















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































intelg INTERAGENT COMMUNICATION

When the destination operand of a synmovq instruction is FF000010, 4, the processor inter-
prets the instruction as a send internal-IAC instruction. The processor then receives the IAC
by moving the message from memory into an internal message buffer.

The action of the synmovq move instruction insures that the loading of the message into the
processor is completed before the processor is allowed to perform any other chores.

Note

The address range of FF000000,, through FFFFFFFF ¢ is reserved for interrupt handling and
IAC message passing.

EXTERNAL IACS

External IACs are used by agents external to the processor to initiate processor actions such as
testing for pending interrupts or freezing the processor. External IACs can be sent between
two 80960KB processors that are connected to the same bus or by external logic that duplicates
the external IAC sending mechanism. The following sections describe how one processor
sends an IAC to another processor. The 80960KB Hardware Designer’s Reference Manual
describes the requirements that external logic must meet to perform these same functions.

Sending External IACs

Sending an external IAC message is similar to sending an internal IAC message, except that
the address of the receiving agent is specified in a slightly different way. Figure 13-2 shows
the required encoding of the address for the receiving agent.

EEENENERERERERER! [ofof1]1]0] [olofo]o]
31 24 23 14 13 9 8 4 3 0
T t———l’RIORITY

ADDRESS OF IAC
RECIPIENT

Figure 13-2: Encoding of Address for Processor Receiving an IAC

At initialization each agent on the bus is assigned a unique address in the range of FFO00C00, ¢
to FFFFCCO00,4. To send an IAC to an agent, the sending agent sends the message to the
address assigned to the receiving agent. As shown in Figure 13-2, only bits 14 through 23 of
this address are interpreted to determine the address of the receiving agent. Bits 4 through 8 of
this address are used to encode the priority of the message.

For example, to send a priority 25, IAC to the agent at address 0000000001,, the message
address would be FF004D90, .

To send an external IAC from one 80960KB processor to another, software must perform the
following steps:

1. Load the message into four consecutive words in memory, with the first word aligned on a
word boundary.

13-3



inter INTERAGENT COMMUNICATION

2. Execute a synmovq instruction to move the message from its source address to the address
“of the receiving agent (encoded in the form shown in Figure 13-2).

3. Check the condition code in the arithmetic controls to determine if the message was
received (010,) or rejected (000,).

The action of the synmovq move instruction insures that the sending processor does not
execute any other instructions until the synmovq instruction is complete. It also sets the
condition code bits to indicate whether or not the move was successful. A successful move is
interpreted as the IAC being received by the processor.

Receiving and Handling an External IACs ’

A processor receives and handles an external IAC in somewhat the same manner as it receives
and handles an interrupt. To conflgure a processor to receive external IACs, vector INTO of
the interrupt-control register (shown in Figure 8-3) is set to 0. The INTO pin on the processor
chip then becomes' the TAC pin. (Refer to the section in Chapter 8 titled "Interrupts From
Interrupt Pins" for further discussion of the interrupt pins and interrupt-control register.)

When the processor receives a signal on the TAC pin, it handles it initially as if it were
receiving an interrupt. It reads the vector number associated with this pin (bits O through 7 of
the interrupt-control register). If it is zero, the processor recognizes that it is receiving an
external JAC. It then reads the four-word IAC message from the bus and performs the
requested IAC. ‘

The processor acts immediately on any IAC that it receives. For efficient system operation,
external logic must thus be provided to insure that low priority IAC messages do not interrupt
the processor while it is handling a higher priority task. The handshaking for this operation is
provided by the write-external-priority mechanism described in Chapter 7.

Using the write-external-priority mechanism, the processor keeps the external logic updated
regarding the processor’s current priority. When an IAC is sent to the processor, the external
logic intercepts it and reads the priority. The external logic then determines whether the IAC
priority is above that of the processor or not. If the IAC has a higher priority, the external logic
sends an acknowledge signal to the sending processor, then signals the receiving processor by
asserting the IAC pin. If the IAC has an equal or lower priority, the external logic sends a
non-acknowledge signal to the sending processor.

The sending processor uses the acknowledge or non-acknowledge signals to set the condition
codes to complete the synmovq instruction.

While the processor is servicing an IAC, it performs some handshaking with the external logic
so that the logic knows when the processor has finished work on an IAC. The external logic is
then able to reject any IAC that it receives while the processor is servicing another IAC.

