08 Melrose Dr., Suite 210 
nexa 66214 
II: (913) 541-9542 
IX: 913-541-0328 

Imilton/Avnet Computer 
.313 W. 95th Street 
nexa 61219 

lamilton/Avnet Electronics 
313 W. 95th 
lerland Park 66215 
,1: (913) 888-8900 
IX: 913-541-7951 

,NTUCKY 

Imilton/Avnet Electronics 
5 A. Newtown Circle 
xington 40511 
I: (606) 259-1475 

iIIRYLAND 

now Electronics, Inc. 
00 Guilford Drive 
lite H, River Center 
llumbia 21046 
I: (301) 995-6002 
.x: 301-381-3854 

lmilton/Avnet Computer 
22 Oak Hall Lane 
llumbia 21045 

lamilton/Avnet Electronics 
22 Oak Hall Lane 
llumbia 21045 
I: (301) 995-3500 
.x: 301-995-3593 

lesa Technology Corp. 
20 Patuxent Woods Dr. 
llumbia 21046 
I: (301) 290-8150 
,x: 301-290-6474 

ioneer!Technologies Group, Inc. 
00 Gaither Road 
lithersburg 20877 
I: (301) 921-0660 
,x: 301-921-4255 

'SSACHUSETTS 

·ow Electronics, Inc. 
Upton Dr. 

Imington 01887 
I: (508) 658-0900 
IX: 710-393-6770 

tmilton/Avnet Computer 
D Centennial Drive 

abody 01960 

amilton/Avnet Electronics 
D Centennial Drive 
abody 01960 
I: (508) 532-9838 
X: 508-596-7802 

ioneer/Standard Electronics 
Hartwell Avenue 

Kington 02173 
I: (617) 861-9200 
X: 617-863-1547 

lie Distribution Group 
Third Avenue 
rlington 01803 
I: (617) 272-7300 
X: 617-272-6809 

CHIGAN 

rrow Electronics, Inc. 

~~?a ~~~~~rty Road 

ix\3m_~~~:~bgg 

ertified Technical Distributor 

DOMESTIC DISTRIBUTORS (Contd.) 
Hamilton/Avnet Computer 
2215 S.E. A-5 
Grand Rapids 49508 

~f~go~~~J~~tR~~,mtt~~eI 00 
Novi 48050 

Hamilton/Avnet Electronics 
2215 29th Street S.E. 
SpaceA5 
Grand Rapids 49508 
Tel: (616) 243-8805 
FAX: 616-698-1831 

Hamilton/Avnet Electronics 
41650 Garden Brook 
Novi 48050 
Tel: (313) 347-4271 
FAX: 313-347-4021 

tPioneer/Standard Electronics 
4505 Broadmoor S.E. 
Grand Rapids 49508 
Tel: (616) 698-1800 
FAX: 616-698-1831 

tPioneer/Standard ElectroniCS 
13485 Stamford 
Livonia 48150 
Tel: (313) 525-1800 
FAX: 313-427-3720 

MINNESOTA 

tArrow Electronics, Inc. 
5230 W. 73rd Street 
Edina 55435 
Tel: (612) 830-1800 
TWX: 910-576-3125 

Hamilton/Avnet Computer 
12400 Whitewater Drive 
Minnetonka 55343 

tHamiiton/Avnet Electronics 
12400 Whitewater Drive 
Minnetonka 55434 
Tel: (612) 932-0600 
TWX: 910-576-2720 

tPioneer/Standard Electronics 
7625 Golden Triange Dr. 
Suite G 
Eden Prairie 55343 
Tel: (612) 944-3355 
FAX: 612-944-3794 

MISSOURI 

tArrow Electronics, Inc. 
2380 Schuetz 
SI. Louis 63141 
Tel: (314) 567-6888 
FAX: 314-567-1164 

Hamilton/Avnet Computer 
739 Goddard Avenue 
Chesterfield 63005 

tHamiiton/Avnet Electronics 
741 Goddard 
Chesterfield 63005 
Tel: (314) 537-1600 
FAX: 314-537-4248 

NEW HAMPSHIRE 

Hamilton/Avnet Computer 
2 Executive Park Drive 
Bedford 03102 

Hamilton/Avnet Computer 
444 East Industrial Park Dr. 
Manchester 03103 

NEW JERSEY 

tArrow Electronics, Inc. 
4 East Stow Road 
Unit 11 
Marlton 08053 
Tel: (609) 596-8000 
FAX: 609-596-9632 

tArrow Electronics 
6 Century Drive 
Parsipanny 07054 
Tel: (201) 538-.0900 
FAX: 201-538-0900 

