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Inte|® CONSIDERATIONS FOR WRITING PORTABLE CODE

A.10 BREAKPOINTS

Breakpoint registers are not defined in the i960 architecture. The 1960 Jx processor implements
two instruction and two data breakpoint registers.

A.11 LOCKPIN

The LOCK pin is not defined in the 1960 architecture. Bus control logic and protocol associated
with this pin may vary among i960 processor implementations. For example, the 80960Jx will not
assert HOLDA in response to HOLD during LOCK’ed accesses. Earlier 19960 processors will
relinquish the bus. |

A.11.1 External System Requirements

External system requirements are not defined by the architecture. The external bus, RESET pin,
clock input, power and ground requirements, testability features and I/O characteristics are all
specific to the i960 microprocessor implementation.
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APPENDIX B
OPCODES AND EXECUTION TIMES

B.1 INSTRUCTION REFERENCE BY OPCODE

This section lists the instruction encoding for each 1960 Jx microprocessor instruction. Instructions
are grouped by instruction format and listed by opcode within each format.

Table B-1. Miscellaneous Instruction Encoding Bits

M3 | M2—[ M1 J s2 | s1 | T L Description i
REG Format
X X 0 X 0 — | srctis a global or local register
X X 1 X 0 — | srctis aliteral |
X X 0 X 1 | — | reserved !
X X 1 X 1 — | reserved
X 0 X 0 X — | src2is a global or local register
X 1 X 0 X — | src2is aliteral i
X 0 X 1 X — | reserved ‘
X 1 X 1 X — | reserved
0 X X X X — | srcl/dstis a global or local register
1 X X X X — | src/dstis a literal when used as a source. M3 may not be 1 when
src/dstis used as a destination only or is used both as a source |
and destination in an instruction (atmod, modify, extract,
modpc). |
COBR Format
— — 0 0 — x | src1 src2 and dstare global or local registers ‘
— - 1 0 — x | srctis a literal, src2 and dst are global or local registers
— — 0 1 - x | reserved
— —_ 1 1 — X reserved




OPCODES AND EXECUTION TIMES

Opcode

58:0
58:1
58:2
58:3
58:4
58:6
58:7
58:8
- 58:9
58:A
58:B
58:C
58:D
58:E
58:F
59:0
59:1
59:2
59:3
59:4
59:5
59:6
59:7
59:8
59:A
59:B
59:C
59:D
59:E

Mnemonic

notbit
and
andnot
setbit
notand
xor

or

nor
xnor
not
ornot
cirbit
notor
nand
alterbit
addo
addi
subo
subi
cmpob
cmpib
cmpos
cmpis
shro
shrdi
shri
shlo
rotate
shli

Table B-2.

REG Format Instruction Encodings (Sheet 1 of 4)

2
=
§ O ~ -~ [ -
w | BY g | 9 3 33| 88 | ®
2 8 é & § 2l a2 & @
3 o 0 : o 7]
[
S
31 e 24(23..19 [18..14| 13 12 1 |10 ...7| 6 5 |4.... 0
1 0101 1000 dst src M3 | M2 | M1 | 0000 | S2 | S1 | bitpos
1 0101 1000 | dst src2 | M3 | M2 | M1 | 0001 | S2 | St srct
1 0101 1000 | dst src2 | M3 | M2 | M1 | 0010 | 82 | S1 srct
1 0101 1000 dst src M3 | M2 | M1 | 0011 | S2 | S1 | bitpos
1 0101 1000 | dst src2 | M3 | M2 | M1 | 0100 | S2 | &1 srcl
1 0101 1000 | dst src2 | M3 | M2 | M1 | 0110 | S2 | 81 srel
1 01011000 | dst src2 | M3 | M2 | M1 | o111 | S2 | S srel
1 01011000 | dst src2 | M3 | M2 | M1 | 1000 | S2 | St srct
1 0101 1000 | dst src2 | M3 | M2 | M1 | 1001 | S2 | St srct
1 01011000 | dst | M3 | M2 | M1 | 1010 | S2 | 81 | src
1 01011000 | ' dst src2 | M3 | M2 | M1 | 1011 | S2 | Si srct
1 0101 1000 | dst src M3 | M2 | M1 | 1100 | S2 | S1 | bitpos
1 01011000 | dst src2 | M3 | M2 | M1 1101 | 82 | 81 srct
1 0101 1000 | dst sre2 | M3 | M2 | M1 | 1110 | S2 | S1 srct
1 0101 1000 dst src |-M3 | M2 | M1 1111 | S2 | S1 | bitpos
1 0101 1001 dst src2 | M3 [ M2 | M1 | 0000 | S2 | S1 sret
1 | 0101 1001 dst src2 | M3 | M2 | M1 | 0001 | S2 | S1 sret
1 0101 1001 dst src2 | M3 | M2 | M1 | 0010 | S2 | Si srct
1 0101 1001 dst src2 | M3 | M2 | M1 | 0011 | S2 | $1 srct
1 0101 1001 src2 | M3 | M2 | M1 | 0100 | S2 | S1 srct
1 0101 1001 src2 | M3 | M2 | M1 | 0101 | S2 | S1 srel
1 0101 1001 sre2 | M3 | M2 | M1 | o110 | S2 | St srel
1 0101 1001 sre2 | M3 | M2 | M1 | 0111 | S2 | St srel
1 0101 1001 dst sre M3 | M2 | M1 | 1000 | S2 | S1 len
6 | 0101 1001 dst src M3 | M2 | M1 | 1010 | S2 | 1 len
1 0101 1001 dst src M3 | M2 | M1 | 1011 | S2 | &1 len
1 0101 1001 dst src M3 | M2 | M1 | 1100 | S2 | $1 len
1 0101 1001 | dst src M3 | M2 | M1 | 1101 | S2 | S1 len
1 0101 1001 dst src M3 | M2 | M1 | 1110 | S2 | St len

1. Execution time based on function performed by instruction.
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Opcode

5A:0
5A:1

5A:2
5A:3
5A:4
5A:5
5A:6
5A:7
5A:C
5A:D
5A:E
5B:0
5B:2
5B:4
5B:5
5C:C
5D:8
5D:C
5E:C
5F:C
61:0
61:2
64:0
64:1

64:5
65:0
65:1

65:4
65:5
65:8
65:9

OPCODES AND EXECUTION TIMES

s e e e

Table B-2. REG Format Instruction Encodings (Sheet 2 of 4)
2
e | 8| o | . o | =
& |4 BT | €| ¢ 3 85| %% | ©
5 |2| 8¢ | g | & g ge | 2& | @
= 8| ©°F ’ © @
o
9
31 . 24123 ..19 (18..14| 13 12 1 |10 ..7| 6 5 |4... 0
cmpo 1 0101 1010 src2 | M3 | M2 [ M1 | 0000 | S2 | St srel
cmpi 1 0101 1010 src2 | M3 | M2 | M1 | 0001 | S2 | St srct
concmpo 1 0101 1010 src2 | M3 | M2 [ M1 | 0010 | S2 | St srct
concmpi 1 0101 1010 src2 | M3 | M2 | M1 | 0011 | S2 | St srct
cmpinco 1 0101 1010 dst src2 | M3 | M2 | M1 | 0100 | S2 | St srct
cmpinci 1 0101 1010 dst src2 | M3 | M2 [ M1 | 0101 | S2 | St srct
cmpdeco 1 0101 1010 dst src2 | M3 | M2 | M1 | 0110 | S2 | St srct
cmpdeci 1 0101 1010 dst sre2 | M3 | M2 | M1 | 0111 | S2 | S1 srct
scanbyte 1 0101 1010 src2 | M3 | M2 [ M1 | 1100 | S2 | S1 srct
bswap 10 | 0101 1010 dst M3 | M2 | M1 | 1101 | S2 | S srct
chkbit 1 0101 1010 src M3 | M2 | M1 | 1110 | S2 | S1 | bitpos
addc 1 0101 1011 ast sre2 | M3 | M2 | M1 | 0000 | S2 | St srct
subc 1 0101 1011 dst src2 | M3 | M2 | M1 | 0010 | S2 | St srct
intdis 4 0101 1011 M3 | M2 | M1 | 0100 | S2 | S1
inten 4 0101 1011 M3 | M2 | M1 | 0101 | S2 | S1
mov 1 0101 1100 dst M3 | M2 | M1 | 1100 | S2 | S1 src
eshro 11 0101 1101 dst src2 | M3 | M2 | M1 | 1000 | S2 | St srct
movl 4 0101 1101 dst M3 | M2 | M1 | 1100 | S2 | S1 src
movt 5 0101 1110 dst M3 | M2 | M1 | 1100 | S2 | St src
movq 6 0101 1111 dst M3 | M2 | M1 | 1100 | S2 | S1 src
atmod 24 | 0110 0010 dst src2 | M3 | M2 | M1 | 0000 | S2 | St srct
atadd 24 | 0110 0010 dst src2 | M3 | M2 | M1 | 0010 | S2 | St srel
spanbit 6 0110 0100 dst M3 | M2 | M1 | 0000 | S2 | S1 src
scanbit 5 0110 0100 dst M3 | M2 | M1 | 0001 | S2 | St src
modac 10 | 01100100 | mask | src M3 | M2 | M1 | 0101 | S2 | S1 dst
modify 6 | 01100101 |srcidst| src | M3 | M2 | M1 | 0000 | S2 | S1 | mask
extract 7 0110 0101 | src/dst| len M3 | M2 | M1 | 0001 | S2 | S1 | bitpos
modtc 10 | 01100101 | mask | src M3 | M2 | M1 | 0100 | S2 | St dst
modpc 17 | 01100101 | src/dst| mask | M3 | M2 | M1 | 0101 | S2 | St src
intctl 12-16| 0110 0101 dst M3 | M2 | M1 | 1000 | S2 | S1 srct
sysctl 110 %—1 01100101 | src/dst| src2 | M3 | M2 | M1 | 1001 | S2 | S1 src1
1. Execution time based on performed by instruction.
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OPCODES AND EXECUTION TIMES

Opcdde

65:B
65:C

65:D
66:0
66:B
66:C
66:D
66:F
67:0
67:1
- 70:1
70:8
70:B
741
74:8
74:9
74:B
78:0
78:1
78:2
78:3
78:4
79:0
791
79:2
79:3
79:4
7A:0
7A:1
7A:2
7A:3

Mnemonic

icctl

dcectl

halt
calls
mark
fmark
flushreg
syncf
emul
ediv
mulo
remo
divo
muli
remi
modi
divi
addono
addino
subono
subino
selno
addog
addig
subog
subig
selg
addoe
addie
suboe
subie

Table B-2. REG Format Instruction Encodings (Sheet 3 of 4)

2

=

§ ey ] o P So -
s| gz | 5|8 g (33| 88 | %
2 o~ @ (o] 2]

5

31 .. 24|23...19 (18 ..14| 13 12 1 |10 ..7| 6 5 |4.... 0

10-1 01100101 | src/dst| src2 | M3 | M2 | M1 | 1011 | S2 | S srct
100

10-1 0110 0101 | src/dst| src2 | M3 | M2 | M1 | 1100 | S2 | S1 sret
100

oo | 0110 0101 M3 | M2 | M1 | 1101 | S2 | St srcl
30 | 01100110 M3 | M2 | M1 | 0000 | S2 | S1 src
8 0110 0110 M3 | M2 | M1 | 1011 | S2 | S1

8 0110 0110 M3 | M2 | M1 | 1100 | S2 | S1

15 | 01100110 M3 [ M2 | M1 | 1101 | S2 | St

4 0110 0110 M3 [ M2 | M1 | 1111 | S2 | St

1 0110 0111 dst src2 | M3 | M2 | M1 | 0000 | S2 | S1 srel
6 0110 0111 dst src2 | M3 | M2 | M1 | 0001 | S2 | S1 srct
2-4 | 0111 0000 dst src2 | M3 | M2 | M1 | 0001 | S2 | S1 srct
40 | 0111 0000 dst src2 | M3 | M2 | M1 | 1000 | S2 | S1 srel
40 | 0111 0000 dst src2 | M3 | M2 | M1 | 1011 | S2 | S1 srct
2-4 | 0111 0100 dst src2 | M3 | M2 | M1 | 0001 | S2 | St srel
40 0111 0100 dst src2 | M3 M2 M1 1000 | S2 | St srct
40 | 01110100 dst src2 | M3 | M2 | M1 | 1001 | S2 | St srcl
8 0111 0100 dst src2 | M3 | M2 | M1 | 1011 | S2 | Si srctl
1 0111 1000 dst src2 | M3 | M2 | M1 | 0000 | S2 | St srct
1 0111 1000 dst src2 | M3 | M2 | M1 | 0001 | S2 | St srct
1 0111 1000 dst src2 | M3 | M2 | M1 [ 0010 | S2 | St srct
1 0111 1000 dst src2 | M3 | M2 | M1 | 0011 | S2 | S1 srcl
1 0111 1000 dst src2 | M3 | M2 | M1 | 0100 | S2 | S1 srel
1 0111 1001 dst src2 | M3 | M2 | M1 | 0000 | S2 | St srel
1 0111 1001 dst src2 | M3 | M2 | M1 | 0001 | S2 | Si srct
1 0111 1001 dst src2 | M3 | M2 | M1 | 0010 | S2 | S1 sret
1 0111 1001 dst src2 | M3 | M2 | M1 | 0011 | S2 | S1 srct
1 0111 1001 dst src2 | M3 | M2 | M1 | 0100 | S2 | S1 srct
1 0111 1010 dst src2 | M3 | M2 | M1 | 0000 | S2 | St srct
1 0111 1010 dst src2 | M3 | M2 | M1 | 0001 | S2 | S1 srct
1 0111 1010 dst src2 | M3 | M2 | M1 | 0010 | S2 | St srct
1 0111 1010 dst src2 | M3 | M2 | M1 | 0011 | S2 | S1 srel

1. Execution time based on performed by instruction.




&

Opcode

7A:4
7B:0
7B:1
7B:2
7B:3
7B:4
7C:0
7C:A
7C:2
7C:3
7C:4
7D:0
7D:1
7D:2
7D:3
7D:4
7E:0
7E:A
7E:2
7E:3
7E:4
- 7F:0
7F:A
7F:2
7F:3
7F:4

Mnemonic

sele
addoge
addige
suboge
subige
selge
addol
addil
subol
subil
sell
addone
addine
subone
subine
selne
addole
addile
subole
subile
selle
addoo
addio
suboo
subio
sello

OPCODES AND EXECUTION TIMES

Table B-2. REG Format Instruction Encodings (Sheet 4 of 4)
2
=
§ Q ~ -~ Q 1
@ BT | 8|9 3 82| 3% | %
| B | & | @ 2 ge | &% &
a o~ @ o o
5
31 . 24123..19 (18 ..14| 13 12 1 {10..7| 6 5 |4... 0
1 0111 1010 dst src2 | M3 | M2 | M1 | 0100 | S2 | St srct
1 ‘0111 1011 dst src2 | M3 | M2 | M1 | 0000 | S2 | St srct
1 0111 1011 dst src2 | M3 M2 | M1 | 0001 | S2 | St srct
1 0111 1011 dst src2 | M3 | M2 | M1 | 0010 | S2 | St srcl
1 0111 1011 dst src2 | M3 | M2 | M1 | 0011 | S2 | St srct
1 0111 1011 dst src2 | M3 | M2 | M1 | 0100 | S2 | St srct
1 0111 1100 dst src2 | M3 | M2 | M1 | 0000 | S2 | S1 srct
1 0111 1100 dst src2 | M3 | M2 | M1 | 0001 | S2 | St srct
1 0111 1100 dst 'src2 | M3 | M2 | M1 | 0010 | S2 | Si sret
1 0111 1100 dst src2 | M3 | M2 | M1 | 0011 | S2 | S1 srct
1 0111 1100 dst src2 | M3 M2 | M1 | 0100 | S2 | St srct
1 0111 1101 dst src2 | M3 | M2 | M1 | 0000 | S2 | St srct
1 0111 1101 dst src2 | M3 | M2 | M1 | 0001 | S2 | St srct
1 0111 1101 dst src2 | M3 M2 | M1 | 0010 | S2 | St srct
1 0111 1101 | dst src2 | M3 M2 | M1 | 0011 | S2 | St srct
1 0111 1101 dst src2 | M3 | M2 | M1 | 0100 | S2 | St srcl
1 0111.1110 dst src2 | M3 | M2 | M1 | 0000 | S2 | Si srel
1 0111 1110 dst src2 | M3 | M2 | M1 | 0001 | S2 | St srct1
1 01111110 | dst | src2 | M3 | M2 | M1 | 0010 | S2 | S1 src1
1 0111 1110 dst src2 | M3 | M2 | M1 | 0011 | S2 | St srct
1 01111110 | dst | src2 | M3 | M2 | M1 | 0100 | S2 | S1 src1
1 0111 1111 dst src2 | M3 | M2 | M1 | 0000 | S2 | St srct
1 0111 1111 dst src2 | M3 | M2 | M1 | 0001 | S2 | St srel
1 0111 1111 dst src2 | M3 | M2 | M1 | 0010 | S2 | St sret
1 0111 1111 dst | src2 | M3 | M2 | M1 | 0011 |-S2 | S1 srct
1 0111 1111 dst src2 | M3 | M2 | M1 | 0100 | S2 | S1 sret
1. Execution time based on performed by instruction. i
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OPCODES AND EXECUTION TIMES

Opcode

20
21
22
23
24
25
26
27
30
31
32
33
34
35
36
37
38
39
3A
3B
3C
3D
3E
3F

Mnemonic

testno
testg
teste
testge
testl
testne
testle
testo
bbc
cmpobg
cmpobe
cmpobge
cmpobl
cmpobne
cmpoble
bbs
cmpibno
cmpibg
cmpibe
cmpibge
cmpibl
cmpibne
cmpible
cmpibo

Table B-3. COBR Format Instruction Encodings

tel.

e

2 g; @ h g = o

K : ]

3 a

31 24123 . 19 |18...14| 13 |12..... 1 0

4 0010 0000 dst M1 T S2

4 0010 0001 dst M1 T S2

4 0010 0010 dst M1 T S2

4 0010 0011 dst M1 T S2

4 0010 0100 dst M1 T S2

4 0010 0101 dst M1 T S2

4 0010 0110 dst M1 T S2

4 0010 0111 dst M1 T S2
2+1" | 00110000 | bitpos | src | M1 targ T s2
2+1 0011 0001 sret sre2 M1 targ T S2
2+1 0011 0010 | sret sre2 M1 targ T S2
2+1 0011 0011 srct src2 M1 targ T S2
2+1 0011 0100 | srct src2 M1 targ T S2-
2+1 0011 0101 srct src2 M1 targ T S2
2+1 0011 0110 srct src2 M1 targ T S2
2+1 0011 0111 | bitpos | src M1 targ T S2
2+1 0011 1000 | srct src2 M1 targ T S2
2+1 0011 1001 sretl src2 M1 targ T S2
2+1 0011 1010 | sret src2 M1 targ T S2
2+1 0011 1011 srct src2 M1 targ T S2
2+1 0011 1100 | srct src2 M1 targ T S2
2+1 0011 1101 sret src2 M1 targ T S2
2+1 0011 1110 srcl src2 M1 targ T S2
2+1 0011 1111 srel sre2 M1 targ T S2

1. Indicates that it takes 2 cycles to execute the instruction plus an additional cycle to fetch the target instruction if
the branch is taken.
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1B
1C
1D
1E
1F

1. Indicates that it takes 1 cycle to execute the instruction plus an additional cycle to fetch
the target instruction if the branch is taken.