Refer to the 80960KB Hardware Designer’s Reference Manual for further information on the
requirements for handling IAC messages.
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SUMMARY OF IAC MESSAGES

Table 13-1 gives a list of the IAC messages that the processor can send either internally or
externally. The following section provides detailed reference information on these messages.

Table 13-1: IAC Messages

Interrupt Handling | Processor Management
Interrupt Purge Instruction Cache
Test Pending Interrupt | Set Breakpoint Register
Store System Base
Freeze

Continue Initialization
Reinitialize Processor

IAC MESSAGE REFERENCE

The following section provides detailed descriptions of the operations carried out for each of
the IACs. This section is organized alphabetically by IAC title for easy reference.
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Continue Initialization

Message Type:
Function:

Carries out the initialization procedure that follows the processor
self test. The processor executes the initialization procedure begin-
ning with reading the initial memory image from ROM. The self
test is not performed.

Refer to the section in Chapter 7 titled "Processor Initialization" for
further details on the initialization process.
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Freeze
Message Type: 916
Function: Stops the processor. The processor puts itself in the stopped state.



intal

INTERAGENT COMMUNICATION

Interrupt

Message Type:

Parameters:

Function:

Field 1 Interrupt vector
Fields 2 - § Not Used

Generates an interrupt request. The interrupt vector is given in field
1 of the IAC message. The processor handles the interrupt request
just as it does interrupts received from other sources. If the inter-
rupt priority is higher than the processor’s current priority, the
processor services the interrupt request immediately. Otherwise, it
posts the interrupt in the pending interrupts section of the interrupt
table.

Refer to Chapter 8 for further information on the servicing of inter-
rupt IACs.

13-8



inter’ INTERAGENT COMMUNICATION

Purge Instruction Cache

Message Type: 8916

Function: Invalidates all entries in the processor’s internal instruction cache.
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Reinitialize Processor

Message Type: 93,6
Parameters: Fields 1 -2 Not Used
Field-3 Address of System Address Table
Field-4 Address of Processor Control Block
Field 5 Start Instruction IP
Function: Reestablishes the processor state. In reinitializing itself, the proces-

sor first locates the system address table and the processor control
block in the IMI from the addresses given in fields 3 and 4.

The processor then begins executing the instruction list beginning
with the IP given in field 5.
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Set Breakpoint Register

Message Type: 8F ¢
Parameters: Fields 1 -2 Not Used
Field 3 Breakpoint IP
Field 4 Breakpoint IP
Field 5 Not Used
Function: Enables or disables two breakpoints. When the processor receives

this IAC, it conditionally loads the parameters from fields 3 and 4
into breakpoint registers 0 and 1, respectively. Field 3 provides a
breakpoint IP for breakpoint register 0, and field 4 provides a break-
point IP for breakpoint register 1. Bit 1 in each of these fields is a
breakpoint disable flag.

If the disable flag in one of these fields is set, the breakpoint for the
corresponding breakpoint register is disabled. Otherwise, the IP
value in the field is loaded into the corresponding breakpoint
register and the breakpoint is enabled.

Breakpoints are described in the section in Chapter 10 titled
"Breakpoint-Trace Mode."
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Store System Base

Message Type:

Parameters:

Function:

806

Fields 1 -2 Not Used

Field 3 Destination Address
Fields4 -5 Not Used

Stores the current locations of the system address table and the
PRCB in a specified location in memory. The address of the system
address table is stored in the word starting at the byte specified in
field 3, and the address of the PRCB is stored in the next word in
memory (field 3 address plus 4).
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Test Pending Interrupts

Message Type: 416

Function: Tests for pending interrupts. The processor checks the pending
interrupt section of the interrupt table for a pending interrupt with a
priority higher than the processor’s current priority. If a higher
priority interrupt is found, it is serviced immediately. Otherwise, no
action is taken.
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APPENDIX A
INSTRUCTION AND DATA STRUCTURE QUICK REFERENCE

This appendix provides quick reference for the 80960KB instructions and data structures.