Hamilton/Avnet Computer 
1 Keystone Ave., Bldg. 36 
Cherry Hill 08003 

Hamilton/Avnet Computer 
10 Industrial Road 
Fairfield 07006 

tHamiiton/Avnet Electronics 
1 Keystone Ave., Bldg. 36 
Cherry Hill 08003 
Tel: (609) 424-0110 
FAX: 609-751-2552 

tHamiiton/Avnet Electronics 
10 Industrial 
Fairfield 07006 
Tel: (201) 575-3390 
FAX: 201-575-5839 

tMTI Systems Sales 
9 Law Drive 
Fairfield 07006 
Tel: (201) 227-5552 
FAX: 201-575-6336 

tPioneer/Standard Electronics 
14-A Madison Rd. 
Fairfield 07006 
Tel: (201) 575-3510 
FAX: 201-575-3454 

NEW MEXICO 

Alliance Electronics Inc. 
10510 Research Avenue 
Albuquerque 87123 
Tel: (505) 292-3360 
FAX: 505-292-6537 

Hamilton/Avnet Computer 
5659 Jefferson, N.E. Suites A & B 
Albuquerque 87109 

tHamiiton/Avnet Electronics 
5659A Jefferson N.E. 
Albuquerque 87109 
Tel: (505) 765-1500 
FAX: 505-243-1395 

NEW YORK 

tArrow Electronics, Inc. 
3375 Brighton Henrietta Townline Rd. 
Rochester 14623 
Tel: (716) 427-0300 
TWX: 510-253-4766 

Arrow ElectroniCS, Inc. 
20 Oser Avenue 
Hauppauge 11788 
Tel: (516) 231-1000 
TWX: 510-227-6623 

Hamilton/Avnet Computer 
933 Motor Parkway 
Haupauge 11788 

Hamilton/Avnet Computer 
2060 Townline 
Rochester 14623 

tHamiiton/Avnet ElectroniCS 
933 Motor Parkway 
Hauppauge 11788 
Tel: (516) 231-9800 
TWX: 510-224-6166 

tHamiiton/Avnet Electronics 
2060 Townline Rd. 
Rochester 14623 
Tel: (716) 272-2744 
TWX: 510-253-5470 

Hamilton/Avnet ElectroniCS 
103 Twin Oaks Drive 
Syracuse 13206 
Tel: (315) 437-0288 
TWX: 710-541-1560 

tMTI Systems Sales 
38 Harbor Park Drive 
Port Washington 11050 
Tel: (516) 621-6200 
FAX: 510-223-0846 

Pioneer/Standard ElectroniCS 
68 Corporate Drive 
Binghamton 13904 
Tel: (607) 722-9300 
FAX: 607-722-9562 

Pioneer/Standard Electronics 
40 Oser Avenue 
Hauppauge 11787 
Tel: (516) 231-9200 
FAX: 510-227-9869 

tPioneer/Standard Electronics 
60 Crossway Park West 
Woodbury, Long Island 11797 
Tel: (516) 921-8700 
FAX: 516-921-2143 

tPioneer/Standard ElectroniCS 
840 Fairport Park 
Fairport 14450 
Tel: (716) 381-7070 
FAX: 716-381-5955 

NORTH CAROLINA 

tArrow Electronics, Inc. 
5240 Greensdairy Road 
Raleigh 27604 
Tel: (919) 876-3132 
TWX: 510-928-1856 