Table B-4. CTRL Format Instruction Encodings

Mnemonic

call

ret

bal
bno
bg

be

bge

bl

bne
ble

bo
faultno
faultg
faulte
faultge
faultl
faultne
faultle
faulto

OPCODES AND EXECUTION TIMES

2o o E
g N I
] -3 8
Su ] &
(=1
X 24 | 23.......... 110
1417 0000 1000 targ T| o
7 0000 1001 targ T|o
6 0000 1010 T|o
141 0000 1011 targ T|o
1+1 0001 0000 targ T|o
141 0001 0001 targ Tlo
141 0001 0010 targ T|o
141 0001 0011 targ T] o
141 0001 0100 targ T o
141 0001 0101 targ T|o
141 0001 0110 targ T[] o
1+1 0001 0111 targ T|o
13 0001 1000 T|o
13 0001 1001 T|o
13 0001 1010 T|o
13 0001 1011 T|o
13 0001 1100 T o
13 0001 1101 T|o
13 0001 1110 T|o
13 0001 1111 Tlo

“
|
|

SR oy s

?
|




OPCODES AND EXECUTION TIMES Inte|®

Table B-5. MEM Format Instruction Encodings

31........ 24123...19 | 18....... 14 |13....... 12 [ 1, 0
Opcode | src/dst| ABASE Mode Offset

3. 24 [23...19 | 18....... 14 113....... 12.11....... 10]9....... 716..5]4..... 0

Opcode | src/dst| ABASE Mode Scale | 00 | Index
o Displacement
Effective Address :
efa = offset| Opcode | dst | oo offset |
offset(reg) | Opcode | dst | reg | 1 ] 0 | offset |
(reg)| Opcode | dst | reg [ O] 1] 0] 0] 00 | |
disp+8 (IP)[ Opcode | dst | IENENEREN [00 |
displacement

(reg1)[reg2* scale]| Opcode | dst | ~regi [0 | 1 [ 1 | 1 [ scale | 00 [ reg2 |

disp| Opcode | dst | [T T1JTo]o] [ 00 ]
i displacement
disp(reg)[ Opcode | dst | reg [ 1 ] 1] 0] 1] [ 00 ]
displacement
dispireg * scale]| Opcode | dst | [ 1 1] 1] 07 scale] 00 ] reg
displacement
disp(reg1)[reg2*scale]| Opcode | dst | regt | 1 [ 1 [ 1 | T | scale | 00 | reg2
displacement
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OPCODES AND EXECUTION TIMES

. Cycles to . Cycles to
Opcode Mnemonic Execute Opcode Mnemonic Execute
80 Idob See Note 1. 98 Idi See Note 1.
82 stob See Note 1. 9A stl See Note 1.
84 bx 4-7 A0 Idt See Note 1.
85 balx 5-8 A2 stt See Note 1.
86 callx 9-12 BO Idq See Note 1.
88 Idos See Note 1. B2 stq See Note 1.
8A stos See Note 1. Co Idib See Note 1.
8C Ida See Note 1. c2 stib See Note 1.
90 Id See Note 1. c8 Idis See Note 1.
92 st See Note 1. CA stis See Note 1.
1. The number of cycles required to execute these instructions is based on the addressing mode used (see
Table B-6).
Table B-6. Addressing Mode Performance
Number of
Memory Cycles to
Mode Assembler Syntax Format Instruction Execute
words
Absolute Offset exp MEMA 1 1
Absolute Displacement exp MEMB 2 2
Register Indirect (reg) MEMB 1 1
Register Indirect with Offset exp(reg) MEMA 1 1
Register Indirect with 2
Displacement exp(reg) MEMB 2
Index with Displacement exp[reg*scale] MEMB 2 2
Register Indirect with Index (reg)[reg*scale] MEMB 1 6
Register Indirect with Index + . 6
Displacement exp(reg)[reg*scale] MEMB 2
::r;.structlon Pointer with exp(IP) MEMB 2 6
isplacement
B-9
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APPENDIX C
REGISTER AND DATA STRUCTURES

This appendix is a compilation of all register and data structure figures described throughout the
manual. Following each figure is a reference that indicates the section that discusses the figure.

Fig. Register / Data Structure Where defined in the manual Page!
C-1 | Arithmetic Controls (AC) Register ggc;i)on 3.6.2, “Arithmetic Controls (AC) Register” (pg. c2
C-2 |Process Controls (PC) Register Section 3.6.3, “Process Controls (PC) Register” (pg. 3-20) | C-3
C-3 |Trace Controls (TC) Register Section 10.1.1, “Trace Controls (TC) Register” (pg. 10-2) | C-4
C-4 [System Procedure Table Section 7.5.1, “System Procedure Table” (pg. 7-16) Cc-5
-5 |Procedure Stack Structure and Local Section 7.1.1, “Local Registers and the Procedure Stack™ | .
Registers (Pg. 7-2) )
C-6 |Previous Frame Pointer (PFP) Register (r0) ?_e%')on 7:2, "MODIFYING THE PFP REGISTER" (pg. c-7
C-7 |Interrupt Table Section 8.4, INTERRUPT TABLE” (pg. 8-3) c-8
c-g |Storage of an Interrupt Record on the Section 8.5, INTERRUPT STACK AND INTERRUPT co
Interrupt Stack RECORD” (pg. 8-5)
C-9 |Interrupt Control (ICON) Register 1Sg_c1t|20)n 13.3.4, “Interrupt Control Register (ICON)” (pg. C-10
C-10 |Interrupt Mapping (IMAPO-IMAP2) Section 13.3.5, “Interrupt Mapping Registers (IMAPO- c-11
Registers IMAP2)” (pg. 13-14)
. . ) Section 13.3.5.1, “Interrupt Mask (IMSK) and Interrupt
C-11 |Interrupt Pending (IPND) Register Pending (IPND) Registers” (pg. 13-16) C-12
. Section 13.3.5.1, “Interrupt Mask (IMSK) and Interrupt
C-12 |Interrupt Mask (IMSK) Registers Pending (IPND) Registers” (pg. 13-16) C-13
C-13 |Fault Table and Fault Table Entries Section 9.3, “FAULT TABLE” (pg. 9-4) C-14
C-14 | Fault Record Section 9.5, “FAULT RECORD" (pg. 9-6) C-15
C-15 | Breakpoint Control (BPCON) Register Section 10.2.7.4, “Breakpoint Control Register” (pg. 10-7) |C-16
C-16 | Data Address Breakpoint Register Format f’gf’gt')m 10.2.7.5, "Data Address Breakpoint Registers™ (pg. | ¢ g
C-17 | Instruction Breakpoint Register Format 188?11;;))" 10.2.7.8, "Instruction Breakpoint Registers” (pg. C-17
Initi | : Wit "
c-18 gg:ﬁ'rgf%ﬂgg'ky(;";gg)“w) andProcess | gection 11.3.1, “Initial Memory Image (IMI)” (pg. 11-9) c-18
C-19 | Control Table Section 11.3.3, “Control Table” (pg. 11-19) C-19
C-20 | Process Control Block Configuration Words 1S1e ﬂ?n 11.3.1.2, "Process Control Block (PRCB)” (pg. C-20
C-21 |IEEE 1149.1 Device Identification Register ?ﬁgﬁn 11.4,“DEVICE IDENTIFICATION ON RESET” (pg. c-21
C-22 | Bus Control Register (BCON) Section 12.4.1, “Bus Control (BCON) Register” (pg. 12-6) | C-21
C-23 | PMCON Register Bit Description Section 12.3.1, “Bus Width” (pg. 12-5) C-22
C-24 | Logical Memory Template Starting Address Section 12.6, “Programming the Logical Memory C-22
Registers (LMADRO-1) Attributes” (pg. 12-8)
G-25 | Logical Memory Template Mask Registers Section 12.6, “Programming the Logical Memory c-23
(LMMRO-1) Attributes” (pg. 12-8)
¢-26 | Default Logical Memory Configuration Section 12.6, “Programming the Logical Memory c23
Register (DLMCON) Attributes” (pg. 12-8)
C-1




REGISTER AND DATA STRUCTURES Inte|®

Fig. : Register / Data Structure Where defined in the manual Page
C-27 | Timer Mode Register (TMRO, TMR1) 182_‘;5;0" 14.1.7, “Timer Mode Register (TMRO, TMRT)” (pg. | . ,,
C-28 | Timer Count Register (TCRO0, TCR1) 13:%;0“ 1412, Timer Gount Hegister (TCRO, TCRT)" (pg. C-24
C-29 | Timer Reload Register (TRRO, TRR1) (Sp‘thi&',’_ 71)4 13, mmef Reload Register (TRRO, TRR1)” | 5

C.1 Register and Data Structures

No-Imprecise-Faults Bit- AC.nif ————————T

(0) Some Faults are Imprecise
(1) All Faults are Precise

Integer Overflow Mask Bit - AC.om
(0) No Mask
(1) Mask

Integer-Overflow Flag - AC.of
(0) No Overflow
(1) Overflow

Condition Code Bits - AC.cc
; Reserved ‘ , ]
(Initialize to 0) B _ F_CAO04A

Figure C-1. Arithmetic Controls (AC) Register

Section 3.6;2, “Arithmetic Controls (AC) Register” (pg. 3-17)




Intel® REGISTER AND DATA STRUCTURES

Trace-Enable Bit - PC.te
(0) Globally disable trace faults
(1) Globally enable trace faults

Execution-Mode Flag - PC.em
(0) user mode
(1) supervisor mode

Trace-Fault-Pending - PC.tfp
(0) no fault pending

(1) fault pending
State Flag - PC.s

(0) executing

(1) interrupted

Priority Field - PC.p
(0-31) process priority l
]
-p dk p pe ‘
al3f2]1]o m|e
31 28 24 20 16 12 8 4 0
Reserved
(Do not modify) F_CRO05A

Figure C-2. Process Controls (PC) Register

Section 3.6.3, “Process Controls (PC) Register” (pg. 3-20)
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Trace Mode Bits

Instruction Trace Mode - TC.i
Branch Trace Mode - TC.b

Call Trace Mode -TC.c

Return Trace Mode - TC.r

Pre-Return Trace Mode - TC.p

Supervisor Trace Mode - TC.s

Mark Trace Mode - TC.mk

Reserved

12 8 4

Hardware Breakpoint Event Flags
Instruction-Address Breakpoint 0 - TC.i0f
Instruction-Address BreaKpoint 1 - TC.i1f
Data-Address Breakpoint 0 - TC.dOf
Data-Address Breakpoint 1 - TC.d1f

F_CA023A

Figure C-3. Trace Controls (TC) Register

Section 10.1.1, “Trace Controls (TC) Register” (pg. 10-2)
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000H

08H

supervisor stack pointer base 00CH

procedure entry 0

Trace
~ Control
Bit

010H

02CH
030H

procedure entry 1

034H

procedure entry 2

038H

03CH

438H

procedure entry 259

43CH

Procedure Entry

210

address

L

Reserved
(Initialize to 0)

. Preserved

LI
1 Entry Type:
00 - Local
10-Supervisor

F_CAO13A

Secti

Figure C-4. System Procedure Table

on 7.5.1, “System Procedure Table” (pg. 7-16)
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Procedure Stack
. —
Current Register Set Previous Frame Pointer (PFP) r0
¢ 9ok | r— Stack Pointer (SP) r1 )
. Previous
: Return Instruction Pointer (RIP) r2 Stack
Frame
| . r15
Frame Pointer (FP)  g15 | M
SRR = user allocated stack
padding aréa
Previous Frame Pointer (PFP)  r0
Stack Pointer (SP) al -
register Current
reserved for RIP r2 save area Stack
. Frame
r15
user allocated stack
unused stack
stack growth
(toward higher addresses)
F_CA010A

Figure C-5. Procedure Stack Structure and Local Registers

Section 7.1.1, “Local Registers and the Procedure Stack” (pg. 7-2)
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Return Status i
Return-Type Field - PFP.rnt
Pre-Return-Trace Flag - PFP.p

Previous Frame Pointer

Address-PFP.a l

a r r r
3 a t] t] t
1 “Pla] 4]0
31 28 24 20 16 12 8 4 0

|
F_CA014A ”
1

Figure C-6. Previous Frame Pointer (PFP) Register (r0)

Section 7.2, “MODIFYING THE PFP REGISTER’ (pg. 7-13)

|
?
|
|

l, ﬂ - | | | C-7
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31 87 0
Pending Priorities 000H
004H
Pending Interrupts
<
020H
Entry 8 024H (Vector 8)
Entry 9 028H (Vector 9)
Entry 10 02CH (Vector 10)
Entry 243 3DO0H (Vector 243)

Entry 252

Entry 255

3D4H (Vector 244)

.| 3EOH (Vector 247)
3E4H (Vector 248)
3E8H (Vector 249)

| 3FOH (Vector 251)
3F4H (Vector 252)

400H (Vector 255)

Vector Entry

210

| Instruction Pointer

EE

Reserved (Initialize to 0)

- Preserved

F_CAO16A

[—
- Entry Type:
00 Normal
01 Reserved'
10 Target in Cache
11 Reserved’

Vector entries with a reserved
type have unpredictable behavior.

Figure C-7. Interrupt Table

Section 8.4, “INTERRUPT TABLE” (pg. 8-3)
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§
i
L
ik
t

Current Stack
31 (local, supervisor, or interrupt stack) 0
FP ;
current frame
a1 Interrupt Stack 0
padding area
- optional data
stack - . .
growth . ‘ (not ue by 80960Jx Implementation)
saved Process Controls Register NFP-16
Interrupt
saved Arithmetic Controls Register NFP-12 | Record
vector number NFP-8
' NFP
new frame
Reserved
l l F_CA017A

Figure C-8. Storage of an Interrupt Record on the Interrupt Stack

Section 8.5, “INTERRUPT STACK AND INTERRUPT RECORD” (pg. 8-5)

e e
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REGISTER AND DATA STRUCTURES

tel.

Interrupt Mode - ICON.im
(00) Dedicated
(01) Expanded
(10) Mixed
(11) Reserved

Signal Detection Mode - ICON.sdm
(0) Level-low activated
(1) Falling-edge activated
Global Interrupts Enable - ICON.gie
(0) Enabled
(1) Disabled
Mask Operation - ICON.mo
(00) Move to r3, mask unchanged
(01) Move to r3 and clear for dedicated mode interrupts
(10) Move to r3 and clear for expanded mode interrupts
(11) Move to r3 and clear for dedicated and expanded
mode interrupts
Vector Cache Enable - ICON.vce
(0) Fetch from external memory
(1) Fetch from internal RAM

Sampling Mode -ICON.sm
(0) debounce
(1) fast

oo 3
o -Q

~N3on
c3aon
AJon

w3an

=3Jon

o3an

-3 -

® |n3an

31 28 24 20 16 12

Interrupt Control Register (ICON)

Reserved
(Initialize to 0)

& {v3aon

o| o3~

Figure C-9. Interrupt Control (ICON) Register

Section 13.3.4, “Interrupt Control Register (ICON)” (pg. 13-12)
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External Interrupt 0 Field - IMAP0.x0

External Interrupt 1 Field - IMAPO.x1 ,
External Interrupt 2 Field - IMAP0.x2
External Interrupt 3 Field - IMAPO.x3

x| x| x| x| x| x| x x| x| x|x]x]|x “
3f2]2|2l2f1}1|1|1]0jofo0j0O j
| el olsl2| "folal2l1]olal2]1]o !
28 24 20 16 12 8 4 0 |
Interrupt Map Register 0 (IMAPO) |
|
External Interrupt 4 Field - IMAPO.x4
External Interrupt 5 Field - IMAPO.x5
External Interrupt 6 Field - IMAP0.x6
External Interrupt 7 Field - IMAPO.x7
l l I | \
\
x| x| x] x| x| x| x} x| x| x| x| x|x]x}|x X
71717]6|6|/6]|6]5/5|5]5]414]4]4
, 6151471/ 6/51417/615]4]7]/6]|5]|4
28 24 20 16 12 8 4 0

Interrupt Map Register 1 (IMAP1) |

Timer Interrupt O Field - IMAP2.t0
Timer Interrupt 1 Field - IMAP2.t1 —

-
-
—

-
-
o =~
w o
o o
= O

28 24 20 16 12 8 4 0

Interrupt Map Register 2 (IMAP2)

Reserved
(Initialize to 0)

Figure C-10. Interrupt Mapping (IMAPO-IMAP2) Registers

Section 13.3.5, “Interrupt Mapping Registers (IMAPO-IMAP2)” (pg. 13-14) |



'REGISTER AND DATA STRUCTURES

External Interrupt Pending Bits - IPND.xip
(0) No Interrupt
(1) Pending Interrupt

Timer Interrupt Pending Bits - IPND.tip
&0; No Interrupt
1) Pending Interrupt

tijt XIXIXIXEX[{X]X]X
il ilifififififili
ple plelpipleipr|prir
1 7lelsfalaf2]l1jo
28 24 20 16 12 8 4 0

RESERVED
(INITIALIZE TO 0)

Figure C-11. Interrupt Pending (IPND) Register

Section 13.3.5.1, “Interrupt Mask (IMSK) and Interrupt Pending (IPND) Registers” (pg. 13-16)

C-12
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Dedicated External Interrupt Mask Bits - IMSK.xim

(0) Masked
(1) Not Masked
Timer Interrupt Mask Bits - IMSK.tim
(0) Masked 1
(1) Not Masked [_l
t]t xIx|x|x{x|x|[x]x
ifi ifiijijilififi ,
mim mimimimimimimim
1]0 7]6(5]413]2]1]0 {
28 24 20 16 12 8 4 0 ‘
Interrupt Mask Register (IMSK) Dedicated Mode ‘1
Expanded External Interrupts Mask Bits - IMSK.eim
(0) Masked
(1) Not Masked
Timer Interrupt Mask Bits - IMSK.tim -] |
(0) Masked |
(1) Not Masked ‘

Interrupt Mask Register (IMSK) Expanded Mode

|
|
28 2 20 16 12 8 4 0 l
|
|
|
|

Expanded External Interrupt Mask Bits - IMSK.eim |
(0) Masked |
(1) Not Masked

Dedicated External Interrupt Mask Bits - IMSK.xim |
(0) Masked
(1) Not Masked

Timer Interrupt Mask Bits - IMSK.tim
0) Masked
1) Not Masked

28 24 20

Interrupt Mask Register (IMSK) Mixed Mode

RESERVED
(INITIALIZE TO 0)

Figure C-12. Interrupt Mask (IMSK) Registers

Section 13.3.5.1, “Interrupt Mask (IMSK) and Interrupt Pending (IPND) Registers” (pg. 13-16)

l c-13



REGISTER AND DATA STRUCTURES

31 Fault Table , 0

Override/Parallel Fault Entry

Trace Fault Entry

Operation Fault Entry

Arithmetic Fault Entry

- ~ Constraint Fault Entry ‘

) ) Protection Fault Entry

' Type Fault Entry e

FCH
31 Local-Call Entry ) 210
Fault-Handler Procedure Address ojofn
o " o e 4
31 ©°  System-CallEntry 21-0
Fault-Handler Procedure Number - Iio n
0000 027FH n+4
Initiali :
- Reserved (Initialize to 0) F_CAO19A

00H
08H
10H
18H
20H
28H
30H
38H
40H
48H

50H

Figure C-13. Fault Table and Fault Table Entries

-Section 9.3, “FAULT TABLE” (pg. 9-4)
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31

NFP - (n+1)*32

FAULT DATA
NFP - 24- n*32
NFP - 20- n*32
NFP - 12- n*32
Jes |, L AIYEEN, FSUBIYRE(M) , | NFP-8-n32
ADDRESS OF FAULTING INSTRUCTION (n) NFP - 4- n*32
NFP - 64
RESUMPTION INFORMATION
NFP - 52
NFP - 44
OVERRIDE FAULT DATA R
NFP - 32
FAULT DATA
L oores L[ L oner . [N | | osubrie | | NFP-20
PROCESS CONTROLS NFP-16
ARITHMETIC CONTROLS NFP-12
T T T ryrrnrnrnrTioruond T 1 7V 7T T 17 10
., FFLAGS (1) . FTYPE()) FSUBTYPE (1) NFP-8
1 17171 ] 1L 1T 17T 1 171
e e o v . . ., ADDRESSOFFAULTINGINSTRUCTION() = =~ = . . | NFP-4
31 28 24 20 16 12 8 4 0
. RESERVED
F_CRO12A

Figure C-14. Fault Record

Section 9.5, “FAULT RECORD” (pg. 9-6)
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DABO
DAB1 1
- 1
mimjejegmimije
1fofjt1jof1jo]1 , , ,
31 28 2 20 16 12 8 4
Reserved ‘ ) B Hardware Reset Value: 0000 0000H
(Initialize to 0) ' ' Software Re-Init Value: Retains State .