INSTRUCTION QUICK REFERENCE

This section provides two lists of 80960KB instructions: one sorted by assembly-language
mnemonic and another sorted by machine-level opcode. In these lists, each entry includes the
assembly-language mnemonic for an instruction; the operands (given in the required order); the
machine-level opcode and instruction type (i.e., REG, MEM, COBR, CTRL); and the page
number in Chapter 11 where the detailed description of the instruction is given.
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Instruction List by Assembler Mnemonic

Mnemonic Operands -+ Opcode Inst. Type: Page
addc srcl, src2, dst 5B0 REG 11-6

addi srcl, src2, dst 591 REG 11-7

addo srcl, sre2, dst 590 REG 11-7

addr srcl, src2, dst 78F REG 11-8

addrl srcl, src2, dst T9F REG 11-8

alterbit bitpos, src, dst 58F REG 11-10
and srcl, src2,  dst 581 REG 11-11
andnot srcl, src2, dst 582 REG 11-11
atadd srcldst, src, dst 612 REG 11-12
atanr srcl, sre2, dst 680 REG 11-13
atanrl srel, src2, dst 690 REG 11-13
atmod src, mask, srcl/dst 610 REG 11-15
b targ 08 CTRL 11-18
bal targ 0B CTRL 11-16
balx targ, dst 85 MEM 11-16
bbc bitpos, src, targ 30 COBR 11-20
bbs bitpos, sre, targ 37 COBR 11-20
be targ 12 CTRL 11-22
bg targ 11 CTRL 11-22
bge targ 13 CTRL 11-22
bl targ 14 CTRL 11-22
ble targ 16 CTRL 11-22
bne targ 15 CTRL 11-22
bno targ 10 CTRL 11-22
bo targ 11 CTRL 11-22
bx targ 84 MEM 11-18
call targ 09 CTRL 11-25
calls targ 660 REG 11-27
callx targ 86 MEM 11-29
chkbit bitpos, src SAE REG 11-31
classr src 68F REG 11-32
classrl src 69F REG 11-32
clrbit bitpos, sre, dst 58C REG 11-34
cmpdeci srcl, src2, dst 5A7 REG 11-36
cmpdeco srcl, src2, dst 5A6 REG 11-36
cmpi srcl, src2 5A1 REG 11-35
cmpibe srcl, sre2, targ 3A COBR 11-42
cmpibg srcl, src2, targ 39 COBR 11-42
cmpibge srcl, src2, targ 3B COBR 11-42
cmpibl srcl, src2, targ 3C COBR 11-42
cmpible srcl, src2, targ 3E COBR 11-42
cmpibne srel, src2, targ 3D COBR 11-42
cmpibno srcl, src2, targ 38 COBR 11-42
cmpibo srel, sre2, targ 3F COBR 11-42
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Mnemonic

cmpinci
cmpinco
cmpo
cmpobe
cmpobg
cmpobge
cmpobl
cmpoble
cmpobne
cmpor
cmporl
cmpr
cmprl
concmpi
concmpo
cosr
cosrl
cpyrsre
cpysre
cvtilr
cvtir
cvtri
cvtril
cvtzri
cvtzril
daddc
divi
divo
divr
divrl
dmovt
dsubc
ediv
emul
expr
exprl
extract
faulte
faultg
faultge
faultl
faultle
faultne
faultno
faulto
flushreg
fmark

Operands

srcl,
srcl,
srcl,
srcl,
srcl,
srcl,
srcl,
srcl,
srcl,
srcl,
srcl,
srcl,
srcl,
srcl,
srcl,
src,
sre,
srcl,
srcl,
src,
src,
src,
src,
src,
src,
srcl,
srcl,
srcl,
srcl,
srcl,
src,
srcl,
srcl,
srcl,
src,
src,
bitpos,

src2,
src2,
src2
src2,
src2,
src2,
src2,
src2,
src2,
src2
src2
src2
src2
src2
src2
dst
dst
src2,
src2,
dst
dst
dst
dst
dst
dst
src2,
src2,
src2,
src2,
src2,
dst
src2,
src2,
src2,
dst
dst
len,

dst
dst

targ
targ
targ
targ
targ
targ

dst
dst

dst
dst
dst
dst
dst

dst

dst
dst

srcldst

Opcode

S5AS
S5A4
5A0
32
31
33
34
36
35
684
694
685
695
S5A3
5A2
68D
69D
6E3
6E2
675
674
6CO0
6C1
6C2
6C3
642
74B
70B
78B
79B
644
643
671
670
689
699
651
1A
19
1B
1C
1E
1D
18
1IF
66D
66C

Inst. Type Page

REG
REG
REG
COBR
COBR
COBR
COBR
COBR
COBR
REG
REG
REG
REG
REG
REG
REG
REG
REG
REG
REG
REG
REG
REG
REG
REG
REG
REG
REG
REG
REG
REG
REG
REG
REG
REG
REG
REG
CTRL
CTRL