Hamilton/Avnet Computer 
3510 Spring Forest Road 
Raleigh 27604 

tHamiiton/Avnet Electronics 
3510 Spring Forest Drive 
Raleigh 27604 
Tel: (919) 878-0819 
TWX: 510-928-1836 

~~~e~:~~~~~~~o~l~~ gr~J.P' Inc. 
Charlotte 28210 
Tel: (919) 527-8188 
FAX: 704-522-8564 

Pioneer Technologies Group, Inc. 
2810 Meridian Parkway 
Suite 148 
Durham 27713 
Tel: (919) 544-5400 
FAX: 919-544-5885 

OHIO 

Arrow Commercial System Group 
284 Cramer Creek Court 
Dublin 43017 
Tel: (614) 889-9347 
FAX: (614) 889-9680 

tArrow Electronics, Inc. 
6238 Cochran Road 
Solon 44139 
Tel: (216) 248-3990 
TWX: 810-427-9409 

Hamilton/Avnet Computer 
7764 Washington Village Dr. 
Dayton 45459 

Hamilton/Avnet Computer 
30325 Bainbridge Rd., Bldg. A 
Solon 44139 

tHamiiton/Avnet Electronics 
7760 Washington Village Dr. 
Dayton 45459 
Tel: (513) 439-6733 
FAX: 513-439-6711 

tHamiiton/Avnet Electronics 
30325 Bainbridge 
Solon 44139 
Tel: (216) 349-5100 
TWX: 810-427-9452 

Hamilton/Avnet Computer 
777 Brooksedge Blvd. 
Westerville 43081 
Tel: (614) 882-7004 
FAX: 614-882-8650 

Hamilton/Avnet Electronics 
777 Brooksedge Blvd. 
Westerville 43081 
Tel: (614) 882-7004 

MTI Systems Sales 
23400 Commerce Park Road 
Beachwood 44122 
Tel: (216) 464-6688 

tPioneer/Standard Electronics 
4433 Interpoint Boulevard 
Dayton 45424 
Tel: (513) 236-9900 
FAX: 513-236-8133 

tPioneer/Standard Electronics 
4800 E. 131st Street 
Cleveland 44105 
Tel: (216) 587-3600 
FAX: 216-663-1004 
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OKLAHOMA 
Arrow Electronics, Inc. 
4719 South Memorial Dr. 
Tulsa 74145 

tHamiiton/Avnet Electronics 
12121 E. 51st S1., Suite 102A 
Tulsa 74146 
Tel: (918) 252-7297 

OREGON 
tAl mac Electronics Corp. 
1885 NW. 169th Place 
Beaverton 97005 
Tel: (503) 629·8090 
FAX: 503-645-0611 

Hamilton/Avnet Computer 
9409 Southwest Nimbus Ave. 
Beaverton 97005 

tHamiiton/Avnet Electronics 
9409 S.W. Nimbus Ave. 
Beaverton 97005 
Tel: (503) 627-0201 
FAX: 503·641-4012 

Wyle 
9640 Sunshine Court 
Bldg. G, Suite 200 
Beaverton 97005 
Tel: (503) 643-7900 
FAX: 503-646·5466 

PENNSYLVANIA 
Arrow Electronics, Inc. 
650 Seco Road 
Monroeville 15146 
Tel: (412) 856·7000 

Hamilton/Avnet Computer 
2800 Liberty Ave., Bldg. E 
Pittsburgh 15222 

Hamilton/Avnet Electronics 
2800 Liberty Ave. 
Pittsburgh 15238 
Tel: (412) 281-4150 

Pioneer/Standard Electronics 
259 Kappa Drive 

~~~~~~~~r i~~~~oo 
FAX: 412-963-8255 

tPioneer/Technologies Group, Inc. 
Delaware Valley 
261 Gibralter Road 
Horsham 19044 
Tel: (215) 674·4000 
FAX: 215-674·3107 

TENNESSEE 

Arrow Commercial System Group 
3635 Knight Road 
Suite 7 
Memphis 38118 
Tel: (901) 367·0540 
FAX: (901) 367-2081 

TEXAS 

Arrow Electronics, Inc. 
3220 Commander Drive 
Carrollton 75006 
Tel: (214) 380-6464 
FAX: (214) 248-7208 

tCertified Technical Distributor 

DOMESTIC DISTRIBUTORS (Contd.) 
Hamilton/Avnet Computer Hamilton/Avnet Computer tArrow Electronics, Inc. 
1807A West Braker Lane 17761 Northeast 78th Place 1093 Meyerside, Unit 2 
Austin 78758 Redmond 98052 Mississauga LST 1 M4 

Hamilton/Avnet Computer tHamiiton/Avnet Electronics 
Tel: (416) 673-7769 

Forum 2 17761 N.E. 78th Place 
FAX: 416-672-0849 

4004 Beltline, Suite 200 Redmond 98052 Hamilton/Avnet Computer 
Dallas 75244 Tel: (206) 881-6697 Canada System Engineering 

Hamilton/Avnet Computer 
FAX: 206-867-0159 Group 

Wyle Distribution Group 
3688 Nashua Drive 

4850 Wright Rd., Suite 190 Units 7 & 8 
Stafford 77477 15385 N.E. 90th Street Mississuaga L4V 1 M5 

Redmond 98052 
tHamilton/Avnet Electronics Tel: (206) 881-1150 Hamilton/Avnet Computer 
1807 W. Braker Lane FAX: 206-881-1567 3688 Nashua Drive 
Austin 78758 Untts9&10 
Tel: (512) 837-8911 WISCONSIN Mississuaga L4V 1 M5 
TWX: 910-874-1319 Hamilton/Avnet Computer Arrow Electronics, Inc. 
tHamiiton/Avnet Electronics 200 N. Patrick Blvd., Ste. 100 6845 Rexwood Road 
4004 Beltline, SUite 200 Brookfield 53005 Units 7, 8, & 9 
Dallas 75234 Tel: (414) 792-0150 Mississuaga L4V 1 R2 
Tel: (214) 308-8111 FAX: 414-792-0156 Hamilton/Avnet Computer 
TWX: 910-860-5929 190 Colonade Road 
tHamilton/Avnet Electronics 