Figure C-15. Breakpoint Control (BPCON) Register

Section 10.2.7.4, “Breakpoint Control Register” (pg. 10-7)

Data Address l

31 28 24 20 16 12 8 4 0

Hardware Reset Value: 0000 0000H
Software Re-init Value: 0000 0000H

Figure C-16. Data Address Breakpoint Register Format

Section 10.2.7.5, “Data Address Breakpoint Registers” (pg. 10-9)

C-16 I
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REGISTER AND DATA STRUCTURES g

1BPx Mode
Instruction Address

mim
0

-

31 28

24

20

16

12 8 4 0

Hardware Reset Value: 0000 0000H !
Software Re-init Value: 0000 0000H '

Section 10.2.7.8, “Instruction Breakpoint Registers” (pg. 10-10)

Figure C-17. Instruction Breakpoint Register Format




REGISTER AND DATA STRUCTURES

Fixed Data Structures Relocatable Data Structures
User Code:

< <

Init. Boot Record (IBR):  Address ~ Process Control Block (PRCB):
Sﬁg%" FEFF FF30H Fault Table Base Address
5%301" FEFF FF34H Control Table Base Address
5;12302" FEFF FF38H AC Register Initial Image
| Pmcon }
~| Byte 3 FEFF FF3CH * Fault Configuration Word
First Instruction
Pointer FEFF FF40H . Interrupt Table Base Address
T PRCB Pointer FEFF FFa4H System Procedure
FEFF FF48H Table Base Address
Reserved
Interrupt Stack Pointer
6 Check Words Instruction Cache
(For Bus Confidence Configuration Word
Self-Test) Register Cache
FEFF FF5CH Configuration Word

Control Table

Interrupt Table

System Procedure Table

Other Architecturally
Defined Data
Structures (Not
Required As Part Of IMl)

Figure C-18. Initial Memory Image (IMI) and Process Control Block (PRCB)

Section 11.3.1, “Initial Memory Image (IMl)” (pg. 11-9)
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31 0
Reserved (lnitialize to 0) 00H
Reserved (Initialize to 0) 04H
Reserved (Initialize to Q) 08H
Reserved (Initialize to 0) OCH
Interrupt Map 0 (IMAPO) 10H §
Interrupt Map 1 (IMAP1) 14H
Interrupt Map 2 (IMAP2) 18H
Interrupt Configuration (ICON) 1CH
Physical Memory Region 0:1 Configuration (PMCONO_1) 20H
Reserved (Initialize to 0) 24H
Physical Memory Region 2:3 Configuration (PMCON2_3) 28H |
' Reserved (Initialize to 0) 2CH w
Physical Memory Region 4:5 Configuration (PMCON4_5) ‘30H \
Reserved (Initialize tb 0) 34H 1
Physical Memory Region 6:7 Configuration (PMCONG6_7) 38H
Reserved (Initialize to 0) 3CH }
Physical Memory Region 8:9 Configuration (PMCONS8_9) 40H
Reserved (Initialize to 0) 44H
Physical Memory Region 10:11 Configuration (PMCON10_11 48H
Reserved (Initialize to 0) ’ 4CH
Physical Memory Region 12:13 Configuration (PMCON12_13) 50H
Reserved (Ini(ialize tb 0) 54H
Physical Memory Region 14:15 Configuration (PMCON14_15) 58H
Reserved (Initialize to 0) ) 5CH
Reserved (Initialize to 0) 60H
Heserved(lnﬁi‘alize to 0) ' , : 64H
Trace Controls (TC) 68H
Bus Configuration Control (BCON) 6CH

Figure C-19. Control Table

Section 11.3.3, “Control Table” (pg. 11-19)
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AC Register Initial Image

31 . 28 24 .20 .16 12 S8 4

t — Mask Non-Aligned Bus Request Fault

(0) enable the fault
(1) mask the fault

Offset 08H
Condition Code Bits - AC.cc -
Integer-Overflow Flag - AC.of -
(0) no overflow .
(1) overflow ) ' .
Integer Overflow Mask Bit - AC.om -
(0) enable overflow faults
(1) mask overflow faults )
No-Imprecise-Faults Bit - AC.nif
(0) allow imprecise fault conditions ‘ e
(1) prevent imprecise fault conditions .
31 28 24 20 © 16 ' I
- . Cc cj]c
L HEL
0
Fault Configuration Word Offset OCH

0

Instruction Cache Configuration Word

Disable Instruction Cache
(0) enable cache
(1) disable cache

31 28 24 20 16 12 8 4

Offset 20H

Register Cache Configuration Word
Programmed Limit

Reserved
(Initialize to 0)

Offset 24H

F_CRO76A

Figure C-20. Process Control Block Configuration Words

Section 11.3.1.2, “Process Control Block (PRCB)” (pg. 11-14)
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Part Number
Product
Version Type Gen Model Manufacturer ID
ojloflojojo|o]o]1 1
28 24 20 16 12 8 4 0
Figure C-21. IEEE 1149.1 Device ldentification Register
Section 11.4, “DEVICE IDENTIFICATION ON RESET” (pg. 11-21)
Configuration Entries in Control Table Valid (BCON.ctv)
0 = PMCON entries not valid, default to PMCON14_15 setting.
1 = PMCON entries valid :
Internal RAM Protection (BCON.irp)
0 = Internal data RAM not protected from user mode writes
1 = Internal data RAM protected from user mode writes
Supervisor Internal RAM Protection (BCON.sirp)
0 = First 64-bytes not protected from supervisor mode writes
1 = First 64-bytes protected from supervisor mode writes
TlLle
b
R
1 1 P PV
28 24 20 16 12 8 4 0
Reserved,

write to zero

Figure C-22. Bus Control Register (BCON)

Section 12.4.1, “Bus Control (BCON) Register” (pg. 12-6)

C-21
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Bus Width

00 = 8-bit
: 01 = 16-bit
Reserved, 10 = 32-bit bus
write to zero

11 = reserved (do not use)

Figure C-23. PMCON Register Bit Description

Section 12.3.1, “Bus Width” (pg. 12-5)

Byte Order (read-only)
0 = Little endian
1 = Big endian

Data Cache Enable
0 = Data caching disabled
1 = Data caching enabled

ZmoO Qg | «———

31 28 24 20 16 12
AlAJA[AJAJAJAJAJAJAJAJAJAJA[A]JA]JA|A|A]A B
3l3f2f2)2|2|2]2)2]2]2]2)1 |1 1|1§1]1]1] E
1loflo|8])7|e]5|4])3]|2|1]o}o]8]|7|6]5]4]3]2
L | 8 4 0
: Template Starting Address
Reserved, .
write to zero )

Figure C-24. Logical Memory Template Starting Address Registers (LMADRO-1)

Section 12.6, “Programming the Logical Memory Attributes” (pg. 12-8)

Cc-22
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Byte Order (read-only)
0 = Little endian
1 = Big endian

Data Cache Enable
0 = Data caching disabled
1 = Data caching enabled

zmoo| «—

31 28 24 20 16
A|AlA|AJA|A|AlAJA[A]A[A]A|A|[A|A]AlA|A B
3(312]2)2]2]|2]2)2|2)2f2 1|1 |1]1]}1]1]1 E
1|ojo|8)7|e|5]4]3|2|1]|o)9o|8|[7]|6]5 3
| 0
Template Starting Address
Reserved, .

write to zero

Figure C-25. Logical Memory Template Mask Registers (LMMRO-1)

Section 12.6, “Programming the Logical ‘Memory Attributes” (pg. 12-8)

Big Endian Byte Order
0 = Little endian
1 = Big endian

Data Cache Enabled
0 = Data caching disabled
1 = Write-through caching enabled

ZmOO0| «—

31 28 20 16 12 8 4 0

Reserved,
write to zero

~ Figure C-26. Default Logical Memory Configuration Register (DLMCON)

Section 12.6, “Programming the Logical Memory Attributes” (pg. 12-8)

C-23




REGISTER AND DATA STRUCTURES

)

Terminal Count Status - TMRx.tc

(0) No Terminal Count
(1) Terminal Count

Timer Enable - TMRx.enable

(0) Disable
(1) Enable

Timer Auto Reload Enable - TMRx.reload

(0) Auto Reload Disabled
(1) Auto Reload Enabled

Timer Register Supervisor Write Control - TMRx.sup

(0) Supervisor and User Mode Write Enabled
(1) Supervisor Mode Only Write Enable

Timer Input Clock Selects - TMRx.csel1:0
(00) 1:1 Timer Clock = Bus Clock

(01) 2:1 Timer Clock = Bus Clock / 2
(10) 4:1 Timer Clock = Bus Clock / 4
(11) 8:1 Timer Clock = Bus Clock / 8

31 28 24 20 16 2 8

Timer Mode Register (TMRO, TMR1)

Reserved
(Initialize to 0)

Figure C-27. Timer Mode Register (TMRO, TMR1)

Section 14.1.1, “Timer Mode Register (TMRO, TMR1 )’ (pg. 14-2)

Timer Count Value - TCRx.d31:0
D31:0

28 24 20 16 12 8
Timer Count Register (TCRO, TCR1)

Figure C-28. Timer Count Register (TCRO, TCR1)

Section 14.1.2, “Timer Count Register (TCRO, TCR1)” (pg. 14-6)
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Timer Auto-Reload Value - TRRx.d31:0
D31:0 l

I |

28 24 20 16 12 8 4 0

Timer Reload Register (TRRO, TRR1)

Figure C-29. Timer Reload Register (TRRO, TRR1)

Section 14.1.3, “Timer Reload Register (TRRO, TRR1)” (pg. 14-7)

|
4
i
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APPENDIX D
MACHINE-LEVEL INSTRUCTION FORMATS

This appendix describes the encoding format for instructions used by the 1960 processors. Included
is a description of the four instruction formats and how the addressing modes relate to the these
formats. Refer also to APPENDIX B, OPCODES AND EXECUTION TIMES.

D.1 GENERAL INSTRUCTION FORMAT

The 1960 architecture defines four basic instruction encoding formats (as shown in Figure D-1 on
page D-1): REG, COBR, CTRL and MEM. Most instruction uses one of these formats, which is
defined by the instruction’s opcode field. All instructions are one word long and all begin on word
boundaries. MEM format instructions are encoded in one of two sub-formats: MEMA or MEMB.
MEMB permits an optional second word to hold a displacement value. The following sections
describe each format’s instruction word fields.

31 28 24 20 16 12 8 4
1) L) T 1 T T 1 L] T ] L] T T T L] L] L) T
OPCODE SRC/DST SRC2 M[M|m| opcobe ||, SRC1 REG
(8 bits) (5 bits) (5 bits) 32 ]1] (4vbis) (5 bits)
31 28 24 20 16 12 8 4
T L) T ) T T T 1 T T L] T L] 1 1 T L] 1 T T L] Ll
OPCODE SRC1 SRC2 M DISPLACEMENT
(8 bits) (5 bits) (5 bits) 1 (11 bits) 0 COBR
31 28 24 20 16 12 8 4
T L] 1 1 T T T L] 1 ¥ T 1 1 1] T L] T T T L] ] T ] T ]
OPCODE DISPLACEMENT
(8 bits) (22 bits) 0 CTRL
31 28 24 20 16 12 8 4
1 L] T T T 1 T Ll ) 1 L] T T ] T L) 1 ) T L] T )
OPCODE SRC/DST ABASE OFFSET
(8 bits) (5 bits) (5 bits) 0 (12 bits) MEMA
! 7 MODE
31 28 24 20 16 12 | 8 4
T L] T T L] L) T L] T T T L] 1 T T L] T 1
OPCODE SRC/DST ABASE 1 SCALE | | INDEX
T IO Sl o M G T
OPTIONAL DISPLACEMENT
Figure D-1. Instruction Formats
D-1
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MACHINE-LEVEL INSTRUCTION FORMATS Intel ®

OPCODE . The opcode of the instruction. Opcode encodings are defined in section 6.1.8,
. ; ‘ “Opcode and Instruction Format” (pg. 6 6).

SRC 1 An input to the instruction. Spec1ﬁes a value or address. In one case in the
COBR format, th1s ﬁeld is used to spec1fy a register in which a result is
stored. : ;

SRC2" " An 1nput to the instruction. Specifies a value or address ,

SRC/DST Depending on the specific instruction, this can be (1) an input value or
address, (2) the register where the result is stored, or (3) both of the above.

ABASE A register. The register’s value is used in computing a memory address.

INDEX A ‘reg-ister. The register"s value is used in computing a memory address.

DISPLACEMENT A s1gned two’s complement number

OFFSET . Anunsigned pos1t1ve number. '

OPTIONAL a signed two’s complement number in case of 2-word MEMB format.
displacement

MODE A specification of how a memory address for an operand is computed, and for

MEMB specifies whether the mstructmn contains a second word to be used
. as a displacement.

SCALE A specification of how a register’s contents are multiplied for certain
addressing modes (i.e., for indexing).
Mi1, M2, M3 These fields further deﬁne the meaning of the SRC 1, SRC 2, and src/dest

fields respectively as shown in Table D-1.

When a particular instruction is deﬁned as not using a particular field, the field is ignored.

D.2 REG FORMAT

REG format is used for operations performed on data contained in registers. Most of the 1960
processor family’s instructions use this format. :

The opcode for.the REG instructions is 12 bits long (three hexadecimal digits) and is split between
bits 7 through 10 and bits 24 through 31. For example, the addi opcode is 591H. Here, 5S9H is
contained in bits 24 through 31; 1H is contained in bits 7 through 10.

srcl and src2 fields specify the instruction’s source operands. Operands can be global or local
registers or literals. Mode bits (M1 for src/ and M2 for src2) and the instruction type determme
what an operand specifies. Table D-1 shows this relationship:
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Table D-1. Encoding of src1 and src2 in REG Format

M1 or M2 0?:;::’ 3'::; Register Number Ligeral Value
0 00000 ... 01111 r0...r15 NA
10000 ... 11111 g0...g15 NA
1 00000 ... 11111 NA 0..31

The src/dst field can specify a source operand, a destination operand or both, depending on the
instruction. Here again, mode bit M3 determines how this field is used. If M3 is clear, the src/dst
operand is a global or local register that is encoded as shown in Table D-2. If M3 is set, the src/dst
operand can be used as a source-only operand that is a literal.

When a literal is specified, it is always an unsigned 5-bit value that is zero-extended to a 32-bit
value and used as the operand. When the instruction defines an operand to be larger than 32 bits,
values specified by literals are zero-extended to the operand size.

Table D-2. Encoding of src/dstin REG Format

M3 SRC/DST SRC Only DST Only
0 g0..g15 go...g15 g0..g15
10 ...r15 r0...r15 r0...r15
1 Reserved Literal Reserved

D.3 COBR FORMAT

The COBR format is used primarily for compare-and-branch instructions. The test-if instructions
also use the COBR format. The COBR opcode field is eight bits (two hexadecimal digits).

The srcl and src2 fields specify source operands for the instruction. The src! field can specify
either a global or local register or a literal as determined by mode bit mI. The src2 field can only
specify a global or local register. Table D-3 shows the M1, srcl relationship:

Table D-3. Encoding of src1in COBR Format

M1 srel
0 g0...g15
r0...r15
1 Literal

l D-3
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The displacement field contains a signed two’s complement number that specifies a word
displacement. The processor uses this value to compute the address of a target instruction to which
the processor goes as a result of a comparison. The displacement field’s value can range from 210
t0219-1. To determine the target instruction’s IP, the processor converts the displacement value to
a byte displacement (i.e., multiplies the value by 4). It then adds the resulting byte displacement to
the IP of the current instruction.

For the test<cc> instructions, only the srcl field is used. Here, this field specifies a destination
global or local register; M1 is ignored.

D.4 CTRL FORMAT

The CTRL format is used for instructions that branch to a new IP, including the branch,
branch<cc>, bal and call instructions; ret also uses this format. The CTRL opcode field is eight
bits (two hexadecimal digits).

A branch target address is specified with the displacement field in the same manner as COBR
format instructions. The displacement field specifies a word displacement as a signed, two’s
complement number in the range 221 to 2211, The processor ignores the ret instruction’s
displacement field.

D.5 MEM FORMAT

The MEM format is used for instructions that require a memory address to be computed. These
instructions include the load, store and lda instructions. Also, the extended versions of the branch,
branch-and-link and call instructions (bx, balx and callx) use this format.

The two MEM-format encodings are MEMA and MEMB. MEMB can optionally add a 32-bit
displacement (contained in a second word) to the instruction. Bit 12 of the instruction’s first word
determines whether MEMA (clear) or MEMB (set) is used.

The opcode field is eight bits long for either encoding. The src/dst field specifies a global or local
register. For load instructions, src/dst specifies the destination register for a word loaded into the
processor from memory or, for operands larger than one word, the first of successive destination
registers. For store instructions, this field specifies the register or group of registers that contain
the source operand to be stored in memory.
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The mode field determines the address mode used for the instruction. Table D-4 summarizes the
addressing modes for the two MEM-format encodings. Fields used in these addressing modes are \
described in the following sections.

Table D-4. Addressing Modes for MEM Format Instructions !

# of
Format | Mode Addressing Mode Address Computation Instr
Words
00 Absolute Offset offset 1
MEMA -
10 Register Indirect with Offset (abase) + offset 1 |
0100 | Register Indirect (abase) 1
0101 IP with Displacement (IP) + displacement + 8 2
0110 | Reserved reserved NA
0111 | Register Indirect with Index (abase) + (index) * 25cale 1
MEMB 1100 | Absolute Displacement displacement 2
1101 FDi_eglster Indirect w/ (abase) + displacement 2
isplacement
1110 | Index with Displacement (index) * 258/  displacement 2
1111 F\‘egnst_er Indirect with Index (abase) + (index) * 25¢a€ , displacement 2
and Displacement
NOTE:
In these address computations, a field in parentheses, e.g., (abase), indicates that the value in the

specified register is used in the computation. |
Usage of a reserved encoding causes generation of an OPERATION.INVALID_OPCODE fault.

D.5.1 MEMA Format Addressing

The MEMA format provides two addressing modes:
* absolute offset
* register indirect with offset

The offiset field specifies an unsigned byte offset from 0 to 4096. The abase field specifies a global
or local register that contains an address in memory.

For the absolute-offset addressing mode (mode = 00), the processor interprets the offset field as an ;
offset from byte O of the current process address space; the abase field is ignored. Using this
addressing mode along with the Ida instruction allows a constant in the range 0 to 4096 to be
loaded into a register.
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For the register-indirect-with-offset addressing mode (mode = 10), ojfset field value is added to the
address in the abase register. Setting the offset value to zero creates a register indirect addressing
mode; however, this operation can generally be carried out faster by using the MEMB version. of
this addressing mode.

D.5.2 - MEMB Format Addressing
The MEMB format provides the following seven addressing modes: .

»  absolute displacement » register indirect
e register indirect with displacement * register indirect with displacement
e register indirect with index and displacement ¢ index with displacement

e P with displacement

The abase and index fields specify local or global registers, the contents of which are used in
address computation. When the index field is used in an addressing mode, the processor automati-
cally scales the index register value by the amount specified in the scale field. Table D-5 gives the
encoding of the scale field. The optional displacement field is contained in the word following the
instruction word. The displacement is a 32-bit signed two’s complement value.

Table D-5. Encoding of Scale Field

Scale ) Scale Factor (Multiplier)
000 1
001 2
010 4
o 8
100 . . 16 -
101 to 111 Reserved

Note:
Usage of a reserved encoding causes an unpredictable result.

For the IP with displacement mode, the value of the displacement field plus eight is added to the
address of the current instruction.

i
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Address Space

Address

Arithmetic Controls
(AC) Register

Asynchronous
Faults

Big Endian

Condition Code
Flags

Execution Mode
Flag

GLOSSARY

An array of bytes used to store program code, data, stacks and system
data structures required to execute a program. Address space is linear —
also called flat — and byte addressable, with addresses running contigu-
ously from O to 232 - 1. It can be mapped to read-write memory, read-
only memory and memory-mapped I/O. 1960 architecture does not define
a dedicated, addressable I/O space.

A 32-bit value in the range O to FFFF FFFFH used to reference in
memory a single byte, half-word (2 bytes), word (4 bytes), double-word
(8 bytes), triple-word (12 bytes) or quad-word (16 bytes). Choice
depends on the instruction used.

A 32-bit register that contains flags and masks used in controlling the
various arithmetic and comparison operations that the processor
performs. Flags and masks contained in this register include the
condition code flags, integer-overflow flag and mask bit and the no-
imprecise-faults (NIF) bit. All unused bits in this register are reserved
and must be set to 0.

Faults-that occur with no direct relationship to a particular instruction in
the instruction stream. When an asynchronous fault occurs, the address
of the faulting instruction in the fault record and the saved IP are
undefined. i960 core architecture does not define any fault types that are
asynchronous.