CTRL*

CTRL
CTRL
CTRL
CTRL
CTRL
REG

REG

11-37
11-37
11-35
11-42
11-42
11-42
11-42
11-42
11-42
11-38
11-38
11-40
11-40
11-45
11-45
11-46
11-46
11-48
11-48
11-49
11-49
11-50
11-50
11-50
11-50
11-52
11-53
11-53
11-54
11-54
11-56
11-57
11-58
11-59
11-60
11-60
11-62
11-63
11-63
11-63
11-63
11-63
11-63
11-63
11-63
11-65
11-66
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Mnemonic

Id

Ida
Idib
Idis

1dl
1dob
Idos
ldq

1dt
logbnr
logbnrl
logepr
logeprl -
logr
logrl
mark
modac
modi
modify
modpc
modtc
mov
movl
movq
movr
movre
movrl
movt
muli
mulo
mulr
mulrl
nand
nor
not
notand
notbit
notor
or
ornot
remi
remo
remr
remrl
ret
rotate
roundr

\

. Operands

src,
src
src,
src,
sre,
src,
src,
src,
‘src,
src,
src,
srcl,
srcl,
srcl,
srcl,

mask,
srcl,
mask,
src
mask,
src,
src,
src,
src,
src,
src,
src,
srcl,
srcl,
srcl,
srcl,
srcl,
srcl,
sre,
src, -
bitpos,
srcl,
srcl,
srcl,
srcl,
srcl,
srel,
srcl,

len,
sre,

dst
dst
dst
dst
dst
dst
dst
dst
dst
dst
dst
src2,
src2,
src2,
src2,

src,
src2,
src,
mask,
src,
dst
dst
dst
dst
dst
dst
dst
sre2,
sre2,
src2,
sre2,
sre2,
sre2,
dst
dst
src,
src2,
src2,
src2,
src2,
src2,
src2,
src2,

src,
dst

dst
dst
dst
dst

dst
dst
srcldst
srcldst
dst

dst
dst
dst
dst
dst
dst

dst
dst
dst
dst
dst
dst
dst
dst

dst

A-4

Opcode

90
8C
Co
C8
98

650
655
654
5CC
5DC
SFC
6C9
6E9
6D9
SEC
741
701
78C
79C
S8E
588
S58A
584
580
58D
587
58B
748
708
683
693
0A
59D
68B

Inst. Type Page

MEM
MEM
MEM
MEM
MEM
MEM
MEM
MEM
MEM
REG
REG
REG
REG
REG
REG
REG
REG
REG
REG
REG
REG
REG
REG
REG
REG
REG
REG
REG
REG
REG
REG
REG
REG
REG
REG
REG
REG
REG
REG
REG
REG
REG
REG
REG
CTRL
REG
REG

11-67
11-69
11-67
11-67
11-67
11-67
11-67
11-67
11-67
11-70
11-70
11-72
11-72.
11-75

- 11-75

11-78
11-79
11-80
11-81
11-82
11-84
11-85
11-85
11-85
11-86
11-86
11-86
11-85
11-88
11-88
11-89
11-89
11-91
11-92
11-93
11-93
11-94
11-95
11-96
11-96
11-97
11-97
11-98
11-98
11-101
11-103
11-104
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Mnemonic Operands Opcode Inst. Type Page

roundrl src, dst 69B REG 11-104
scaler srcl, src2, dst 677 REG 11-105
scalerl srcl, src2, dst 676 REG 11-105
scanbit src, dst 641 REG 11-107
scanbyte srcl, src2 5AC REG 11-108
setbit bitpos, src, dst 583 REG 11-109
shli len, src, dst 59E REG 11-110
shlo len, sre, dst 59C REG 11-110
shrdi len, src, dst 59A REG 11-110
shri len, src, dst 59B REG 11-110
shro len, src, dst 598 REG 11-110
sinr src, dst 68C REG 11-112
sinrl src, dst 69C REG 11-112
spanbit sre, dst 640 REG 11-114
sqrtr src, dst 688 REG 11-115
sqrtrl sre, dst 698 REG 11-115
st src, dst 92 MEM 11-117
stib src, dst C2 MEM 11-117
stis src, dst CA MEM 11-117
stl src, dst 9A MEM 11-117
stob src, dst 82 MEM 11-117
stos src, dst 8A MEM 11-117
stq src, dst B2 MEM 11-117
stt src, dst A2 MEM 11-117
subc srcl, src2, dst 5B2 REG 11-119
subi srcl, src2, dst 593 REG 11-120
subo srcl, src2, dst 592 REG 11-120
subr srcl, src2, dst 78D REG 11-121
subri srcl, src2, dst 79D REG 11-121
syncf 66F REG 11-123
synld src, dst 615 REG 11-124
synmov dst, src 600 REG 11-126
synmovl dst, src 601 REG 11-126
synmovq dst, src 602 REG 11-126
tanr src, dst 68E REG 11-129
tanrl sre, dst 69E REG 11-129
teste dst 22 COBR 11-131
testg dst 21 COBR 11-131
testge dst 23 COBR 11-131
testl dst 24 COBR 11-131
testle dst 26 COBR 11-131
testne dst 25 COBR 11-131
testno dst 20 COBR 11-131
testo dst 27 COBR 11-131
xnor srcl, src2, dst 589 REG 11-133
xor srcl, src2, dst 586 REG 11-133
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Instruction List by Opcode