Hamilton/Avnet Computer Nepean K2E 7J5 
20875 Crossroads Circle 

4850 Wright Rd., Sutte 190 Suite 400 tHamiiton/Avnet Electronics 
Stafford 77477 Waukesha 53186 6845 Rexwood Road 
Tel: (713) 240-7733 Units 3-4-5 
TWX: 910-881-5523 tHamiiton/Avnet Electronics Mississauga L4T 1 R2 

tPloneer/Standard Electronics 
28875 Crossroads Circle Tel: (416) 677-7432 
Suite 400 FAX: 416-677-0940 1826-0 Kramer Waukesha 53186 

Austin 78758 Tel: (414) 784-4510 tHamiiton/Avnet Electronics 
Tel: (512) 835-4000 FAX: 414-784-9509 190 Colonnade Road South 
FAX: 512-835-9829 Nepean K2E 7L5 

tPioneer/Standard Electronics 
Tel: (613) 226-1700 

13710 Omega Road CANADA FAX: 613-226-1184 

Dallas 75244 tZentronics 
Tel: (214) 386-7300 ALBERTA 1355 Meyerside Drive 
FAX: 214-490-6419 Mississauga LST 1 C9 

tPioneer/Standard Electronics 
Hamilton/Avnet Computer Tel: (416) 564·9600 
2816 21st Street Northeast FAX: 416-564-8320 

10530 Rockley Road Calgary T2E 6Z2 tZentronics Houston 77099 
Tel: (713) 495-4700 Hamilton/Avnet Electronics 155 Colonnade Road 

FAX: 713-495-5642 2816 21st Street N.E. #3 Unit 17 
Calgary T2E 6Z3 Nepean K2E 7Kl 

tWyle Distribution Group Tel: (403) 230·3586 Tel: (613) 226-8840 
1810 Greenville Avenue FAX: 403-250-1591 FAX: 613-226·6352 
Richardson 75081 

Zentronics QUEBEC Tel: (214) 235-9953 
FAX: 214-644-5064 6815 #8 Street N.E. Arrow Electronics Inc. 

Suite 100 1100 S1. Regis 
UTAH Calgary T2E 7H Dorval H9P 2T5 

Hamilton/Avnet Computer 
Tel: (403) 295-8818 Tel: (514) 421-7411 
FAX: 403-295-8714 FAX: 514-421-7430 

1585 West 2100 South 
Salt Lake City 84119 BRITISH COLUMBIA Arrow Electronics, Inc. 

500 Boul. St·Jean-Baptiste 
tHamiiton/Avnet Electronics tHamiiton/Avnet Electronics Suite 280 
1585 West 2100 South 8610 Commerce C1. Quebec G2E 5R9 
Salt Lake City 84119 Burnaby V5A 4N6 Tel: (418) 871-7500 
Tel: (801) 972-2800 Tel: (604) 420-4101 FAX: 418-871-6816 
TWX: 910-925·4018 FAX: 604-437-4712 Hamilton/Avnet Computer 
tWyle Distribution Group Zentronics 2795 Rue Halpern 
1325 West 2200 South 108·11400 Bridgeport Road S1. Laurent H4S 1 P8 
Suite E Richmond V6X 1T2 tHamilton/Avnet Electronics 
West Valley 84119 Tel: (604) 273-5575 2795 Halpern 
Tel: (801) 974-9953 FAX: 604-273-2413 S1. Laurent H2E 7Kl 

WASHINGTON ONTARIO 
Tel: (514) 335-1000 
FAX: 514·335-2481 

tAlmac Electronics Corp. Arrow Electronics, Inc. tZentronics 
14360 S.E. Eastgate Way 36 Antares Dr., Unit 100 520 McCaffrey 
Bellevue 98007 Nepean K2E 7W5 S1. Laurent H4T 1 N3 
Tel: (206) 643-9992 Tel: (613) 226-6903 Tel: (514) 737-9700 
FAX: 206-643-9709 FAX: 613·723-2018 FAX: 514-737-5212 
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FINLAND 

Intel Finland OY 
Ruosilantie 2 
00390 Helsinki 
Tel: (358) 0 544 644 
TLX: 123332 