The controller reads or writes a data word’s least-significant byte to the
bus’ eight most-significant data lines (D31:24). Big endian systems store
the least-significant byte at the highest byte address in memory. So, if a
big endian ordered word is stored at address 600, the least-significant
byte is stored at address 603 and the most-significant byte at address 600.
Compare with little endian.

AC register bits 0, 1 and 2. The condition code flags indicate the results
of certain instructions — usually compare instructions. Other instructions,
such as conditional branch instructions, examine these flags and perform
functions according to their state. Once the processor sets the condition
code flags, they remain unchanged until the processor executes another
instruction that uses these flags to store results.

PC register bit 1. This flag determines whether the processor is operating
in user mode (0) or supervisor mode (1).

Glossary-1
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Fault Call - An implicit call to a fault handling procedure. The processor performs
fault calls automatically without any intervention from software. It gets -
pointers to fault handling procedures from the fault table.

Fault Table An architecture-defined data structure that contains pointers to fault
handling procedures. Each fault table entry is associated with a particular
- fault type. When the processor generates a fault, it uses the fault table to
select the proper fault handling procedure for the type of fault condition
. detected.

Fault An event that the processor generates to indicate that, while executing
the program, a condition arose which could cause the processor to go
-down a wrong and possibly disastrous path. One example of a fault
condition is a divisor operand of zero in a divide operation; another
example is an instruction with an invalid opcode.

FP See Frame Pointer.

Frame Pointer (FP) The address of the first byte in the current (topmost) stack frame of the
procedure stack. The FP is contained in global register g15.

Frame See Stack Frame.

Global Registers A set of 16 general-purpose registers (g0 through g15) whose contents
are preserved across procedure boundaries. Global registers are used for
general storage of data and addresses and for passing parameters

_ between procedures.
Hard Reset The assertjori of the RESET# pin; equivalent to powerup.
IBR - See¢ Initialization Boot Record.
IMI See Initial Memory Image.

Imprecise Faults Faults that are allowed to be generated out-of-order from where they
occur in the instruction stream. When an imprecise fault is generated, the
processor indicates the address of the faulting instruction, but it does not
guarantee that software will be able to recover from the fault and resume
execution of the program with no break in the program's control flow.
The NIF bit in the arithmetic controls register determines whether all
faults must be precise (1) or some faults are allowed to be imprecise (0).

Initializaition Boot  One of three IMI components, IBR is the primary data structure required
Record (IBR) to initialize the 19960 CA microprocessor. IBR is 12-word structure which
must be located at address FFFF FFOOH.

Glossary-2 I
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Initial Memory
Image (IMI)

Instruction Cache

Instruction Pointer
(ap)

Integer Overflow
Flag

Integer Overflow
Mask Bit

Interrupt Call

Interrupt Stack
Interrupt Table

Interrupt Vector
Interrupt

Leaf Procedure

|

GLOSSARY

Comprises the minimum set of data structures the processor needs to
initialize its system. Performs three functions for the processor: 1)
provides initial configuration information for the core and integrated
peripherals; 2) provides pointers to system data structures and the first
instruction to be executed after processor initialization; 3) provides
checksum words that the processor uses in self-test at startup. See also
IBR, PRCB and System Data Structures.

A memory array used for temporary storage of instructions fetched from
main memory. Its purpose is to streamline instruction execution by
reducing the number of instruction fetches required to execute a
program.

A 32-bit register that contains the address (in the address space) of the
instruction currently being executed. Since instructions are required to be
aligned on word boundaries in memory, the IP's two least-significant bits
are always zero.

AC register bit 8. When integer overflow faults are masked, the
processor sets the integer overflow flag whenever integer overflow
occurs to indicate that the fault condition has occurred even though the
fault has been masked. If the fault is not masked, the fault is allowed to
occur and the flag is not set.

AC register bit 12. This bit masks the integer overflow fault.

An implicit call to a interrupt handling procedure. The processor
performs interrupt calls automatically without any intervention from
software. It gets vectors (pointers) to interrupt handling procedures from
the interrupt table. '

Stack the processor uses when it executes interrupt handling procedures.

An architecturally-defined data structure that contains vectors to
interrupt handling procedures and fields for storing pending interrupts.
When the processor receives an interrupt, it uses the vector number that
accompanies the interrupt to locate an interrupt vector in the interrupt
table. The interrupt table's pending interrupt fields contain bits that
indicate priorities and vector numbers of interrupts waiting to be
serviced.

A pointer to an interrupt handling procedure. In the 1960 architecture,
interrupts vectors are stored in the interrupt table.

An event that causes program execution to be suspended temporarily to
allow the processor to handle a more urgent chore.

Leaf procedures call no other procedures. They are called “leaf
procedures” because they reside at the “leaves” of the call tree.

Glossary-3
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Literals A set of 32 ordinal values ranging from O to 31 (5 bits) that can be used
o as operands in certain instructions.

Little Endian The controller reads or writes a data word’s least-significant byte to the
bus’ eight least-significant data lines (D7:0). Little endian systems store
a word’s least-significant byte at the lowest byte address in memory. For
example, if a little endian ordered word is stored at address 600, the
least-significant byte is stored at address 600 and the most-significant
byte at address 603. Compare with big endian. ‘

Local Call ' A procedure call that does not require a switch in the current execution
mode or a switch to another stack. Local calls can be made explicitly
through the call, callx and calls instructions and implicitly through the
fault call mechanism. ‘

Local Registers A set of 16 general-purpose data registers (rQ through rl5) whose
contents are associated with the procedure currently being executed.
Local registers hold the local variables for a procedure. Each time a
procedure is called, the processor automatically allocates a new set of
local registers for that procedure and saves the local registers for the
calling procedure.

Memory Array to which address space is mapped. Memory can be read-write,
read-only or a combination of the two. A memory address is generally
synonymous with an address in the address space.

“Natural” Fill The processor fetches only the amount of data that is requested by a load

Policy (i.e:, a word, long word, etc.) on a data cache miss. Exceptions are byte
and short word accesses, which are always promoted to words.

NIF See No Imprecise Faults Bit.

NMI See Non Maskable Interrupt.

No Imprecise Faults AC register bit 15. This flag determines whether or not imprecise faults

(NIF) Bit are allowed to occur. If set, all faults are required to be precise; if clear,

certain faults can be imprecise.
Non Maskable Provides an interrupt that cannot be masked and has a higher priority
Interrupt (NMI) than priority-31 interrupts and priority-31 process priority. The core
; services NMI requests immediately.
Parallel Faults A condition which occurs when multiple execution units, executing

. instructions in parallel, report multiple faults simultaneously. Setting the
NIF bit prohibits execution conditions which could cause parallel faults.

Glossary-4 I
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Pending Interrupt
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An interrupt that the processor saves to be serviced at a later time. When

PFP

Pointer

PRCB
Precise Faults

Previous Frame
Pointer (PFP)

Priority Field

Priority

Process Control
Block (PRCB)

Process Controls
(PC) Register

the processor receives an interrupt, it compares the interrupt's priority
with the priority of the current processing task. If the priority of the
interrupt is equal to or less than that of the current task, the processor
saves the interrupt's priority and vector number in the pending interrupt
fields of the interrupt table, then continues work on the current
processing task.

See Previous Frame Pointer.

An address in the address space (or memory). The term pointer generally
refers to the first byte of a procedure or data structure or a specific byte
location in a stack.

See Process Control Block.

Faults generated in the order in which they occur in the instruction
stream and with sufficient fault information to allow software to recover
from the faults without altering program's control flow. The AC register
NIF bit and the syncf instruction allow software to force all faults to be
precise.

The address of the previous stack frame's first byte. It is contained in bits
4 through 31 of local register 10.

PC register bits 16 through 20. This field determines processor priority
(from 0 to 31). When the processor is in the executing state, it sets its
priority according to this value. It also uses this field to determine
whether to service an interrupt immediately or to save the interrupt for
later service.

A value from 0 to 31 that indicates the priority of a program or interrupt;
highest priority is 31. The processor stores the priority of the task
(program or interrupt) that it is currently working on in the priority field
of the PC register. See also NMI.

One of three (IMI) components, PRCB contains base addresses for
system data structures and initial configuration information for the core
and integrated peripherals.

A 32-bit register that contains miscellaneous pieces of information used
to control processor activity and show current processor state. Flags and
fields in this register include the trace enable bit, execution mode flag,
trace fault pending flag, state flag, priority field and internal state field.
All unused bits in this register are reserved and must be set to 0.
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Register Score-
boarding

Return Instruction
Pointer (RIP)

Return Type Field

RIP
Soft Reset

SP
Stack Frame

Stack Pointer (SP)

Stack

State Flag

State
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Internal flags that indicate a particular register or group of registers is’

being used in an operation. This feature enables the processor to execute
some instructions in parallel and out-of-order. When the processor
begins executing an instruction, it sets the scoreboard flag for the
destination register in use by that instruction. If the instructions that
follow do not use scoreboarded registers, the processor is able to execute
one or more of those instructions concurrently with the first instruction.

The address of the instruction following a call or branch-and-link
instruction that the processor is to execute after returning from the called
procedure. The RIP is contained in local register r2. When the processor
executes a procedure call, it sets the RIP to the address of the instruction
immediately following the procedure call instruction.

Bits 0, 1 and 2 of local register r0. When a procedure call is made using
the integrated call and return mechanism, this field indicates the call
type: local, supervisor, interrupt or fault. The processor uses this
information to select the proper return mechanism when returning from
the called procedure.

See Return Instruction Pointer.

Re-running of the Reset microcode without physically asserting the
RESET# pin or removing power from the CPU.

‘See Stack Pointer.

A block of bytes on a stack used to store local variables for a specific
procedure. Another term for a stack frame is an activation record. Each
procedure that the processor calls has its own stack frame associated
with it. A stack frame is always aligned on a 64-byte boundary. The first
64 bytes in a stack frame are reserved for storage of the local registers
associated with the procedure. The frame pointer (FP) and stack pointer
(SP) for a particular frame indicate location and boundaries of a stack
frame within a stack.

The address of the last byte in the current (topmost) frame of it‘he
procedure stack. The SP is contained in local register r1.

A contiguous array of bytes in the address space that grows from low

addresses to high addresses. It consists of contiguous frames, one frame
for each active procedure. i960 architecture defines three stacks: local,
supervisor and interrupt.

PC register bit 10. This flag indicates to software that the processor is
currently executing a program (0) or servicing an interrupt (1).

The type of task that the processor is currently working on: a program or
an interrupt handling procedure. The processor sets the PC register state
flag to indicate its current state.
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Status and Control
Registers

Supervisor Call

Supervisor Mode

Supervisor Stack
Pointer

Supervisor Stack
System Call

System Data
Structures

System Procedure
Table
Trace Table

Trace Control Bit

Trace Controls
(TC) Register

GLOSSARY

A set of four architecturally-defined registers — each 32-bits in length —
that contain status and control information used in controlling program
flow. These registers include the instruction pointer (IP), AC register, PC
register and TC register.

A system call (made with the calls instruction) where the entry type of
the called procedure is 102. If the processor is in user mode when a
supervisor call is made, it switches to the supervisor stack and to
supervisor mode.

One of two execution modes — user and supervisor — that the processor
can be in. The processor uses the supervisor stack when in supervisor
mode. Also, while in supervisor mode, software is allowed to execute the
modpc instruction and any other implementation-defined instructions
that are designed to be supervisor mode instructions.

The address of the first byte of the supervisor stack. The supervisor stack
pointer is contained in bytes 12 through 15 of the system procedure table
and the trace table.

The procedure stack that the processor uses when in supervisor mode.

An explicit procedure call made with the calls instruction. The two types
of system calls are a system-local call and system-supervisor call. On a
system call, the processor gets a pointer to the system procedure through
the system procedure table.

One of three IMI components. The following system data structures
contain values the processor requires for initialization: PRCB, IBR,
system procedure table, control table, interrupt table.

An architecturally-defined data structure that contains pointers to system
procedures and (optionally) to fault handling procedures. It also contains
the supervisor stack pointer and the trace control flag.

An architecturally-defined data structure that contains pointers to trace-
fault-handling procedures. The trace table has the same structure as the
system procedure table.

Bit 0 of byte 12 of the system procedure table. This bit specifies the new
value of the trace enable bit when a supervisor call causes a switch from
user mode to supervisor mode. Setting this bit to 1 enables tracing;
setting it to O disables tracing.

A 32-bit register that controls processor tracing facilities. This register
contains one event bit and one mode bit for each trace fault subtype (i.e.,
instruction, branch, call, return, prereturn, supervisor and breakpoint).
The mode bits enable the various tracing modes; the event flags indicate
that a particular type of trace event has been detected. All the unused bits
in this register are reserved and must be set to 0.
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Trace Enable Bit PC register bit 0. This bit determines whether trace faults are to be
generated (1) or not generated (0).

Trace Fault ~ PC register bt 10. This flag indicates that a trace event has been detected
Pending Flag (1) but not yet generated. Whenever the processor detects a trace fault at
- the same time that it detects a.non-trace fault, it sets the trace fault
pending flag then calls the fault handling procedure for the non-trace
fault. On return from the fault procedure for the non-trace fault, the
processor checks the trace fault pending flag. If set, it generates the trace

fault and handles it.

Tracing The ability of the processor to detect execution of certain instruction
types, such as branch, call and return. When tracing is enabled, the
processor generates a fault whenever it detects a trace event. A trace fault
handler can then be designed to call a debug monitor to provide
information on the trace event and its location in the instruction stream.

User Mode One of two execution modes — user and supervisor — that the processor
can be in. When the processor is in user mode, it uses the local stack and
is not allowed to use the modpc instruction or any other implementation-
deﬁned instruction that is designed to be used only in supervisor mode. '

Vector Number The number of an entry in the interrupt table where an interrupt vector is
" stored. The vector number also indicates the priority of the interrupt.

Vector See Interrupt Vector.

Glossary-8 I
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A

absolute
displacement 2-7
offset 2-7

AC register, see Arithmetic Controls (AC) register

access fault model 3-7

access faults 3-7

access types 3-6
restrictions 3-6

ADD 6-8

add
conditional instructions 6-8
integer instruction 6-12
ordinal instruction 6-12
ordinal with carry instruction 6-11

addc 6-11

addi 6-12

addie 6-8

addig 6-8

addige 6-8

addil 6-8

addile 6-8

addine 6-8

addino 6-8

addio 6-8

addo 6-12

addoe 6-8

addog 6-8

addoge 6-8

addol 6-8

addole 6-8

addone 6-8

addono 6-8

addoo 6-8

address space restrictions
data structure alignment A-3
instruction cache A-2
internal data RAM A-2
reserved memory A-2
stack frame alignment A-3

addressing registers and literals 3-4

aligment
literals 3-4

|

alignment
registers 3-4
alignment of registers and literals 3-4
alterbit 6-13
and 6-14
andnot 6-14
architecture reserved memory space 11-9
argument list 7-14
Arithmetic Controls (AC) register 3-17
condition code flags 3-18
initial image 11-18
initialization 3-18
integer overflow flag 3-20
no imprecise faults bit 3-20
arithmetic instructions 5-6
add, subtract, multiply or divide 5-7
extended-precision instructions 5-8
remainder and modulo instructions 5-8
shift and rotate instructions 5-9
arithmetic operations and data types 5-7
atadd 3-15, 6-15
atmod 3-8, 3-15, 6-16
atomic access 3-14
atomic add instruction 6-15
atomic instructions 5-17
Atomic instructions (LOCK signal) 15-30
atomic modify instruction 6-16
atomic operations 15-30

B

b 6-17

bal 6-18

balx 6-18

basic bus states 15-2
bbc 6-20

bbs 6-20

INDEX

BCON register, see Bus Control (BCON) register

BCU, see Bus Controller Unit
be 6-22

bg 6-22

bge 6-22

big endian 3-16
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big-endian byte order
selecting
little endian byte order
selecting 12-11
bit definition 1-8
bit ordering 2-4
bit, bit field and byte instructions 5-10
bit field instructions 5-11
bit instructions 5-10
byte instructions 5-11
bits and bit fields 2-3
bl 6-22
ble 6-22
bne 6-22
bno 6-22
bo 6-22
boundary conditions
internal memory locations 12-12 -
internal memory-mapped locations 12-7
LMT boundaries 12-13.
logical data template ranges 12-13
Boundary Scan :
test logic 17-2
Boundary Scan JTAG) 17-1
Boundary Scan Architecture 17-2
Boundary-Scan register 17-7
branch ~
and link extended instruction 6-18
and link instruction 6-18
check bit and branch if clear set instruction 6-20
check bit and branch if set instruction 6-20
conditional instructions 6-22
extended instruction 6-17
instruction 6-17
branch instructions 5-13
compare and branch instructions 5-15
conditional branch instructions 5-14
unconditional branch instructions 5-13
branch-and-link 7-1
returning from 7-22
branch-and-link instruction 7-1
coding calls 7-1
breakpoint
resource request message 10-7
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Breakpoint Control (BPCON) register 10-7, 10-8,
C-16
programming 10-8
breakpoints A-7
bswap 6-24
built-in self test 11-2
bus confidence self test 11-6
Bus Control (BCON) register 12-6, 12-7
Bus Control Unit (BCU) 15-22
changing byte order dynamically 12-13
selecting byte order 12-11
Bus Controller
boundary conditions 12-7
compared to previous 1960 processors 12-4
logical memory attributes 12-2
memory attributes 12-1
physical memory attributes 12-1, 12-4
Bus Controller Unit (BCU) 12-1
bus width 12-5
PMCON initialization 12-6
bus controller unit (BCU) 15-2
bus master
arbitration timing diagram 15-33
bus signal groups 15-4
bus snooping 4-5
bus states with arbitration 15-3
bus transactions
basic read 15-9
basic write 15-11
burst transactions 15-11
bus width 15-7
data width 15-7
bus width
programming with PMCON register 12-5
bx 6-17
byte order
changing dynamically 12-13
selecting 12-11
byte swap instruction 6-24

Cc

cache load-and-lock mechanism 4-5
caching of interrupt-handling procedure 13-23
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caching of local register sets 7-9
frame fills 7-9
frame spills 7-9
call
extended instruction 6-28
instruction 6-25
system instruction 6-26
call 6-25, 7-2, 7-7
call and return instructions 5-16
call and return mechanism 7-1, 7-2
explicit calls 7-1
implicit calls 7-1
local register cache 7-3
local registers 7-2
procedure stack 7-3
register and stack management 7-4
frame pointer 7-4
previous frame pointer 7-6
return type field 7-6
stack pointer 7-5
stack frame 7-2
call and return operations 7-6
call operation 7-7
return operation 7-8
calls 6-26, 7-2, 7-7
call-trace mode 10-3
callx 6-28, 7-2, 7-7
check bit instruction 6-30
chkbit 6-30
clear bit instruction 6-31
clock input (CLKIN) 11-33
cirbit 6-31
cmpdeci 6-32
cmpdeco 6-32
cmpi 5-11, 6-34
cmpib 5-11
cmpibe 6-36
cmpibg 6-36
cmpibge 6-36
cmpibl 6-36
cmpible 6-36
cmpibne 6-36
cmpibno 6-36
cmpibo 6-36