FRANCE 

Intel Corporation SAR.L. 
1, Rue Edison·BP 303 
78054 SI. Quentin-en-Yvelines 
Cedex 
Tel: (33) (1) 30577000 
TLX: 699016 

ISRAEL 

Intel Semiconductor Ltd. 
Atidim Industrial Park-Neve Sharet 
P.O. Box 43202 
Tel-Aviv 61430 
Tel: (972) 03-498080 
TLX: 371215 

EUROPEAN SALES OFFICES 
ITALY 

Intel Corporation Italia S.pA 
Milanofiori Palazzo E 
20094 Assago 
Milano 
Tel: (39) (02) 89200950 
TLX: 341286 

NETHERLANDS 

Intel Semiconductor B.V. 
Postbus 84130 
3099 CC Rotterdam 
Tel: (31) 10.407.11.11 
TLX: 22283 

SPAIN 

Intel Iberia SA 
Zurbaran, 28 
28010 Madrid 
Tel: (34) (1) 308.25.52 
TLX: 46880 

SWEDEN 

Intel Sweden A.B. 
Dalvagen 24 
171 36 Solna 
Tel: (46) 8 734 01 00 
TLX: 12261 

SWITZERLAND 

Intel Semiconductor A.G. 
Zuerichstrasse 
8185 Winkel-Rueti bei Zuerich 
Tel: (41) 01/8606262 
TLX: 825977 

UNITED KINGDOM 

Intel Corporation (U.K.) Ltd. 
Pipers Way 
Swindon, Wiltshire SN3 1 RJ 
Tel: (44) (0793) 696000 
TLX: 444447/8 

WEST GERMANY 

Intel GmbH 
Dornacher Strasse 1 
8016 Feldkirchen bei Muenchen 
Tel: (49) 089/90992-0 
FAX: (49) 089/904/3948 

Intel GmbH 
Abraham Lincoln Strasse 16-18 
6200 Wiesbaden 
Tel: (49) 06121/7605-0 
TLX: 4-186183 

Intel GmbH 
Zettachring lOA 
7000 Stuttgart 80 
Tel: (49) 0711/7287-280 
TLX: 7-254826 

EUROPEAN DISTRIBUTORS/REPRESENTATIVES 
AUSTRIA IRELAND NORWAY Bytech Components Ltd. Rapid Silicon 

Bacher Electronics G.m.b.H. Nordisk Elektronikk (Norge) A/S 
12A Cedarwood 3 Bennet Court 

Micro Marketing Ltd. Chineham Business Park 8ennet Road 
Rotenmuehlgasse 26 Glenageary Office Park Postboks 123 Crockford Lane Reading 
1120 Wien Glenageary Smedsvingen 4 Basingstoke Berks RG2 OQX 
Tel: (43) (0222) 8356 46 Co. Dublin 1364 Hvalstad Hants RG24 OWD Tel: 0734752266 
TLX: 31532 Tel: (21) (353) (01) 856288 Tel: (47) (02) 84 62 10 Tel: (0256) 707107 FAX: 0734312728 

FAX: (21) (353) (01) 857364 TLX: 77546 FAX: 0256-707162 
BELGIUM TLX: 31584 
Inelco Belgium SA PORTUGAL Conformix WEST GERMANY 
Av. des Croix de Guerre 94 ISRAEL ATD Portugal LOA Rapid House 
1120 Bruxelles Rua Dr. Faria de Vasconcelos, 3 A Oxford Road Electronic 2000 AG 
Oorlogskruisenlaan, 94 Eastronics Ltd. 

1900 Lisboa High Wycombe Stahlgruberring 12 
1120 Brussel 11 Rozanis Street Tel: 351 1 847 22 00 Bucks HP11 2EE 8000 Muenchen 82 
Tel: (32) (02) 216 01 60 P.O.B.39300 

FAX: 351 1 84721 97 Tel: (0494) 474147 Tel: (49) 089/42001-0 
TLX: 64475 or 22090 Tel-Aviv 61392 FAX: (0494) 452144 TLX: 522561 

Tel: (972) 03-475151 
DENMARK TLX: 33638 SPAIN 

Bytech Systems ITT Multikomponent GmbH 
ITI-Multikomponent ATD Electronica, SA Unit 3 Poslfach 1265 
Naverland 29 ITALY Plaza Ciudad de Viena, 6 The Western Centre Bahnhofstrasse 44 
2600 Glostrup Intesi 

28040 Madrid Western Road 7141 Moeglingen 
Tel: (45) (0) 2 45 66 45 Tel: (34) (1) 2344000 Bracknell Tel: (49) 07141/4879 
TLX: 33355 