INDEX

cmpinci 6-33

cmpinco 6-33

cmpis 5-11

cmpo 5-11, 6-34

cmpobe 6-36

cmpobg 6-36

cmpobge 6-36

cmpobl 6-36

cmpoble 6-36

cmpobne 6-36

cold reset 11-3, 13-18

compare
and branch conditional instructions 6-36
and decrement integer instruction 6-32
and decrement ordinal instruction 6-32
and increment integer instruction 6-33
and increment ordinal instruction 6-33 -
integer conditional instruction 6-39
integer instruction 6-34
ordinal conditional instruction 6-39
ordinal instruction 6-34

comparison instructions 5-11
compare and conditional compare instructions

5-11
compare and increment or decrement instructions

5-12
test condition instructions 5-13

concmpi 6-39

concmpo 6-39

conditional fault instructions 5-17

control registers 3-1, 3-6
memory-mapped 3-5
overview 1-4

control table 3-1, 3-6, 3-12

Control Table Valid (CTV) bit 12-6

core architecture mechanisms A-1

D

Data Address Breakpoint (DAB) registers 10-9
programming 10-8

data alignment 2-4

data alignment in external memory 3-15

Index-3
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data cache
coherency
1/0 and bus masters 4-9
fill policy 1-2, 4-6, 4-7
overview 1-2
visibility 4-9
write policy 4-7
data cache control instruction 6-41
Data Cache Enable (DCEN) bit 12-12
data control peripheral units A-6
data movement instructions 5-3
load address instruction 5-6
load instructions 5-5
move instructions 5-6
Data Register
timing diagram 17-19
data structures
control table 3-1, 3-6, 3- 12
fault table 3-1, 3-12
initialization boot record 3-1, 3- 12
interrupt stack 3-1, 3-12
interrupt table 3-1, 3-12
literals 3-4
local stack 3-1
Process Control Block (PRCB) 3-1, 3-12
supervisor stack 3-1, 3-12
system procedure table 3-1, 3-12
user stack 3-12
data types
bits and bit fields 2-3
data alignment 2-4
integers 2-2
literals 2-4
ordinals 2-2
supported 2-1
triple and quad words 2-3
dectl 4-6, 4-9, 6-41
DCEN bit, see Data Cache Enable (DCEN) bit
debug
overview 10-1
debug instructions 5-17
decoupling capacitors 11-35
Default Logical Memory Configuration (DLMCON)
register 12-2

Index-4

design considerations

high frequency 11-36

interference 11-38

latchup 11-38

line termination 11-37
Device ID register 17-6
device ID Register 11-21
device ID register C-21
divi 6-47
divide integer instruction 6-47
divide ordinal instruction 6-47
divo 6-47
DLMCON registers

E
ediv 6-48
8-bit bus width byte enable encodings 15-8
8-bit wide data bus bursts 15-13
electromagnetic interference (EMI) 11-39
electrostatic interference (ESI) 11-39
emul 6-50
endianism

changing dynamically 12-13

selecting 12-11
eshro 6-51
explicit calls 7-1
extended addressing instructions 5-13
extended divide instruction 6-48
extended multiply instruction 6-50
extended shift right ordinal instruction 6-51
external bus

overview 1-4
external buses

data alignment 15-22
external interrupt pins (XINT7

0) 13-9
external memory requirements 3-14 -
external system requirements A-7
extract 6-52

F

FAIL# pin 11-6

fault conditional instructions 6-53
fault conditions 9-1
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fault handling
data structures 9-1
fault record 9-2, 9-6
fault table 9-2, 9-4
fault type and subtype numbers 9-2
fault types 9-4
local calls 9-2
multiple fault conditions 9-10
procedure invocation 9-6
return instruction pointer (RIP) 9-14
returning to an alternate point in the program 9-15
stack usage 9-6
supervisor stack 9-2
system procedure table 9-2
system-local calls 9-2
system-supervisor calls 9-2
user stack 9-2

fault record 9-6
address-of-faulting-instruction field 9-7
fault subtype field 9-7
fault type field 9-7
location 9-6, 9-9
structure 9-7

fault table 3-1, 3-12, 9-4
local-call entry 9-6
location 9-4
system-call entry 9-6

fault type and subtype numbers 9-2
fault types 9-4

faulte 6-53

faultg 6-53

faultge 6-53

faultl 6-53

faultle 6-53

faultne 6-53

fauitno 6-53

faulto 6-53

INDEX

faults A-6
access 3-7
ARITHMETIC.INTEGER_OVERFLOW 6-90
ARITHMETIC.OVERFLOW 6-8, 6-12, 6-47,

6-83, 6-101, 6-107, 6-112
ARITHMETIC.ZERO_DIVIDE 6-47, 6-48,

6-76, 6-90
CONSTRAINT.RANGE 6-53
imprecise 5-23
NIF bit 9-20
OPERATION.INVALID_OPERAND 6-45,

6-48, 6-57, 6-65, 6-67, 6-81, 6-107, 6-117
OPERATION.UNALIGNED 6-72, 6-107
OPERATION.UNIMPLEMENTED 6-92
overview 1-5
precision (syncf) 9-20
PROTECTION.LENGTH 6-27
TRACE.MARK 6-56, 6-74
TRACE.PRERETURN 6-92
TYPE.MISMATCH 6-45, 6-57, 6-65, 6-67,

6-68, 6-69, 6-78, 6-107, 6-117

field definition 1-8

flag definition 1-8

flush local registers instruction 6-55

flushreg 6-55

fmark 6-56

force mark instruction 6-56

FP, see Frame Pointer

frame fills 7-9

Frame Pointer (FP) 7-4
location 3-3

frame spills 7-9

G

global registers 3-1, 3-2
overview 1-7

H

halt 6-57, 16-1

halt CPU instruction 6-57

HALT mode
entering and exiting 16-1
operation 16-1
processor operation 16-1
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hardware breakpoint resources 10-5
requesting access privilege 10-6
HOLD/HOLDA protocol 15-32

|
IBR, see initialization boot record
icetl 1-2, 4-4, 4-5 :
IEEE Standard Test Access Port 17-2
IEEE Std. 1149.1 17-2
MI 11-1, 11-9 ,
implementation-specific features A-1
implicit calls 7-1, 9-2
imprecise faults 5-23
index with displacement 2-8
indivisible access 3-14
Initial Memory Image (IMI) 11-1
initial memory image (IMI) 11-9 -
initialization 11-1, 11-2

CLKIN 11-33

code example 11-23

hardware requirements 11-33

MON960 11-23

power and ground 11-34
initialization boot record 3-1, 3-12

Initialization Boot Record (IBR) 11-1, 11- 12 '

11-14
initialization mechanism A-5
initialization requirements
architecture reserved memory space 11-9
control table 11-20, C-19
data structures 11-10
Process Control Block 11-14
Instruction Breakpoint (IBP) registers 10-10
instruction breakpoint modes
programming 10-11
instruction cache 3-1, 3-16
coherency 4-5
configuration 3-16
enabling and disabling 11-18
locking instructions 4-5
overview 1-2, 4-4
visibility 4-5

Index-6

instruction formats 5-3

assembly language format 5-1

instruction encoding format 5-2
instruction optimizations 5-19
Instruction Pointer (IP) register 3-17
Instruction Register (IR) 17-2, 17-5

timing diagram 17-18
Instruction set )

atmod 3-8

syscti 3-8 -
instruction set

6-8

ADD 6-8

addc 6-11

addi 6-12

addie 6-8

addig 6-8

addige 6-8

addil 6-8

addile 6-8

addine 6-8

addino 6-8

addo 6-12

addoe 6-8

addog 6-8

addoge 6-8

addol 6-8

addole 6-8

addone 6-8

addono 6-8

addoo 6-8

alterbit 6-13

and 6-14

andnot 6-14

atadd 3-15, 6-15

atmod 3-15, 6-16

b 6-17

bal 6-18

balx 6-18

bbc 6-20 ~

bbs 6-20 -

be 6-22

bg 6-22

bge 6-22
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bl 6-22

ble 6-22

bne 6-22

bno 6-22

bo 6-22

bswap 6-24

bx 6-17

call 6-25, 7-2, 7-7
calls 6-26, 7-2, 7-7
calix 6-28, 7-2, 7-7
chkbit 6-30
clrbit 6-31
cmpdeci 6-32
cmpdeco 6-32
cmpi 5-11, 6-34
cmpib 5-11
cmpibe 6-36
cmpibg 6-36
cmpibge 6-36
cmpibl 6-36
cmpible 6-36
cmpibne 6-36
cmpibno 6-36
cmpibo 6-36
cmpinci 6-33
cmpinco 6-33
cmpis 5-11
cmpo 5-11, 6-34
cmpobe 6-36
cmpobg 6-36
cmpobge 6-36
cmpobl 6-36
cmpoble 6-36
cmpobne 6-36
concmpi 6-39
concmpo 6-39
dectl 4-6, 4-9, 6-41
divi 6-47

divo 6-47

ediv 6-48

emul 6-50

eshro 6-51
extract 6-52
faulte 6-53

INDEX

faultg 6-53
faultge 6-53

faultl 6-53

faultle 6-53
faultne 6-53
faultno 6-53
faulto 6-53
flushreg 6-55
fmark 6-56

halt 6-57, 16-1
icctl 1-2, 4-4, 4-5
implementation-specific instructions A-4
instruction timing A-4
intctl 6-66

intdis 6-68

inten 6-69

Id 2-2, 6-70

Ida 6-73

Idib 2-2, 6-70
Idis 2-2, 6-70

Idi 3-4, 6-70
Idob 2-3, 6-70
Idos 2-3, 6-70
Idgq 6-70

Idt 6-70

mark 6-74

modac 6-75

modi 6-76
modify 6-77
modpc 6-78, 10-3
modtc 6-79, 10-2
mov 6-80

movl 6-80

movq 6-80

movt 6-80

muli 6-83

mulo 6-83

nand 6-84

nor 6-85

not 6-86

notand 6-86
notbit 6-87

notor 6-88

or 6-89
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ornot 6-89
remi 6-90
remo 6-90

ret 6-91

rotate 6-94
scanbit 6-95
scanbyte 6-96
sele 5-6, 6-97
selg 5-6, 6-97
selge 5-6, 6-97
sell 5-6, 6-97
selle 5-6, 6-97
selne 5-6, 6-97
seino 5-6, 6-97
selo 5-6, 6-97
setbit 6-99

shli 6-100
shio 6-100
shrdi 6-100
shri 6-100
shro 6-100
spanbit 6-103
st 2-2, 6-104
stib 2-2, 6-104
stis 2-2, 6-104
stl 6-104

stob 2-3, 6-104
stos 2-3

stq 6-104

stt 6-104

subc 6-108
subi 6-112
subie 6-109
subig 6-109
subige 6-109
subil 6-109
subile 6-109
subine 6-109
subino 6-109
subio 6-109
subo 6-112
suboe 6-109
subog 6-109
suboge 6-109

Index-8

subol 6-109
subole 6-109
subone 6-109
subono 6-109
suboo 6-109
syncf 6-113, 9-20
sysctl 1-2, 4-4, 4-5, 6-114, 10-6
teste 6-118
testg 6-118
testge 6-118
testl 6-118
testle 6-118
testne 6-118
testno 6-118
testo 6-118
xnor 6-120
xor 6-120
instruction set functional groups 5-3
Instruction Trace Event 6-5
instruction-trace mode 10-3
intctl 6-66
intdis 6-68
integer flow masking 5-22
integers 2-2
data truncation 2-2
sign extension 2-2
inten 6-69
internal data RAM 4-1
modification 4-1
overview 1-2
size 4-1

internal self test program 11-6

_ interrupt

timer 13-2
Interrupt Control (ICON) register 1-3
memory-mapped addresses 13-12
interrupt controller 13-1
configuration 13-20
interrupt pins 13-9
overview 13-1
program interface 13-1
programmer interface 13-11
setup 13-20
Interrupt Controller Unit (ICU) 1-3
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interrupt handling procedures 8-6
AC and PC registers 8-6
address space 8-7
global registers 8-7
instruction cache 8-7
interrupt stack 8-6
local registers 8-6
location 8-6
supervisor mode 8-6
Interrupt Map Control (IMAPO-IMAP2) registers
1-3 <
Interrupt Mapping (IMAPO-IMAP2) registers 13-14
interrupt mask
saving 13-8
Interrupt Mask (IMSK) and Pending (IPND)
registers 13-16
Interrupt Mask (IMSK) register 1-3, 13-16, 13-17,
C-13 _ .
Interrupt Pending (IPND) register 1-3, 13-16
interrupt performance ‘
caching of interrupt-handling 13-23
interrupt stack 13-24
local register cache 13-23
interrupt pins
dedicated mode 13-2
expanded mode 13-2
mixed mode 13-2
interrupt posting 8-1 .
interrupt procedure pointer 8-5
interrupt record 8-5
location 8-5 .
interrupt request management 13-2
interrupt sequencing of operations 13-19
interrupt servicing mechanism A-5
interrupt stack 3-1, 3-12, 8-5, 13-24
structure 8-5
interrupt table 3-1, 3-12, 8-3
alignment 8-3
location 8-3
pending interrupts 8-5
vector entries 8-4

INDEX

interrupts

dedicated mode 13-5

dedicated mode posting 13-5

expanded mode 13-6

function 8-1

global disable instruction 6-68

global enable and disable instruction 6-66

global enable instruction 6-69

internal RAM 13-22

interrupt context switch 8-7

interrupt handling procedures 8-6

interrupt record 8-5

interrupt stack 8-5

interrupt table 8-3

masking hardware interrupts 13-9

mixed mode 13-8

Non-Maskable Interrupt (NMT) 13-2

overview 8-1

physical characteristics 13-9

posting 8-1

priority handling 13-3

priority-31 interrupts 8-3, 13-9

programmable options 13-10

restoring r3 13-9

servicing 8-3

sysctl 13-3

vector caching 13-22 .
IP register, see Instruction Pointer (IP) register
IP with displacement 2-8

L

Id 2-2, 6-70

Ida 6-73

ldib 2-2, 6-70

1dis 2-2

Idis 2-2, 6-70

Idi 3-4, 6-70

Idob 2-3, 6-70

Idos 2-3, 6-70

ldq 6-70

1dt 6-70

leaf procedures 7-1, Glossary-3
literal addressing and alignment 3-5

Index-9




INDEX

literals 2-4, 3-1, 3-4
addressing 3-4
little endian byte order 3-16
LMADR register
LMCON registers
load address instruction 6-73
load instructions 5-5, 6-70 -
load-and-lock 4-5
local calls 7-2, 7-15, 9-2
call 7-2
callx 7-2
local register cache 7-3
overview 1-3, 4-2
local registers 3-1, 7-2
allocation 3-3, 7-2.
management 3-3
overview 1-7
usage 7-2
local stack 3-1
.LOCK pin A-7
logical data templates
effective range 12-10
logical instructions 5-10
Logical Memory Address (LMADR) register 12-2
Logical Memory Address (LMADR) registers
programming 12-8
Logical Memory Configuration (LMCON) registers
12-2 o
Logical Memory Mask (LMMR) registers
programming 12-8
Logical Memory Templates (LMTs)
accesses across boundaries 12-13
boundary conditions 12-12
enabling 12-12
enabling and disabling data caching 12-12
modifying 12-13
overlapping ranges 12-13
values after reset 12-12

M
mark 6-74
Mark Trace Event 6-5

Index-10

- .
intgl.
memory address space 3-1 -

external memory requirements 3-14
atomic access 3-14
big endian byte order 3-16
data alignment 3-15 .
data block sizes 3-16
data block storage 3-16
indivisible access 3-14
instruction alignment in external memory
3-15
" little endian byte order 3-16
~ reserved memory 3-14
location 3-13
management 3-13
memory addressing modes
absolute 2-7
examples 2-8
index with displacement 2-8
IP with displacement 2-8
register indirect 2-7
memory-mapped control registers 3-5
Memory-Mapped Registers (MMR) 3-6
MMR, see Memory-Mapped Registérs (MMR)
modac 6-75 7
modi 6-76
modify 6-77
modify arithmetic controls instruction 6-75
modify process controls instruction 6-78
modify trace controls instruction 6-79, 10-2
modpc 6-78, 10-3 -
modtc 6-79, 10-2
modulo integer instruction 6 76
mov 6-80
move instructions 6-80
movl 6-80
movq 6-80
movt 6-80
muli 6-83
mulo 6-83
multiple fault conditions 9-10
multiply integer instruction 6-83
multiply ordinal instruction 6-83
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N

nand 6-84

No Imprecise Faults (AC.nif) bit 9-15, 9-20
Non-Maskable Interrupt (NMI) 13-2
Non-Maskable Interrupt (NMI) pin 13-9
nor 6-85

not 6-86

notand 6-86

notbit 6-87

notor 6-88

(o)
On-Circuit Emulation (ONCE) mode 11-1, 17-1
or 6-89
ordinals 2-2
sign and sign extension 2-3
sizes 2-2
ornot 6-89
output pins 11-35

P

parameter passing 7-13

argument list 7-14

by reference 7-14

by value 7-14
PC register, see Process Controls (PC) register
pending interrupts 8-5

encoding 8-5

interrupt procedure pointer 8-5

pending priorities field 8-5
performance optimization 5-19
PFP, see Previous Frame Pointer (PFP)
Physical Memory Configuration (PMCON) registers

12-1

application modification 12-8

initial values 12-6
PMCON registers
power and ground planes 11-34
powerup/reset initialization

timer powerup 14-10
PRCB, see Processor Control Block (PRCB)
prereturn-trace mode 10-4

INDEX

location 3-3
0 7-20 ,
priority-31 interrupts 8-3, 13-9 ;
procedure calls ‘
branch-and-link 7-1
call and return mechanism 7-1
leaf procedures 7-1, Glossary-3
procedure stack 7-3
growth 7-3
Process Control Block (PRCB) 3-1, 3-12, 11-1,
11-14
configuration 11-15
register cache configuration word 11-18
Process Controls (PC) register 3-20
execution mode flag 3-20
initialization 3-22 ‘
modification 3-21 \
modpc 3-21° ‘
priority field 3-21 ‘
processor state flag 3-21 \
trace enable bit 3-21 ?
trace fault pending flag 3-21 \‘
\

!
|
]
|
Previous Frame Pointer (PFP) 7-4, 7-6 \J
|

processor initialization 11-1
processor management instructions 5-18
processor state registers 3-1, 3-17
Arithmetic Controls (AC) register 3-17
Instruction Pointer (IP) register 3-17
Process Controls (PC) register 3-20 |
Trace Controls (TC) register 3-22 ‘
programming
logical memory attributes 12-12

10 Previous Frame Pointer (PFP) 7-20
region boundaries

bus transactions across 12-7
register access 13-18
register addressing and alignment 3-5
register cache 3-1

Index-11



INDEX

register indirect 2-7
register-indirect-with-displacement 2-7
register-indirect-with-index 2-7
register-indirect-with-index-and-displacement 2-8
register-indirect-with-offset 2-7

register scoreboarding 3-4
example 3-4

registers
addressing 3-4
Boundary-Scan 17-7
Breakpoint Control (BPCON) 10-7
Bus Control (BCON) 12-7
control 3-6

memory-mapped 3-5
device ID 11-21, C-21
Instruction 17-5
Interrupt Control (ICON) 1-3, 13-12
Interrupt Map Control (IMAPO-IMAP2) 1-3 |
Interrupt Mapping IMAPO-IMAP2) 13-14 .
Interrupt Mask (IMSK) 1-3, 13-16
Interrupt Pending (IPND) 1-3, 13-16, C-12
Logical Memory Templates (LMTs) 12-12
naming conventions 1-7
TCR 14-6

remainder integer instruction 6-90

remainder ordinal instruction 6-90

remi 6-90

remo 6-90

reserved locations A-4

reserved memory 1-6 .

reserving frames in the local reglster cache 13 23

reset operation
register values 11-5

reset state 11-3

ret 6-91

Return Instruction Pointer (RIP) 7- 4
location 3-3 :

return operation 7-8

return type field 7-6

RIP, see Return Instruction Pointer (RIP)

rotate 6-94

Run Built-In Self-Test (RUNBIST) register 17-7

Index-12

S
SALIGN A-3
saving the interrupt mask 13-8
scanbit 6-95
scanbyte 6-96
scoreboarding, see register scoreboardlng
sele 5-6, 6-97
Select Based on Equal 5-6
Select Based on Less or Equal 5-6
Select Based on Not Equal 5-6
Select Based on Ordered 5-6
Select Based on Unordered 5-6
select instructions 6-97
self test (STEST) pin 11-6
selg 5-6, 6-97
selge 5-6, 6-97
sell 5-6, 6-97
selle 5-6, 6-97
selne 5-6, 6-97
selno 5-6, 6-97
selo 5-6, 6-97
setbit 6-99
shift instructions 6-100
shli 6-100
shlo 6-100
shrdi 6-100
shri 6-100
shro 6-100
single processor as bus master 15-32 _‘
16-bit bus width byte enable encodings 15-8
16-bit wide data bus bursts 15-12
SP, see Stack Pointer
spanbit 6-103
SRC/DEST parameter encodings 10-7
st 2-2, 6-104
stack frame
allocation 7-2
Stack Pointer (SP) 7-4, 7-5
location 3-3
STEST 11-6
stib 2-2, 6-104
stis 2-2, 6-104
stl 6-104
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stob 2-3, 6-104
store instructions 5-5, 6-104
stos 2-3
stq 6-104
stt 6-104
subc 6-108
subi 6-112
subie 6-109
subig 6-109
subige 6-109
subil 6-109
subile 6-109
subine 6-109
subino 6-109
subio 6-109
subo 6-112
suboe 6-109
subog 6-109
suboge 6-109
subol 6-109
subole 6-109
subone 6-109
subono 6-109
suboo 6-109
subtract
conditional instructions 6-109
integer instruction 6-112
ordinal instruction 6-112
ordinal with carry instruction 6-108
supervisor calls 7-2
supervisor mode resources 3-22
supervisor space family registers and tables 3-9
supervisor stack 3-1, 3-12
supervisor-trace mode 10-3
syncf 6-113, 9-20
synchronize faults instruction 6-113
sysctl 1-2, 3-8, 4-4, 4-5, 6-114, 10-6
system calls 7-2, 7-16
calls 7-2
system-local 7-2, 9-2
system-supervisor 7-2, 9-2
system control instruction 6-114
system procedure table 3-1, 3-12

INDEX

T

Test Access Port (TAP) controller 17-2
architecture 17-3
Asynchronous Reset Input (TRST) pin 17-5
block diagram 17-3
Serial Test Data Output (TDO) pin 17-5
state diagram 17-4
Test Clock (TCK) pin 17-5
Test Mode Select (TMS) pin 17-5
test features 17-2
test instructions 6-118
Test Mode Select (TMS) line 17-2
teste 6-118
testg 6-118
testge 6-118
testl 6-118
testle 6-118
testne 6-118
testno 6-118
testo 6-118
32-bit bus width byte enable encodings 15-8
32-bit wide data bus bursts 15-12
three-state output pins 11-35
Timer Count Register (TCR) 14-6
timer interrupt 13-2
timer memory-mapped addresses 14-2
Timer Mode Register
timer mode control bit summary 14-5
Timer Mode Register (TMR)
terminal count 14-3
timer clock encodings 14-6
timer units
HALT mode operation 16-2
timers
overview 1-4
Trace Controls (TC) register 3-22, 10-2
trace events 10-1
hardware breakpoint registers 10-1
mark and fmark 10-1
PC and TC registers 10-1
trace-fault-pending flag 10-3
TTL input pins 11-36
two-word burst write transaction 15-14
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u
user space family registers and tables 3-11
user stack 3-12 o
user supervisor protection model 3-22
supervisor mode resources 3-22
usage 3-23

Vv

vector entries 8-4
structure 8-5

w

warm reset 11-3, 13-18
words
triple and quad 2-3

X
xnor 6-120
xor 6-120
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Suite 400

$chaumburg 60173

Tel: (800) 628-8686

FAX: (708) 706-9762

INDIANA

tintel Corp.

8910 Purdue Road
Suite 350
Indianapolis 46268
Tel: (800) 628-8686
FAX: (317) 875-8938

MARYLAND

*tintel Corp.

10010 Junmlon Dr.

Suite

Annapolls Junction 20701
Tel: (800) 628-8686

FAX: (410) 206-3678

MASSACHUSETTS

*tIntel Corp.

Westford Corp. Center
5 Carlisle Road

2nd Floor

_Iv_\lesiford 01886

FAX: (508) 692 7867
MICHIGAN

it

g071 Orchard Lake Road
uite

West Bloomﬁeld 48322

Tel: (800) 628-8686

FAX: (313) 851-8770

MINNESOTA

tintel Corp.

3500 W. 80th St.
Suite 360
Bloomington 55431
Tel: (800) 628-8686
TWX: 910-576-2867
FAX: (612) 831-6497

NEW JERSEY

Intel Corp.

2001 Route 46, Suite 310
Parsippany 07054-1315
Tel: (800) 628-8686

FAX: (201) 402-4893

*tIntel Corp.

Lincroft Office Center
125 Half Mlle Road
Red Bank

Tel: (800) SZB BBBG
FAX: (908) 747-0983

NEW YORK

*Intel Corp.
850 Crosskeys Office Park

Fai
Talr (300) 58608
TWX: 510-253-7391
FAX: (716) 223-2561

tintel Corp.

300 Westage Business Center
Suite 230

Fishkill 12524

Tel: (800) 628-8686

FAX: (914) 897-3125

*tintel Corp.

2950 Express Dr, South

Suite 130

Islandia 11722

Tel: (300) 628-8686
TWX: 510-227-6236

FAX: (516) 348-7939

OHIO

*Intel Corp.

56 Milford Dr., Suite 205
Hudson 44236

Tel: (800) 628-8686
FAX: (216) 528-1026

*fintel Corp.

3401 Park Center Drive

Suite 220

Dayton 45414

Tel: (soo) 628-8686
50-2528

FAX: (51 3) 890-8658

OKLAHOMA

Intel Corg

6801 N. Broadway
Suite 115

Oklahoma City 73162
Tel: (800) 628-8686
FAX: (405) 840-9819

OREGON

Tintel Cow

15254 Greenbrier Pkwy.
Building B

Beaverton 97006

Tel: (800) 628-8686

TWX: 910-467-8741

FAX: (503) 645-8181

PENNSYLVANIA

*tintel Corp.
925 Harvest Drive
Sune 00

Tel: (800) 628 8686
FAX: (215) 641-0785

SOUTH CAROLINA

Intel Corp.

7403 Parklane Rd., Suite 3
Columbia 29223

Tel: (800) 628-8686

FAX: (803) 788-7999

Intel Corp.
100 Execunve Center Drive

FAX: (803) 297-3401

TEXAS

tintel Corp.

8911 N. Capltal of Texas Hwy.
Suite 423

Austin 78759

Tel: (800) 628-8686

FAX: (512) 338-9335

NORTH AMERICAN SALES OFFICES

*tintel Corp.

5000 Quorum Drive
Suite 750

Dallas 7!

Tel: (300) sza 8686

*tIntel Corp.

20515 SH 249

Suite 401

Houston 77070

Tel: (800) 628-8686
TWX: 910-881-2490
FAX: (713) 988-3660

UTAH

tintel Corp.

428 East 6400 South
Suite 135

Murray 84107

Tel: (800) 628-8686
FAX: (801) 268-1457

WASHINGTON
tintel Cor

2800 ISGth Avenue S E.

Suite 105

Bellevue 98007

Tel: (800) 628-8686
FAX: (206) 746-4495

WISCONSIN

intel Corp.

400 N. Executive Dr.
Suite 401

Brookfield 53005
Tel: (800) 628-8686
FAX: (414) 789-2746

CANADA

BRITISH COLUMBIA
Intel Semucondumor of

nada,
999 Canada Place
Suite 404, #11
Vancouver V6C 3E2
Tel: (800) 628-8686
FAX: (604) 844-2813

ONTARIO

tIntel Semiconductor of
Canada, Ltd.

2650 Queensview Drive
Suite 250

Ottawa K2B 8H6

Tel: (800) 628-8686
FAX: (613) 820-5936

tintel Semiconductor of
Canada, Ltd.

190 Attwell Drive

Suite 500

Rexdale MOW 6H8

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

QUEBEC

tintel Semiconductor of
Canada, Ltd.

1 Rue Holiday

Suite 320

Tour East

Pt. Claire HO9R 5N3

Tel: (800) 628-8686
FAX: 514-694-0064
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ALABAMA

NORTH AMERICAN DISTRIBUTORS

Arrow/Schweber Electronics
26707 W. Agoura Road
91302

El
1015 Henderson Road
Huntsville 35806
Tel: (205) 837-6955
FAX: (205) 721-1581

Hamilton Hallmark

4890 University Square, #1
Huntsville 35816

Tel: (205) 837-8700

FAX: (205) 830-2565

MTI Sémsms

4950 Corporate Dr., #120
Huntsville 35805

Tel: (205) 830-9526

FAX: (205) 830-9557

Pioneer Technologies Group
4835 University Square, #5
Huntsville 35805

Tel: (205) 837-9300

FAX: (205) 837-9358

Wyle Laboratories

7800 Governers Drive
Tower Building, 2nd Floor
Huntsville 35806

Tel: (205) 830-1119

FAX: (205) 830-1520

ARIZONA

Anthem Electronics

1555 W. 10th Place, #101
Tempe 85281

Tel: (602) 966-6600

FAX: (602) 966-4826

Arrow/Schweber Electronics
2415 W. Erie Drive

Tempe 85282

Tel: (602) 431-0030

FAX: (602) 252-9109

Avnet Computer

1626 S. Edwards Drive
Tempe 85281

Tel: (602) 902-4600
FAX: (602) 902-4640
Hamilton Hallmark
463

Phoenix 85040
Tel: (602) 437-1200
FAX: (602) 437-2348

Wyle Laboratories
4141 E. Raymond
Phoenix 85040

Tel: (602) 437-2088
FAX: (602) 437-2124

CALIFORNIA

Anthem Electronics
9131 Oakdale Ave.
Chatsworth 91311
Tel: (818) 775-1333
FAX: (818) 775-1302

Anthem Electronics
1 Oldfield Drive
Irvine 92718-2809
Tel: (714) 768-4444
FAX: (714) 768-6456

Anthem Electronics
580 Menlo Drive, #8
Rocklin 95677

Tel: (916) 624-9744
FAX: (916) 624-9750
Anthem Electronics
9369 Carroll Park Drive
San Dlego 92121

Tel: (619) 453-9005
FAX: (619) 546-7893

Anthem Electronics
1160 Ridder Park Drive
San Jose 95131

Tel: (408) 4522219
FAX: (408) 441-4504

Arrow Commercial Systems Group
1502 Crocker Avenue

Hayward 94544

Tel: (510) 489-5371

FAX: (510) 489-9393

Arrow Commercial Systems Group
14242 Chambers Road

Tustin 92680

Tel: (714) 544-0200

FAX: (714) 731-8438

C
Tel: (818) 880-9686
FAX: (818) 772-8930

Arrow/Schweber Electronics
48834 Kato Road, Suite 103
Fremont 94538

Tel: (510) 490-9477

Arrow/Schwebev Electronics
6 Cromwell #100

Irvine 92718

Tel: (714) 838-5422

FAX: (714) 454-4206

Arrow/Schweber Electronics
9511 Ridgehaven Court

San Diego 92123

Tel: (619) 565-4800

FAX: (619) 279-8062

Arrow/Schweber Electronics

Tel: (408) 441-9700
FAX: (408) 453-4810

Avnet Computer
3170 Puﬂman Street
Costa Mesa

Tel: (714) 641-4150
FAX: (714) 641-4170

Avnet Computer

1361B West 190th Street
Gardena 90248

Tel: (800) 426-7999
FAX: (310) 327-5389

‘Avnet Computer

755 Sunrise Boulevard, #1 50
Roseville 95661

Tel: (916) 781-2521

FAX: (916) 781-3819

Avnet Computer

1175 Bordeaux Drive, #A
Sunnyvale 94089

Tel: (408) 743-3454

FAX: (408) 743-3348

Avnet Computer
21150 Califa Street
Woodland Hills 91376
Tel: (818) 594-8301
FAX: (818) 594-8333

Hamilton Hallmark
3170 Pullman Street
Costa Mesa

Tel: (714) 641-4100

FAX: (714) 641-4122
Hamilton Hallmark

1175 Bordeaux Drive, #A
Sunnyvale 94089

Tel: (408) 435-3500
FAX: (408) 745-6679
Hamilton Hallmark
4545 Vlewndge Avenue
San Diego 9:

ieg
Tel: (619) 71 5040
FAX: (619) 277-6136

Hamilton Hallmark
21150 Califa St.
Woodland Hills 91367
Tel: (818) 594

FAX: (818) 594-8234

Hamilton Hallmark
580 Menlo Drive, #2
Rocklin 95762

Tel: (916) 624-9781
FAX: (916) 961-0922

Pioneer Standard

5850 Canoga Blvd., #400
Woodland Hills 91367
Tel: (818) 883-4640

Pioneer Standard

217 Technology Dr., #110
Irvine

Tel: (714) 753 5090

Pioneer Technologies Group
134 Rio Robles

San Jose 95134

Tel: (408) 954-9100

FAX: (408) 954-9113

Wyle Laboratories
15370 Barranca Pkwy.
Irvine 92713
Tel:.(714) 753-9953
FAX: (714).753-9877

Wyle Laboratories

15360 Barranca Pkwy., #200
Irvine 92713

Tel: (714) 753-9953

FAX: (714) 753-9877

Wyle Laboratories

2951 Sunrise Bivd., #175
Rancho Cordova 95742
Tel: (916) 638-5282

FAX: (916).638-1491

Wyle Laboratories

9525 Chesapeake Drive
San Diego 92123

Tel: (619) 565-9171
FAX: (619) 365-0512

Wyle Laboratories
3000 Bowers Avenue
Santa Clara 95051
Tel (408) 727-2500

: (408) 727-5896

Wyle Laboratories
17872 Cowan Avenue
Irvine 92714

Tel: (714) 863-9953
FAX: (714) 263-0473

Wyle Laboratories
26010 Mureau Road, #150
91302

Cal
Tel (818) 880-9000
(818) 880-5510

Zeus Arrow Electronics
6276 San Ignacio Ave., #E
San Jose 95119

Tel: (408) 629-4789

FAX: (408) 629-4792

Zeus Arrow Electronics

FAX (714) 921 -2715

COLORADO

Anthem Electronics

373 Inverness Drive South
Englewood 80112

Tel: (303) 790-4500

FAX: (303) 790-4532

Arrow/Schweber Electronics

61 Inverness Dr. East, #105
lewood 601 12

Tel (303) 799-0258

FAX: (303) 373 5760

Hamilton Hallmark

12503 E. Euclid Drive, #20
Englewood 80111

Tel: (303) 790-1662

FAX: (303) 790-4991

Hamilton Hallmark
710 Wooten Road, #102
Coloradg Ssgvlngs 80915

55
FAX: (719) 637-0088

Wyle Laboratories
451 E. 124th Avenue
Thornton 80241

Tel: (303) 457-9953
FAX: (303) 457-4831

CONNECTICUT

Anthem Electronics

61 Mattatuck Heights Road
Water urg 06
(203) 575-1575
AX (203) 596-3232

Arrow/Schweber Electronics
12 Beaumont Road
Wallingford 06492

Tel: (203) 265-7741

FAX: (203) 265-7988

Avnet Computer

55 Federal Road, #103
Danbury 06810

Tel: (203) 797-2880
FAX: (203) 791-9050

Hamilton Hallmark

125 Commerce Court, Unit 6
Cheshire 06410

Tel: (203) 271-2844

FAX: (203) 272-1704

Pioneer Standard
2 Trap Falls Road

Shelton 06484
Tel: (203) 929-5600
FLORIDA
Anthem Electron
598 South Northlake Blvd #1024
Altamonte Spnngo
Tel (B
AX: (81 3) 796-4880

Arro

Arrow/Schweber Electronics
4250 E. Rivergreen Pkwy., #E
Duluth 30136

Tel: (404) 497-1300

FAX: (404) 476-1493

Avnet Computer

3425 Corporate Way, #G
Duluth 30136

Tel: (404) 623-5452

FAX: (404) 476-0125

Hamilton Hallmark

3425 Corporate Way, #G & #A
Duluth 30136

Tel: (404) 623-5475

FAX: (404) 623-5490

Pioneer Technologies Group
4250 C. Rivergreen Parkway
Duluth 30136

Tel: (404) 623-1003

FAX: (404) 623-0665

Wyle Laboratories

El
400 Fairway Dvive, #102
Deerfield Beach
Tel: (305) 429- 82 0
FAX: (305) 428-3991

Arrow/Schweber Electronics
37 Sk&nne Drive, #3101
Lake Mary 32746

Tel: (407) 333-9300

FAX: (407) 333-9320

Avnet Computer

3343 W. Commercial Boulevard
idg. C/D, Suite 107
t. Lauderdale 33309

Tel: (305) 730-9110

FAX: (305) 730-0368

Avnet Computer

3247 Tech Drive North
St. Petersburg 33716
Tel: (813) 573-5524
FAX: (813) 572-4324

Hamilton Hallmark

3350 N.W. 53rd St., #105-107
Ft. Lauderdale 33309

Tel: (305) 484-5482

FAX: (305) 484-2995

Hamilton Hallmark
10491 72nd St. North
Largo 34647

Tel: (813) 541-7440
FAX: (813) 544-4394

Hamilton Hallmark
7079 Uruversnly ‘Boulevard
Winter Park 32792
Tel ( 07) 657 3300
AX: (407) 678-4414

Pioneer Technologies Group
337 Northlake Bivd., #1000
Alta Monte Springs 32701
Tel: (407) 834-9090

FAX: (407) 834-0865

Pioneer Technologles Group
674 S. Military T

Deerfield Beach 33442

Tel: (305) 428-8877

FAX: (305) 481-2950

Pioneer Technalogies Group
8031-2 Phillips Highway
Jacksonville 32256 . .
Tel: (904) 730-0065

Wyle Laboratories
1000 112 Circle North
St. Petersburg 33716
Tel: (813) 530-3400
FAX: (813) 579-1518

GEORGIA

Arrow Commercial Systems Group
3400 C. Corporate Way

Duiuth 30136

Tel: (404) 623-8825

FAX: (404) 623-8802

6025 The Corners Pkwy., #111
30092

Tel: (404) 441.9045
FAX: (404) 441-9086

ILLINOIS

Anthem Electronics

1300 Remnngton Road Suite A
Schaumberg 6017

Tel: (708) 884- ozoa

FAX: (708) 885-0480

Arrow/Schweber Electronics
1140 W. Thorndale Rd.

Itasca 60143 -
Tol: (708) 250-0500

Avnet Computer .

1124 Thorndale Avenue
Bensenville 60106

Tel: (708) 860-8572
FAX: (708) 773-7976

Hamilton Hallmark .
1130 Thorndale Avenue
Bensenville 60106

Tel: (708) 860-7780
FAX: (708) 860-8530

MTI Systems

1140 W. Thorndale Avenue
Itasca 60143

Tel: (708) 250-8222

FAX: (708) 250-8275

Pioneer Standard

2171 Executive Dr., #200
Addison 60101

Tel: (708) 495-9680

FAX: (708) 495-9831

Wyle Laboratories

2055 Army Trail Road, #140
Addison 60101

Tel: (800) 853-9953

FAX: (708) 620-1610

INDIANA

Arrow/Schweber Electronics
7108 Lakeview Parkway West Dr.
Indianapolis 46268

Tel: (317) 299-2071

FAX: (317) 299-2379

Avnet Computer
485 Gradie Drive
Carmel 46032

Tel: (317) 575-8029
FAX: (317) 844-4964

Hamilton Hallmark

4275 W. 96th
Indlanapolls4 268
Tel: (317) 872-8875

FAX: (317) 876-7165

Pioneer Standard

9350 Priority Way West Dr.
Indianapolis 46250

Tel: (317) 573-0880

FAX: (317) 573-0979

CG/SALE/111293
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KANSAS

Arrow/Schweber Electronics
9801 Legler Road

Lenexa 66219

Tel: (913) 541-9542

FAX: (913) 541-0328

Avnet Computer
15313 W. 95th Street
Lenexa 61219
Tel: (913) 541-7989
FAX: (913) 541-7904

Hamilton Hallmark
10809 Lakewew Avenue
Lenexa 66:

Tel: (913) aee 4747
FAX: (913) 888-0523

KENTUCKY

Hamilton Hallmark
1847 Mercer Road, #G
Lexington 40511

Tel: (800) 235-6039
FAX: (606) 288-4936

MARYLAND

Anthem Electronics

7168A Columbia Gateway Drive
Columbia 21046

Tel: (410) 995-6640

FAX: (410) 290-9862

Arrow Commercial Systems Group
200 Perry Parkway

Gaithersburg 20877

Tel: (301) 670-1600

FAX: (301) 670-0188

Arrow/Schweber Electronics
9800J Patuxent Woods Dr.
Columbia 21046

Tel: (301) 596-7800

FAX: (301) 995-6201

Avnet Computer

7172 Columbia Gateway Dr., #G
Columbia 21045

Tel: (301) 995-3571

FAX: (301) 995-3515

Hamilton Hallmark

10240 Old Columbia Road
Columbia 21046

Tel: (410) 988-9800

FAX: (410) 381-2036

North Atlantic Industries
Systems Division
7125 River Wood Dr.
Columbia 21046

Tel: (301) 312-5800
FAX: (301) 312-5850

Pioneer Technologies Group
15810 Gaither Road
Gaithersburg 20877

Tel: (301) 921-0660

FAX: (301) 670-6746

Wyle Laboratories

7180 Columbia Gateway Dr.
Columbia 21046

Tel: (410) 312-4844

FAX: (410) 312-4953

MASSACHUSETTS

Anthem Electronics
36 Jonspin Road
Wilmington 01887
Tel: (508) 657-5170
FAX: (508) 657-6008

Arrow/Schweber Electronics
25 Upton Dr.