Divisione ITT Industries GmbH TLX: 42477 Berks RG12 lRW TLX: 7264472 
Viale Milanofiori 
Palazzo E/5 Metrologia Iberica, SA Tel: (0344) 55333 

FINLAND 
i~~9(g~sg~?s~J~31 Ctra. de Fuencarral, n.80 FAX: (0344) 867270 Jermyn GmbH 

OY Fintronic AB ,28100 Alcobendas (Madrid) 1m Dachsstueck 9 

Melkonkatu 24A TLX: 311351 Tel: (34) (1) 653 86 11 Jermyn 6250 Limburg 

00210 Helsinki Vestry Estate Tel: (49) 06431/508-0 

Tel: (358) (0) 6926022 Lasi Elettronica S.pA SWEDEN Olford Road TLX: 415257-0 

TLX: 124224 V. Ie Fulvio Testi, 126 Sevenoaks 
20092 Cinisello Balsamo (MI) Nordisk Elektronik AB Kent TN14 5EU Metrologie GmbH 

FRANCE Tel: (39) 02/2440012 Torshamnsgatan 39 Tel: (0732) 450144 Meglingerstrasse 49 
TLX: 352040 Box 36 FAX: (0732) 451251 8000 M uenchen 71 

Almex 16493 Kista Tel: (49) 089/78042-0 
Zone industrielle d'Antony Telcom S.r.1. Tel: (46) 08-034630 MMD Ltd. 

TLX: 5213189 
48, rue de I'Aubepine Via M. Civitali 75 TLX: 10547 
BP 102 20148 Milano 3 Bennet Court 

Proelectron Vertriebs GmbH 
92164 Antony Cedex Tel: (39) 02/4049046 SWITZERLAND 

Bennet Road 
Max Planck Strasse 1-3 

Tel: (33) (1) 40965400 TLX: 335654 Reading 
6072 Dreieich 

TLX: 250067 Industrade A.G. Berks RG2 OQX 
Tel: (49) 06103/30434-3 ITT Multicomponents Hertistrasse 31 Tel: (0734) 313232 
TLX: 417903 LEX Electronics Viale Milanofiori E/5 8304 Wallisellen FAX: (0734) 313255 

73-79, Rue des Solets 20090 Assago (MI) Tel: (41) (01) 8328111 
Silic 585 Tel: (39) 02/824701 TLX: 56788 Metro Systems 
94663 Rungis Cedex TLX: 311351 Rapid House 

YUGOSLAVIA 
Tel: (33) (1) 49784878 

Silverstar TURKEY Oxford Road 
TWX: 200485 High Wycombe H.R. Microelectronics Corp. 

Metrologie 
Via Dei Gracchi 20 EMPA Electronic Bucks HP11 2EE 2005 de la Cruz Blvd., Ste. 223 
20146 Milano Lindwurmstrasse 95A Tel: 0494474171 Sarita Clara, CA 95050 

Tour d'Asnieres Tel: (39) 02/49961 U.S.A. ' 
4, av, Laurent-Cely TLX: 332189 8000 Muenchen 2 FAX: 049421860 

Tel: (1) (408) 988·0286 
92606 Asnieres Cedex Tel: (49) 089/53 80 570 

TLX: 387452 
Tel: (33) (1) 47906240 TLX: 528573 Micro Marketing 
TLX: 611448 NETHERLANDS Taney Hall 

UNITED KINGDOM Eglington Terrace 
Rapido Electronic Components 

Tekelec-Airtronic Koning en Hartman S,p,a. 
Cite des Bruyeres Elektrotechniek B.V, Access Electronic Components Ltd, Dundrum Via C, Beccaria, 8 
Rue Carle Vernel - BP 2 Energieweg 1 Jubilee House, Jubilee Road Dublin 14 34133 Trieste 
9231 0 Sevres 2627 AP Delft Letchworth, Herts SG6 1 QH Eire Italia 
Tel: (33) (1) 45347535 Tel: (31) (1) 15/609906 Tel: (0462) 480888 Tel: 0001 989 400 Tel: (39) 040/360555 
TLX: 204552 / TLX: 38250 FAX: (0462) 682467 FAX: 0001 989 828 TLX: 460461 
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AUSTRALIA 

Intel Australia Ply. Ltd. 
Unit 13 
Allambie Grove Business Park 
25 Frenchs Forest Road East 
Frenchs Forest, NSW, 2086 
Tel: 61-2975-3300 
FAX: 61-2975-3375 

BRAZIL 

Intel Semiconductores do Brazil LTDA 
Avenida Paulista, 1159-CJS 404/405 
01311 - Sao Paulo - S.P. 
Tel: 55-11-287-5899 
TLX: 11-37-557-ISDB 
FAX: 55-11-287-5119 