Wnlmmgton 01887

Tel: (¢ 658-

FAX (sos) 694-1754

Avnet Computer
10 D Centennial Drive

Peabody 01960
Tel: (508) 532-9886
FAX: (508) 532-9660

NORTH AMERICAN DISTRIBUTORS (Contd.)

Hamilton Hallmark
100 Cenlenmal Drive

430
FAX: (508) 532-9802

Pioneer Standard

44 Hartwell Avenue
Lexington 02173
Tel: (617) 861-9200
FAX: (617) 863-1547

Wyle Laboratories
15 Third Avenue
Burlington 01803
Tel: (617) 272-7300
FAX: (617) 272-6809

MICHIGAN

Arrow/Schweber Electronics
19880 Haggerty Road
Livonia 48152

Tel: (800) 231-7902

FAX: (313) 462-2686

Avnet Computer

2876 28th Street, S.W., #5
Grandbville 49418

Tel: (616) 531-9607

FAX: (616) 531-0059

Avnet Computer

41650 Garden Brook Rd. #120
Novi 48375

Tel: (313) 347-1820

FAX: (313) 347-4067

Hamilton Hallmark

44191 Plymouth Oaks Bivd., #1300
Plymouth 48170

Tel: (313) 416-5800

FAX: (313) 416-5811

Hamilton Hallmark

41650 Garden Brook Rd., #100
Novi 49418

Tel: (313) 347-4271

FAX: (313) 347-4021

Pioneer Standard
4505 Broadmoor S.E.
Grand Rapids 49512
Tel: (616) 698-1800
FAX: (616) 698-1831

Pioneer Standard

13485 Stamford

Livonia 48150

Tel: (313) 525-1800
FAX: (313) 427-3720

MINNESOTA

Anthem Electronics

7646 Golden Triangle Drive
Eden Prairie 55344

Tel: (612) 944-5454

FAX: (612) 944-3045

Arrow/Schweber Electronics
10100 Viking Drive, #100
Eden Prairie 55344

Tel: (612) 941-5280

FAX: (612) 942-7803

Avnet Computer
10000 West 76th Street

FAX: (612) 944-2781

Hamilton Hallmark

9401 James Ave South, #140
Bloomington 55431

Tel: (612) 881-2600

FAX: (612) 881-9461

Pioneer Standard

7625 Golden Triange Dr., #G
Eden Prairie 55344

Tel: (612) 944-3355

FAX: (612) 944-3794

Wyle Laboratories
1325 E. 79th Street, #1
Bloomington 55425
Tel: (612) 853-2280
FAX: (612) 853-2298

MISSOURI

Arrow/Schweber Electromcs
2380 Schuetz R

St. Louis 63141

Tel: (314) 567-6888

FAX: (314) 567-1164

Avnet Computer
741 Goddard Avenue

FAX: (314) 537-4248

Hamilton Halimark
3783 Rider Trail South
Earth City 63045

Tel: (315{ 291-5350
FAX: (314) 291-0362

NEW HAMPSHIRE

Avnet Computer

2 Executive Park Drive
Bedford 03102

Tel: (800) 442-8638
FAX: (603) 624-2402

NEW JERSEY

Anthem Electronics

26 Chapin Road, Unit K
Pine Brook 07058

Tel: (201) 227-7960
FAX: (201) 227-9246

Arrow/Schweber Electronics
4 East Stow Rd., Unit 11
Marlton 08053

Tel: (609) 596-8000

FAX: (609) 596-9632

Arrow/Schweber Electronics
43 Route 46 East

Pine Brook 07058

Tel: (201) 227-7880

FAX: (201) 538-4962

Avnet Computer
1-B Keystone Ave., Bldg. 36
Cherry Hill 08003
Tel: (609) 424-8961
FAX: (609) 751-2502

Hamilton Hallmark

1 Keystone Ave., Bldg. 36
Cherry Hill 08003

Tel: (609) 424-0110

FAX: (609) 751-2552

Hamilton Hallmark

10 Lanidex Plaza West
Parsippani 07054

Tel: (201) 515-5300
FAX: (201) 515-1601

MTi Systems

43 Route 46 East
Pinebrook 07058
Tel: (201) 882-8780
FAX: (201) 539-6430

Pioneer Standard
14-A Madison Rd.
Fairfield 07006

Tel: (201) 575-3510
FAX: (201) 575-3454

Wyle Laboratories

20 Chapin Road, Bldg. 10-13
Pinebrook 07058

Tel: (201) 882-8358

FAX: (201) 882-9109

NEW MEXICO

Alliance Electronics, Inc.
10510 Research Ave.
Albuquerque 87123

Tel: (505) 292-3360
FAX: (505) 275-6392

Avnet Computer
7801 Academy Rd.
Bldg. 1, Suite 204
Albuquerque 87109
Tel: (505) 828-9725
FAX: (505) 828-0360

NEW YORK
Anthem Electronics
e

Tel: (516) 864-6600
FAX: (516) 493-2244

Arrow/Schweber Electronics
3375 Brighton Henrietta
Townline Rd.

Rochester 14623

Tel: (716) 427-0300

FAX: (716) 427-0735

Arrow/Schweber Electronics

20 Oser Avenue
auppauge 11788

Tel: (516) 231-1000

FAX: (516) 231-1072

Avnet Computer
933 Motor Parkway
Hauppauge 11788
Tel: (516) 434-7443
FAX: (516) 434-7426

Avnet Computer
2060 Townline Rd.
Rochester 14623
Tel: (716) 272-9110
FAX: (716) 272-9685

Hamilton Hallmark
933 Motor Parkway
Hauppauge 11788
Tel: (516) 434-7470
FAX: (516) 434-7491

Hamilton Hallmark
1057 E. Henrietta Road
Rochester 14623

Tel: (716) 475-9130
FAX: (716) 475-9119

Hamilton Hallmark

3075 Veterans Memorial Hwy.
Ronkonkoma 11779

Tel: (516) 737-0600

FAX: (516) 737-0838

MTI Systems

1 Penn Plaza

250 W. 34th Street
New York 10119
Tel: (212) 643-1280
FAX: (212) 643-1288

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

Pioneer Standard

60 Crost Park West
Woodbury, Long Island 11797
Tel: (516) 921-8700

FAX: (516) 921-2143

Pioneer Standard
840 Falrport Park
Fairport

Tel: (716) 381-7070
FAX: (716) 381-5955

Zeus Arrow Electronics
100 Midland Avenue
Port Chester 10573
Tel: (914) 937-7400
FAX: (914) 937-2553

NORTH CAROLINA

Arrow/Schweber Electronics
5240 Greensdairy Road
Raleigh 27604

Tel: (919) 876-3132

FAX: (919) 878-9517

Avnet Computer

2725 Millbrook Rd., #123
Raleigh 27604

Tel: (919) 790-1735

FAX: (919) 872-4972

Hamilton Hallmark

5234 Greens Dairy Road
Raleigh 27604

Tel: (919) 87808 9
FAX: (919) 878-8729

Pioneer Technologies Group
2200 Gateway Ctr. Bivd, #215
Morrisville 27560

Tel: (919) 460-1530

FAX: (919) 460-1540

OHIO

Arrow Commercial Systems Group
284 Cramer Creek Court

Dublin 43017

Tel: (614) 889-9347

FAX: (614) 889-9680

Arrow/Schweber Electronics
6573 Cochran Road, #E
Solon 44139

Tel: (216) 248-3990

FAX: (216) 248-1106

Arrow/Schweber Electronics
8200 Washington Village Dr.
Centerville 45458

Tel: (513) 435-5563

FAX: (513) 435-2049

Avnet Computer

7764 Washmgton Village Dr.
Dayton 45459

Tel: (513) 439-6756

FAX: (513) 439-6719

Avnet Computer

30325 Bainbridge Rd., Bldg. A
Solon 44139

Tel: (216) 349-2505

FAX: (216) 349-1894

Hamilton Hallmark

7760 Wasmng(on Village Dr.
Dayton 45.

Tel: (513) 439-6735

FAX: (513) 439-6711

Hamilton Hallmark
5821 Harper Road
Solon 44139

Tel: (216) 498-1100
FAX: (216) 248-4803

Hamilton Hallmark

777 Dearborn Park Lane, #L
Worthington 43085

Tel: (614) 888-3313

FAX: (614) 888-0767

MTI Systems
23404 Commerce Park Rd.
Beachwood 44122

Tel: (216) 464-6688

FAX: (216) 464-3564

Pioneer Standard

4433 Interpoint Boulevard
Dayton 45424

Tel: (513) 236-9900

FAX: (513) 236-8133

Pioneer Standard

Tel: (216) 587-3600
FAX: (216) 663-1004

OKLAHOMA

Arrow/Schweber Electronics
12101 E. 51st Street, #106
Tulsa 74146

Tel: (918) 252-7537

FAX: (918) 254-0917

Hamilton Hallmark

5411 S. 125th E. Ave., #305
Tulsa 74146

Tel: (918) 254-6110

FAX: (918) 254-6207

Pioneer Standard

9717 E. 42nd St., #105
Tulsa 74146

Tel: (918) 665-7840
FAX: (918) 665-1891

CG/SALE/111293
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® NORTH AMERICAN DISTRIBUTORS (Contd.)

OREGON
Almac Arrow Electronics
1885 N.W. 169th Place

Beaverton 97006
Tel: (503) 629-8090
FAX: (503) 645-0611

Anthem Electronics
9090 S.W. Gemini Drive
Beaverton 97005

Tel: (503) 643-1114
FAX: (503) 626-7928

Avnet Computer

9750 Southwest Nimbus Ave.

Beaverton 97005
Tel: (503) 627-0900
FAX: (502) 526-6242

Hamilton Hallmark
9750 S.W. Nimbus Ave.
Beaverton 97005

Tel: (503) 526-6200
FAX: (503) 641-5939

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

PENNSYLVANIA

Anthem Electronics

355 Business Center Dr.
Horsham 19044

Tel: (215) 443-5150

FAX: (215) 675-9875
Avnet Computer

213 Executive Drive, #320
Mars 16046

Tel: (412) 772-1888

FAX: (412) 772-1890

Pioneer Technologies Group
259 Kappa Drive

Pittsburgh 15238

Tel: (412) 782-2300

FAX: (412) 963-8255

Pioneer Technologles Group
500 Enterprise Road

Keith Valley Business Center
Horsham 19044

Tel: (713) 530-4700

Wyle Laboratories
ves Drive, #111
Mariton 08053-3185
Tel: (609) 985-7953
FAX: (609) 985-8757

TEXAS
Anthem Electronics

FAX: (214) 238 0237

Arrow/Schweber Electronics
11500 Metric Blvd., #160
Austin 78758

Tel: (512) 835-4180

FAX: (512) 832-5921

Arrow/Schweber Electronics
3220 Commander Dr.
Carroliton 75006

Tel: (214) 380-6464

FAX: (214) 248-7208

Arrow/Schweber Electronics
10899 Kinghurst Dr., #100
Houston 77099

Tel: (713) 530-4700

Avnet Computer

4004 Beltline, Suite 200
Dallas 75244

Tel: (214) 308-8181
FAX: (214) 308-8129

Avnet Computer

1235 North Loop West, #525
Houston 77008

Tel: (713) 867-8572

FAX: (713) 861-6851

Hamilton Hallmark
12211 Technology Bivd.
Austin 78727

Tel: (512) 258-8848
FAX: (512) 258-3777

Hamilton Hallmark
11420 Page Mill Road
Dallas 75243

Tel: (214) 553-4300
FAX: (214) 553-4395

Hamilton Hallmark
8000 Westglen
Houston 77063

Tel: (713) 781-6100
FAX: (713) 953-8420

Pioneer Standard

FAX: (512) 835-9829

Pioneer Standard
13765 Beta Road
Dallas 75244

Tel: (214) 263-3168
FAX: (214) 490-6419

Pioneer Standard

10530 Rockley Road, #100
Houston 77099

Tel: (713) 495-4700

FAX: (713) 495-5642

Wyle Laboratories

1810 Greenville Avenue
Richardson 75081

Tel: (214) 235-9953
FAX: (214) 644-5064

Wyle Laboratories

4030 West Braker Lane, #330
Austin 78758

Tel: (512) 345-8853

FAX: (512) 345-9330

Wyle Laboratories

11001 South Wilcrest, #100
Houston 77099

Tel: (713) 879-9953

FAX: (713) 879-6540

UTAH

Anthem Electronics
1279 Wesl 2200 South
Salt Lake City 84119
Tel: (801) 973-8555
FAX: (801) 973-8909

Arrow/Schweber Electronics

FAX: (801) 972- 0200

Avnet Computer

1100 E. 6600 South, #150
Salt Lake City 84121

Tel: (801) 266-1115

FAX: (801) 266-0362

Hamilton Hallmark
1100 East 6600480u(h #120

: 2:
FAX: (801) 263-0104

Wyle Laboratories

1325 West 2200 South, #E
West Valley B41 19

Tel: (801) 9

FAX: (801) 972 2524

WASHINGTON

Almac Arrow Electronics
14360 S.E. Eastgate Way
Bellevue 98007

Tel: (206) 643-9992

FAX: (206) 643-9709

Anthem Electronics

19017 - 120th Ave., N.E. #102
Bothell 98011

Tel: (206) 483-1700

FAX: (206) 486-0571

Avnet Computer
17761 N.E. 78th Place
Redmond 98052

Tel: (206) 867-0160
FAX: (206) 867-0161

Hamilton Hallmark
30 154th Avenue
Redmond 98052
Tel: (206) 881-6697
FAX: (206) 867-0159

Wyle Laboratories
15385 N.E 901h Street
Redmond 98

Tel: (206) 881 1150
FAX: (206) 881-1567

WISCONSIN

Arrow/Schweber Electronics
200 N. Patrick, #100
Brookfield 53045

Tel: (414) 792-0150

FAX: (418) 792-0156

Avnet Computer

20875 Crossroads Circle, #400
Waukesha 53186

Tel: (414) 784-8205

FAX: (414) 784-6006

Hamilton Hallmark
2440 S. 179th Street
New Berlin 53146
Tel: (414) 797-7844
FAX: (414) 797-9259

Pioneer Standard

120 Bishop Way #163
Brookfield 53005

Tel: (414) 784-3480
FAX: (414) 780-3613

Wyle Laboratories

W226 N555 Eastmound Drive
Waukesha 53186

Tel: (414) 521-9333

FAX: (414) 521-9498

ALASKA

Avnet Computer

1400 West Benson Blivd., #400
Anchorage 99503

Tel: (907) 274-9899

FAX: (907) 277-2639

CANADA

ALBERTA

Avnet Computer

2816 21st Street Northeast
Calgary T2E 622

Tel: (403) 291-3284

FAX: (403) 250-1591

Zentronics

6815 Blh Street N.E., #100
Calg: arz E 7H

Tel: (403) 295-8838

FAX: (403) 295-8714

BRITISH COLUMBIA

Aimac Arrow Electronics
8544 Baxter Place
Burnaby V5A 4T8

Tel: (604) 421-2333
FAX: (604) 421-5030

Hamilton Hallmark
8610 Commerce Court

6
Tel: (604) 420-4101
FAX: (604) 420-5376

Zentronics

11400 Bridgeport Rd., #108
Richmond V6X 172

Tel: (604) 273-5575

FAX: (604) 273-2413

ONTARIO

Arrow/Schweber Electronics
1093 Meyerside, Unit 2
Mississauga L5T 1M4.

Tel: (416) 670-7769

FAX: (416) 670-7781

Arrow/Schweber Electronics
36 Antares Dr., Unit 100
Nepean K2E 7W5

Tel: (613) 226-6903

FAX: (613) 723-2018

Avnet Computer
Canada System Engineering Group
151 Superior Bivd.

Mississuaga L5T 2L1
Tel: (416) 795-3835

FAX: (416) 677-5091

Avnet Computer
190 Colonade Road
Nepean K2E 7J5
Tel: (613) 727-2000
FAX: (613) 226-1184

Hamilton Hallmark

151 Superior Blvd., Unit 1-6
Mississauga L5T 2L1

Tel: (416) 564-6060

FAX: (416) 564-6033

Hamilton Hallmark

190 Colonade Road
Nepean K2E 7J5

Tel: (613) 226-1700

FAX: (613) 226-1184
Zentronics

5600 Keaton Crescent, #1
Mississauga L5R 3S5

Tel: (416) 507-2600
FAX: (416) 507-2831

Zentronic:
155 Colonnade Rd., South

#17

Nepean K2E 7K1
Tel: (613) 226-8840
FAX: (613) 226-6352

QUEBEC

Arrow/Schweber Electronics
1100 St. Regis Bivd.

Dorval H9P 2T5

Tel: (514) 421-7411

FAX: (514) 421-7430

Arrow/Schweber Electronics
500 Boul. St.-Jean-Baptiste Ave.
Quebec H2E 5R9

Tel: (418) 871-7500

FAX: (418) 871-6816

-2483
FAX: (514) 335~2481

Hamilton Hallmark
7575 Transcanada Highway

#1

St. Laurent H4T 2V6
Tel: (514) 335-1000
FAX: (514) 335-2481

Zentronics

520 McCaffrey

St. Laurent H4T 1N3
Tel: (514) 737-9700
FAX: (514) 737-5212

CG/SALE/111293
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FINLAND

Intel Finland OY
Ruosilantie 2

Tel: (358) 0 544 644
FAX: (358) 0 544 030
FRANCE

Intel Corporation S.A.R.L.
1, Rue Edison-BP 303
78054 St. Quentin-en-Yvelines

edex
Tel: (33) (1) 30 57 70 00
FAX: (33) (1) 30 64 60 32

EUROPEAN SALES OFFICES

GERMANY

Intel GmbH

Dornacher Strass

85622 Feldkwchen/Muenchen
Tel: (49) 089/90992-0

FAX: (49) 089/9043948

ISRAEL
Intel Semiconductor Ltd.

Atidim Industrial Park-Neve Sharet

P.O. Box 43202
Tel-Aviv 61430

Tel: (972) 03 498080
FAX: (972) 03 491870

ITALY

Intel Corporation Italia S.p.A.
Milanofiori Palazzo E
20094 Assago

ilan
Tela (39) (2) 575441
FAX: (39) (2) 3498464

NETHERLANDS

Intel Semiconductor B.V.
Postbus 84130

3009 CC Rotterdam

Tel: (31) 10 407 11 11
FAX: (31) 10 455 4688

RUSSIA

Intel Technologies, Inc.

Krememshugs aya 6/7

121357 Mos:

Tel: 007- 095 4439785
FAX: 007-095-4459420

TLX: 612092 smail su.

SPAIN

Intel Iberia S.A.
Zubaran, 28

28010 Madrid

Tel: (34) (1) 308 2552
FAX: (34) (1) 410 7570

SWEDEN

Intel Sweden A.B.
en

171 36 Solna

Tel: (46) 8 705 5600
FAX: (46) 8 278085

UNITED KINGDOM

Intel Corporation (U.K.) Ltd.