CHINA/HONG KONG 

Intel PRC Corporation 
15/F, Office 1, Citic Bldg. 
Jian Guo Men Wai Street 
Beijing, PRC 
Tel: (1) 500-4850 
TLX: 22947 INTEL CN 
FAX: (1) 500-2953 

Intel Semiconductor Ltd. * 
10/F East Tower 
Bond Center 
Queensway, Central 
Hong Kong 
Tel: (852) 844-4555 
FAX: (852) 868-1989 

INTERNATIONAL SALES OFFICES 
INDIA 

Intel Asia Electronics, Inc. 
4/2, Samrah Plaza 
SI. Mark's Road 
Bangalore 560001 
Tel: 91-812-215773 
TLX: 953-845-2646 INTEL IN 
FAX: 091-812-215067 

JAPAN 

Intel Japan K.K. 
5-6 Tokodai, Tsukuba-shi 
Ibaraki, 300-26 
Tel: 0298-47-8511 
TLX: 3656-160 
FAX: 0298-47-8450 

Intel Japan K.K. * 
Hachioji ON Bldg. 
4-7-14 Myojin-machi 
Hachioji-shi, Tokyo 192 
Tel: 0426-48-8770 
FAX: 0426-48-8775 

Intel Japan K.K. * 
Bldg. Kumagaya 
2-69 Hon-cho 
Kumagaya-shi, Saitama 360 
Tel: 0485-24-6871 
FAX: 0485-24-7518 

Intel Japan K.K. * 
Kawa-asa Bldg. 
2-11-5 Shin-Yokohama 
Kohoku-ku, Yokohama-shi 
Kanagawa, 222 
Tel: 045-474-7661 
FAX: 045-471-4394 

Intel Japan K.K. * 
Ryokuchi-Eki Bldg. 
2-4-1 Terauchi 

f~r:og6~~~;_~ib~saka 560 

FAX: 06-863-1084 . 

Intel Japan K.K. 
Shinmaru Bldg. 
1-5-1 Marunouchi 
Chiyoda-ku, Tokyo 100 
Tel: 03-3201-3621 
FAX: 03-3201-6850 

Intel Japan K.K. 
Green Bldg. 
1-16-20 Nishiki 
Naka-ku, Nagoya-shi 
Aichi 450 
Tel: 052-204-1261 
FAX: 052-204-1285 

KOREA 

Intel Korea, Ltd. 
16th Floor, Life Bldg. 
61 Yoido-dong, Youngdeungpo-Ku 
Seoul 150-010 
Tel: (2) 784-8186 
FAX: (2) 784-8096 

SINGAPORE 

Intel Singapore Tec;;hnology, Ltd. 
101 Thomson Road #08-03/06 
United Square 
Singapore 1130 
Tel: (65) 250-7811 
FAX: (65) 250-9256 

TAIWAN 

Intel Technology Far East Ltd. 
Taiwan Branch Office 
8th Floor, No. 205 
Bank Tower Bldg. 
Tung Hua N. Road 
Taipei 
Tel: 886-2-716-9660 
FAX: 886-2-717-2455 

INTERNATIONAL DISTRIBUTORS/REPRESENTATIVES 
ARGENTINA 

Dafsys S.R.L. 
Chacabuco, 90-6 Piso 
1069-8uenos Aires 
Tel: 54-1-34-7726 
FAX: 54-1-34-1871 

AUSTRALIA 

Email Electronics 
15-17 Hume Street 
Huntingdale, 3166 
Tel: 011-61-3-544-8244 
TLX: AA 30895 
FAX: 011-61-3-543-8179 

NSD-Australia 
205 Middleborough Rd. 
Box Hill, Victoria 3128 
Tel: 03 8900970 
FAX: 03 8990819 

BRAZIL 

Elebra Componentes 
Rua Geraldo Flausina Gomes, 78 
7 Andar 
04575 - Sao Paulo - S.P. 
Tel: 55-11-534-9641 
TLX: 55-11-54593/54591 
FAX: 55-11-534-9424 

CHINA/HONG KONG 

Novel Precision Machinery Co., Ltd. 
Room 728 Trade Square 
681 Cheung Sha Wan Road 
Kowloon, Hong Kong 
Tel: (852) 360-8999 
TWX: 32032 NVTNL HX 
FAX: (852) 725-3695 

INDIA 

Micronic Devices 
Arun Complex 
No. 65 DV.G. Road 
Basavanagudi 
Bangalore 560 004 
Tel: 011-91-812-600-631 

011-91-812-611-365 
TLX: 9538458332 MDBG 

*Field Application Location 

Micronic Devices 
No. 516 5th Floor 
Swastik Chambers 
Sion, Trombay Road 
Chembur 
Bombay 400 071 
TLX: 9531 171447 MDEV 

Micronic Devices 
25/8, 1 st Floor 
Bada Bazaar Marg 
Old Rajinder Nagar 
New Delhi 110 060 
Tel: 011-91-11-5723509 

011-91-11-589771 
TLX: 031-63253 MDND IN 

Micronic Devices 
6-3-348/12A Dwarakapuri Colony 
Hyderabad 500 482 
Tel: 011-91-842-226748 

S&S Corporation 
1587 Kooser Road 
San Jose, CA 95118 
Tel: (408) 978-6216 
TLX: 820281 
FAX: (408) 978-8635 

JAPAN 

Asahi Electronics Co. Ltd. 
KMM Bldg. 2-14-1 Asano 
Kokurakita-ku 
Kitakyushu-shi 802 
Tel: 093-511-6471 
FAX: 093-551-7861 

CTC Components SYstems Co., Ltd. 
4-8-1 Dobashi, Miyamae-ku 
Kawasaki-shi, Kanagawa 213 
Tel: 044-852-5121 
FAX: 044-877-4268 

Dia Semicon Systems, Inc: 
Flower Hill Shinmachi Higashi-kan 
1-23-9 Shinmachi, Setagaya-ku 
Tokyo 154 
Tel: 03-3439-1600 
FAX: 03-3439-1601 

Okaya Koki 
2-4-18 Sakae 
Naka-ku, Nagoya-shi 460 
Tel: 052-204-2916 
FAX: 052-204-2901 

Ryoyo Electro Corp. 
Konwa Bldg. 
1-12-22 Tsukiji 
Chuo-ku, Tokyo 104 
Tel: 03-3546-5011 
FAX: 03-3546-5044 

KOREA 

J-Tek Corporation 
Dong Sung Bldg. 9/F 
158-24, Samsung-Dong, Kangnam-Ku 
Seoul 135-090 
Tel: (822) 557-8039 
FAX: (822) 557-8304 

Samsung Electronics 
Samsung Main Bldg. 
150 Taepyung-Ro-2KA, Chung-Ku 
Seoul 100-102 
C.P.O. Box 8780 
Tel: (822) 751-3680 
TWX: KORSST K 27970 
FAX: (822) 753-9065 

MEXICO 

SSB Electronics, Inc. 
675 Palomar Street, Bldg. 4, Suite A 
Chula Vista, CA 92011 
Tel: (619) 585-3253 
TLX: 287751 CBALL UR 
FAX: (619) 585-8322 

Dicopel SA 
Tochtli 368 Fracc. Ind. San Antonio 
Azcapotzalco 
C.P. 02760-Mexico, D.F. 
Tel: 52-5-561-3211 
TLX: 177 3790 Qicome 
FAX: 52-5-561-1279 

PSI SA de C.V. 
Fco. Villa esq. Ajusco sin 
Cuernavaca - Morelos 
Tel: 52-73-13-9412 
FAX: 52-73-17-5333 

NEW ZEALAND 

Email Electronics 
36 Olive Road 
Penrose, Auckland 
Tel: 011-64-9-591-155 
FAX: 011-64-9-592-681 

SAUDI ARABIA 

ME Systems, Inc. 
642 N. Pastoria Ave. 
Sunnyvale, CA 94086 
U.S.A. 
Tel: (408) 732-1710 
FAX: (408) 732-3095 
TLX: 494-3405 ME SYS 

SINGAPORE 

Electronic Resources PIe, Ltd. 
17 Harvey Road 
#03-01 Singapore 1336 
Tel: (65) 283-0888 
TWX: RS 56541 ERS 
FAX: (65) 289-5327 

SOUTH AFRICA 

Electronic Building Elements 
178 Erasmus SI. (off Watermeyet SI.) 
Meyerspark, Pretoria, 0184 
Tel: 011-2712-803-7680 
FAX: 011-2712-803-8294 

TAIWAN 

Micro Electronics Corporation 
12th Floor, Section 3 
285 Nanking East Road 
Taipei, R.O.C. 
Tel: (886) 2-7198419 
FAX: (886) 2-7197916 

Acer Sertek Inc. 
15th Floor, Section 2 
Chien Kuo North Rd. 
Taipei 18479 R.O.C. 
Tel: 886-2-501-0055 
TWX: 23756 SERTEK 
FAX: (886) 2-5012521 
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