Pipers Way

Swindon, \)lvmshire SN3 1RJ

Tel: (44) (0793) 696000
FAX: (44) (0793) 641440

EUROPEAN DISTRIBUTORS/REPRESENTATIVES

AUSTRIA
1*Elbatex GmbH

Tel: (43 1816020
FAX: (43) 181652141

1Spoerle Electronic
Heiligenst. Str. 62
A-1190 Wien

Tel: (43) 1 318 72 700
FAX: (43) 1 369 22 73

BELGIUM

T*Inelco Distribution

Avenue des Croix de Guerre 94
1120 Bruxelles

Tel: (32) 2 244 28

FAX: (32) 2 216 3304

*Diode Belgium
Keiberg Il inervas1raat 14/B2
1930 Zaventem
Tel: (32) 2 725 46 60
FAX: (32) 2725 45 11

DENMARK

*Avnet Nortec A/S

Transformervej 17

DK-2730 Herlev

Tel: (45) 4284 2000
FAX: (45) 4492 1552

1*ITT Muitikomponent AS
Naverland 29

lost
Tal (45) 4245 6645
AX: (45) 4245 7624

FINLAND

1*QY Fintronic AB
Pyynmle, 3

Tel (358) 4 887 331
FAX: (358) G 887 33 343

FRANCE

*Arrow Electfomqua
73-79 Rue des Solets
Silic 585

94663 Rungis Cedex
Tel: (33) (1) 4978 4978
FAX: (33) (1) 4978 0596

*Avnet
79, rue Pierre Semard

92322 Chatillon
Tel: (33) (1) 4965 2500
FAX: (33) (1) 4965 2769

1Metralogie

Tour d'Asnieres

4, Avenue Laurent Cely
92606 Asnieres Cedex
Tel: (33) (1) 4080 90

FAX: (33) (1) 4791 0561
*Tekelec

Cite des Bruyeres

5, Rue Carle Vsmet BP 2
92310

Tel: (33) (1) 2425
FAX: (33) (1) 4507 2191

*Components
1Systems

GERMANY

*Avnet Electronic 2000
Stahzlgrubemng 12
81829 Muenchen

Tel: (49) 89 45110-01
FAX: (49) 89 45110129

*Jermyn GmbH
Im Dachsstueck 9

% (49) 6431 5080
FAX: (49) 6431 508289

tMetrologie GmbH
Steinerstrasse 15
81369 Muenchen

Tel: (49) 89 724470
FAX: (49) 89 72447111

*Proelectron Vertriebs GmbH
Max-Planck-Strasse 1-3
63303 Dreieich

Tel: (49) 6103 304343

FAX: (49) 6103 304425

tRein Elektronik GmbH
ohef Weg 66 .

Tat ( 9)
FAX: (49) 2153 733513

GREECE

tErgodata
Ai iroupoleos 2A
176 76 Kalithea
Tel: (30) 1 95 10 922
FAX: (30) 1 95 93 160

*Pouliadis Associates Corp.
Aristotelous St. 3/Sygrou Av 150
Athens 17671

Tetl: (30) 1 924 2072

FAX: (30) 1 924 1066

IRELAND

1*Micro Marketing
Taney Hall

Eglinton Terrace
Dundrum

Dublin 14

Tel: (353) (1) 298 9400
FAX: (353) (1) 298 9828

ISRAEL
t*Eastronics Limited

arus
Tel-Aviv 61392
Tel: (972) 3 6458 777
FAX: (972) 3 6458 666
ITALY

*Intesi Div. Della Deutsche
Divisione ITT Industries GmbH
.1, 06550110156

Mllanofion Palazzo e5

Milano)
Tel @ agzs%g'eno )
) 2 8242631

'Lasl Elettronica

P.1. 00839000155
Viale Fulvio Tesu N.280
20126 M

Tl (39) 2 681431
FAX: (39)266101385

fOmnilogic Telcom
Via Loremeggw 270/A
20152 Milano

Tel: (39) 2 48302640
FAX: (39) 2 43802010

NETHERLANDS

tDatelcom B.V.
Meidoornkade 22
3993 AE Houten

Tel: (31) 3403 57222
FAX: (31) 3403 57220

*“Diode Components
Cohba

3439 9euwege|n
Tel: (31) 34029 12 34
FAX: (31) 3402 3 59 24

1*Koning en Hartman
Energlsweg 1

2627 AP

Tel: (31) 15 609 906
FAX: (31) 15619 194

NORWAY

*Avnet Nortec A/S

Postboks 123

N-1364 Hvalstad

Tel: (47) 284 6210

FAX: (47) 284 6545

TComputer s\/stem Integration A/S
Postbox 1

N-2013 S| k

Tel: (47) a 25 411

FAX: (47) 638 45 310

PORTUGAL

*ATD Electronica LDA
Edificio Altej éo

Rua 3 piso 5-sala 505
Urbamzacao de Matinha

1900 L
Tel: (351) (1) 858 0191 /2
FAX: (351) (1) 858 7841

fMetrologua Iberica Portugal
Rua D

SPAIN

*ATD Electroni

Madrid

Tel: (34) (1) 661 6551

FAX: (34) (1) 661 6300

tMetrologia Iberica

Avda. Industria, 32-2

28100 Alcobendas

Madrid

Tel: (34) (1) 661 1142

FAX: (34) (1) 661 5755

SWEDEN

‘tAvnet Computer AB
ox 184

$-123 23 Farsta

Tel: (46) 8 705 18 00
FAX: (46) 8 735 2373

*Avnet Nortec AB
Box 330
S-171

Tel: (46) 4705100
FAX: (46) 883 6918

*ITT Multikomponent AB
Ankdammsgatan 32
Box 1330

$§-171 26 Solna

Tel: (46) 8 830

FAX: (46) 8 27 13 03

SWITZERLAND

tEIbatex AG
Hardstr.
CH-5430 W ttingen
Tel (41) 56 27 50 00
AX: (41) 27 19 24

tFabrimex AG
Kirchenweg 5
CH-8032 Zurich

Tel: (41) 1 386 86

FAX: (41) 1 383 23 79

1IMIC Microcomputer
Zurichstrasse
CH-8185 Winkel-Ruti
Tel: (41) (1) 8620055
FAX: (41) (1) 8620268

Tel: (35!) (1) 847 2202
FAX: (351) (1) 847 2197

SOUTH AFRICA

1*EBE

PO Box 912-1222

Silverton 0127 ,

M73 Erasmus Street
rspar

Prgtyovla 0184

Tel: (27) 12 803 7680-93

FAX: (27) 12 803 8294

Hert ristasse O
Walliselien

H-83
Tel: (41) (1) 8328111
FAX: (41) (1) 8307550

TURKEY

*Empa Electronic
Florya Is Merkezi

Besyol Londra Asfalti
34630 Florya Istanbul
Tel: (90) (! 599 3050
FAX: (90) (1) 599 3061

Avenue de la Industna 32,28
100 Alcobendas

UNITED KINGDOM

* Electronics
St. Martins Business Centre

Cambridge Road
Bedford - MK42 OLF
Tel: (44) 234 270272
FAX: (44) 234 211434

*Avnet EMG Ltd.

Jubilee House

Jubilee Road

Letchworth

Hertsfordshire - SG6 1QH

Tel: (44) 462 488 500
FAX: (44) 462 488 567

*Bytech Components
12V‘09m

a
Chineham Business Park
4 Crockford Lane

B ngsmk

G12 1RW
Tel (44) 256 707 107
FAX: (44) 256 707 162

T lech Systems

he Sterling Centre
Eastern oal
Bracknell

Berks - RG12
Tel: (44) 344 33
FAX: (44) 344 ee7 270

*Datrontech

42-44 Birchett Road

Aldershot

Hants—GU11 1LU
Tel: (44) 252 3

FAX: (44) 252 341939

*Jermyn Electvonm
Ves!ry Estaf
Otford oad
Sevenoaks

Kent TN14 5EU

Tel: (44) 732 743 743
FAX: (44) 732 451 251

TMetroIogIe VA
House
High Wcoodbe
I ml
Bucks - HP11 2E
Tel: (44) 494 526 271
FAX: (44) 494 421 860

*MMD/Rapid Ltd.
Ra&d Silicon

Bennet Road
HeadingR

Berks - RG2 OQX

Tel: (44) 734 7

FAX: (44) 734 313 255

CG/SALE/111293
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AUSTRALIA
Ilgltel Australia Pty Ltd.

Allamble Grove Busmess Park
25 Frenchs Forest Road East
Frednchs Forest, NSW, 2086

Sydney

Tel: 61-2-975-3300
FAX: 61-2-975-3375
Intel Australia Pty. Ltd.
711 High Street

1st Floor

East Kw. Vic., 3102
Melbourne

Tel: 61-3-810-2141
FAX: 61-3-819 7200

BRAZIL

Intel Semicondutores do Brasil
Rua Florida, 1703-2 and CJ.22
CEP 04565-001 Sao Paulo

SP Brazil

Tel: 55-11-530-2296

FAX: 55-11-531-5765

CHINA/HONG KONG

Intel PRC Corporation

Room 517-518

China World Tower

1 Jian Guo Men Wai Avenue
Beijing 10001

Republic of China

Tel: 861-505-0386

FAX: 861-505-0383

INTERNATIONAL SALES O‘FFICES

Intel Semiconductor Ltd.*
32/F Two Pacific Place
88 Queensway

Central

Hong Kong

Tel: (852) 844-4555

FAX: (852) 868-1989

INDIA

Intel Asia Elecﬁ'omcs, inc.
4/2, Samrah P!

St. Mark's Road

Bangalore 560001

Tel: 91-80-215065

FAX: 91-80-215067

TLX: 953-845-2646 INTL IN

JAPAN

Intel Japan K.K.
5-6 Tokodai, Tsukuba-shi

" Ibaraki, 300-26

Tel: 0298-47-8511
FAX: 0298-47-8450

Intel Japan K.K.*
Hachioji ON Bldg.
Myojin-machi
Hachioji-shi, Tokyo 192
Tel: 042¢ 8770
FAX: 0426-48-8775
Intel Japan K.K.*
Kawa-asa Bl

B S inyaiohama
Kohoku-ku, Yokohama-shi

FAX: 045-471-4394
Intel Japan K.K.*

‘Ryokuchi-Eki Bidg.

2-4-1 Terauchi X
Toyonaka-shi, Osaka 560
Tei: 06-863-1091

FAX: 06-863-1084

Intel Japan K.K.

Shinmaru Bldg.

22"? " (I’ﬂ a:(unc#‘ckr;’lo 100
iyoda-ku, Tol

Tely03

FAX: 03~ 3201-6850

Intel Japan K.K.*
TK Gotanda Bldg. 9F
8-3-6 Nishi Gotanda
Shinagawa, Tgszo 141
-3493-6081

FAX: 03-3493-5951

KOREA

Intef Korea, Ltd.
16th Floor, Life Bldg.
61 Yoido-dong, Y

SINGAPORE

Intel Singapore Technology, Ltd.
101 Thomson Road #08-f

SIngagsore 1 130

Tel: (65) 250-7811
FAX: (65) 250-9256

TAIWAN

Intel T

Seoul 150-01
Tel: (2) 784-8186
FAX: (2) 784-8096

MEXICO

intel Tecg%logla de Mexico
Av. Mexico No. 2798-9B, S.H.
44680 Guadalajara, Jal.

Tel: 011-523-640-1259
FAX: 011-523-642-7661

Far East Ltd.
Taiwan Bran
8th Floor, No. 205

Bank Tower Bldg.
Tung Hua N. Road

" 886-2-71 9-6184

INTERNATIONAL DISTRIBUTORS/REPRESENTATIVES

ARGENTINA

Dafsys Consulting S.A.
Chacabuco, 90-6 Piso
1069-| Buenos Aires

Tel. & FAX: 54.1334.1871

AUSTRALIA

NJS Electronics Australia
1A/37 Ricketts Road
Mount Waverley, VIC 3149
Tel: 61-3-558-9868

FAX: 61-3-558-9929

NSD-Australia

205 Middleborough Rd.
Box Hill, Victoria 3128
Tel: 03 8900970

FAX: 03 8990819

BRAZIL

Hitech

Luis Carlos Berrini, 801 CJ121
04571, Sao Paulo, SP Brazil
Tel: 5511-536-0355

FAX: 5511-240-2650

Microlinear

Avenida Wilhelm Winter, 345
Distrito Industrial - Jundiai, SP
13213-000

Tel: 5511 -732-6111
FAX: 5511-732-2892

CHILE

Sisteco

Vecinal 40—Las Condes
Santiago

Tel: 562-234-1644

FAX: 562-233-9895

CHINA/HONG KONG

Novel Precision Machlnery Co,, Ltd.
Room 728 Trade Squar

681 Cheung Sha Wan Fload
Kowloon, Hong Kong

Tel: (852) 360-8999

TWX: 32032 NVTNL HX

FAX: (852) 725-3695

*Field Application Location

GUATEMALA

Abinitio

11 Calle 2—Zona 9
Guatemala City
Tel: 5022-32-4104
FAX: 5022-32-4123

INDIA
Pr‘ga International Limited
D-6, loor

Devatha Plaza
131/132 Residency Rd.
Bangalore 560 025

Tel: 91-80-214027, 91-80-214395
FAX: 91-80-214105

Pnya International Limited
eejay House, 4Ih Floor
130 pollo St r
Bombay 400 O:
Tel: 91-22- 2660949 91 -22-2665822

Pnya International Limited

Flat No. 8, 10th Floor
Akashdeep Bulldmg
Barakham!

New Delhl 110 00
Tel: 91-11-3314512, 91-11-3310413
FAX: 91-11-3719107

Priya International Limited

, Century
560-562 Mount Road, Teynampet
Madras 600 01
Tel: 91-44-451031, 91-44-451597
FAX: 91-44-813549

Priya International Limited

No. 10, Il Fioor, Minerva House
94 Saro;ml Devi Rd
Secunderabad 50

Tel: 91 842—813120 91 842813549

Priya Imemanonal Limited
Lords, |

n Lord Slnha Road

Calcutta 700 071

Tel: 91-33-222378, 91-33-222379
FAX; 91-33-224884

SES Computers & Technologies
Pvt. Ltd.

11/18, SNS Chambers

239 Palace Upper Orchards
Sankey Road, Sadashivanagar
Bangalore 560 080

Tel: 91-812-348481

FAX: 91-812-343685

SES Computers & Technologies
Pvt. Lu:i.p od

Arvind Chambers

194, Andheri-Kurla Road

Andheri (Eas)

Bombay 400 069

Tel: 91-22-6341584, 91-22-6341667
FAX: 91-22-4937524

SES CEmputers & Technologies
605-A, Ansal Chambers If

AX: 91-11-6840471
JAMAICA

MC Systems

10-12 Grenada Crescent
Kingston

Tel: (809) 92&0104
FAX: (809) 929-5678

JAPAN

Asahi Electronics Co. Ltd.
KMM Bldg. 2-14-1 Asano
Kokurakita-ku
Kitakyushu-shi 802

Tel: 093-511-6471

FAX: 093-551-7861

Dia Semicon Systems,

Flower Hill Shinmachi ngashl i-kan
1-23 Shmmaohl Setagaya-ku
Tokyo 15

Tel: 03—3439 1600

FAX: 03-3439-1601

Okaya Koki
2-4-18 Sakae
Naka-ku, Nagoya-sht 460
Tel: 052-204-83
FAX: 052-; 204—83&0

Ryoyo Electro Corp.
Konwa Bldg. ®
1-12-22 Tsukiji

Chuo-ku, Tokyo 104

Tel: 03-3546-5011
FAX: 03-3546-5044 .

KOREA

Samsung Electronics
Samsung Main Bld "?KA

150 Taepyun -Ro-: Chung-Ku
Seoul 100-10:

C.P.0. Box 8780

Tel: (822) 751-3680

TWX: KORSST K 27970

FAX: (822) 753-9065

Tong Baek Electronic Co., Ltd.
16-58 Hangang-ro 3-ga
Yongsan-gu, Seoul

Tel: 82-2-715-6623

FAX: 82-2-715-9374

SAUDI ARABIA

AAE Systems, Inc.

642 N. Pastoria Ave.
Sunnyvale, CA 94086

USA

;:lx (408) 732-1710
94-?3405AA E SYS

SINGAPORE

E;ectronic FFl‘esouroes Pte, Ltd.
Harvey Roa

#03-01 Sl

re 1336
Tel: (65) 283-0888
: RS 56541 ERS

FAX: (65) 289-5327

SOUTH AFRICA

Electronic Building Elements
178 Erasmus St.

(oﬂ Waterme)
fetorla 0184
7680

Tely%ﬂ -2712-803
FAX: 011-2712-803-8294

TAIWAN

Micro Electronics Corporation
12th Floor, Section 3
285 Nanking East Road

n 0;
Teo (a 7198419
(aae) 27197916

Acer Sertek Inc.

15th Floor, Section 2
Chien Kuo North Rd.
Taipei 18479 R.0.C.
Tel: 882%-2-501'0055

g ERTEK
FAX: (886) 2-5012521

URUGUAY
Interfase

4600
FAX 5982-49 3040

VENEZUELA

Unixel C.A.

4 Transversal de Monte Cristo |
Edf. , Piso 1, of. 1&2
Cernro Empresanal Boleita

Tel: 582-238-7749
FAX: 582-238-1816

CG/SALE/111293



In ®

ALABAMA
Birmingham
Huntsville

ALASKA
Anchorage

ARIZONA
Phoenix*
Tucson

ARKANSAS
Little Rock

CALIFORNIA
Bakersfield
Brea
Carson*
Fresno
Livermore
Mar Del Rey
Ontario*

Orange
Sacramento*

Santa Clara*
Ventura
Sunnyvale
Walnut Creek*
Woodland Hills*
COLORADO
Colorado Springs
Denver
Englewood*
CONNECTICUT
Glastonbury*

DELAWARE
New Castle

FLORIDA

Ft. Lauderdale
Heathrow
Jacksonville
Melbourne
Pensacola

Tampa
West Palm Beach

ARIZONA

Computervision Customer
Education

2401 W. Behrend Dr., Suite 17
Phoenix 85027

Tel: 1-800-234-8806

MINNESOTA

3500 W. 80th Street
Suite 360

Bloomington 55431
Tel: (612) 835-6722

*Carry-in locations

NORTH AMERICAN SERVICE OFFICES

COMPUTERVISION
Intel Corporation’s North American Preferred Service Provider
Central Dispatch: 1-800-876-SERV (1-800-876-7378)

GEORGIA MICHIGAN NORTH DAKOTA VIRGINIA
Atianta* Ann Harbor Bismark ;
Savannah Benton Harbor Charlottesville
West Robbins int OHIO Glen Alle.n

(L;ralr'|d Rapias® Cincinnati* mﬁﬁﬁ"

HAWAIl Lievi:-?ia' Solumbus Virginia Beach

St. Joseph ayton
Honolulu Troy* Pl IG ‘ded'?e quﬁ_‘
o o oe WASHINGTON

ILLINOIS MINNESOTA Toledo*

Buffalo* .
Calumer City Bloomington* OREGON Botevue*
Lahr::?nggo Beaverton* Renton
MISSOURI Richland
Oak Brook el PENNSYLVANIA Spokane
Springfield . Verdale
INDIANA St. Louis* Bala Cynwyd'
Cam% A ill*
Carmel* . East Erie
Ft. Wayne NEVADA Pittsburgh* WASHINGTON D.C.*
lh.naigc{/en Wayne*

KANSAS egas

Overiand Parke Reno SOUTH CAROLINA WEST VIRGINIA
o Charleston
Wichita NEW HAMSHIRE Cherry Point St. Albans
Manchester* Columbia
KENTUCKY Fountain Inn
. NEW JERSEY
Lexington WISCONSIN
Louisville Edison* . SOUT"VDAKOTA
Madisonville Hamton Town* Sioux Falls Brookfield*
Parsippany* Green Bay
LOUISIANA’ NEW MEXICO TENNESSEE "devadison
ausal
Baton Rouge Bartlett usau
Metarie Albuquerque Chattancoga
Knoxville

MAINE NEW YORK Nashville CANADA

Brunswick ﬁ',:ﬁz},’;,, TEXAS Calgary*
Dewitt* « Austin Edmonton
i - Halifax

MARYLAND Fairport* Bay City London*

F . Farmingdale* Beaumont Montreal*
rederick New York City* Canyon wa

'ﬁ“""&'&ﬁ"} College Station Torawe s
ockville' NORTH CAROLINA ‘*:VIQ:;?"' Vancouver, BC*

MASSACHUSETTS Brevard San Antonio Winnipeg

Charlotte Tyler S?gJoh
Boston* Greensboro - John
Natick* Haveluch UTAH
lorton Raleigh

Springfield Wilmington Salt Lake City*

ILLINOIS MASSACHUSETTS
isi Computervision Customer

gglrjnozlilitoer:wswn Customer Education )
1 Oakbrook Terrace 151 Oak Park Drive
Suite 600 edford 01730
Oakbrook 60181 Tel: 1-800-234-8806

Tel: 1-800-234-8806

SYSTEMS ENGINEERING OFFICES

NEW YORK
2950 Expressway Dr., South
1722

Islandia 1
Tel: (506) 231-3300

CG/SALE/111293
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