Opcode

08
09
0A
0B
10
11
12
13
14
15
16
17
18
19
1A
1B
1C
1D
1E
1F
20
21
22
23
24
25
26
27
30
31
32
33
34

Inst. Type

CTRL
CTRL
CTRL
CTRL
CTRL
CTRL
CTRL
CTRL
CTRL
CTRL
CTRL
CTRL
CTRL
CTRL
CTRL
CTRL
CTRL
CTRL
CTRL
CTRL
COBR
COBR
COBR
COBR
COBR
COBR
COBR
COBR
COBR
COBR
COBR
COBR
COBR
COBR
COBR
COBR
COBR
COBR
COBR
COBR
COBR
COBR
COBR
COBR
MEM

Mnemonic

b

call

ret

bal

bno

bg

be

bge

bl

bne

ble

bo
faultno
faultg
faulte
faultge
faultl
faultne
faultle
faulto
testno
testg
teste
testge
testl
testne
testle
testo
bbe
cmpobg
cmpobe
cmpobge
cmpobl
cmpobne
cmpoble
bbs
cmpibno
cmpibg
cmpibe
cmpibge
cmpibl
cmpibne
cmpible
cmpibo
1dob

Operands

targ
targ

targ
targ
targ
targ
targ
targ
targ
targ
targ

dst
dst
dst
dst
dst
dst
dst
dst
bitpos,
srcl,
srcl,
srcl,
srcl,
srcl,
srcl,
bitpos,
srcl,
srcl,
srcl,
srcl,
srcl,
srcl,
srcl,
srcl,
src,

A-6

src,
src2,
src2,
src2,
src2,
src2,
src2,
src,

src2,
src2,
src2,
src2,
src2,
src2,
src2,
sre2,
dst

targ
targ
targ
targ
targ
targ
targ
targ
targ
targ
targ
targ
targ
targ
targ
targ

Page

11-18
11-25
11-101
11-16
11-22
11-22
11-22
11-22
11-22
11-22
11-22
11-22
11-63
11-63
11-63
11-63
11-63
11-63
11-63
11-63
11-131
11-131
11-131
11-131
11-131
11-131
11-131
11-131
11-20
11-18
11-42
11-42
11-42
11-42
11-42
11-20
11-42
11-42
11-42
11-42
11-42
11-42
11-42
11-42
11-67
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Opcode Inst. Type Mnemonic Operands Page
82 MEM stob src, dst 11-117
84 MEM bx targ 11-18
85 MEM balx targ, dst 11-16
86 MEM callx targ 11-29
88 MEM Idos src, dst 11-67
8A MEM stos sre, dst 11-117
8C MEM Ida src dst : 11-69
90 MEM Id src, dst 11-67
92 MEM st sre, dst 11-117
98 MEM 1d1 sre, dst 11-67
9A MEM stl src, dst 11-117
A0 MEM 1dt src, dst 11-67
A2 MEM stt src, dst 11-117
BO MEM ldq src, dst 11-67
B2 MEM stq src, dst 11-117
CO MEM Idib src, dst 11-67
C2 MEM stib src, dst 11-117
C8 MEM Idis sre, dst 11-67
CA MEM stis src, dst 11-117
580 REG notbit bitpos, sre, dst 11-94
581 REG and srcl, src2, dst 11-11
582 REG andnot srcl; src2, dst 11-11
583 REG setbit bitpos, src, dst 11-109
584 REG notand src, dst 11-93
586 REG xor srcl, src2, dst 11-133
587 REG or srcl, src2, dst 11-96
588 REG nor srcl, sre2, dst 11-92 -
589 REG xnor srcl, src2, . dst 11-133
58A REG not src, dst 11-93
58B REG ornot srcl, src2, dst 11-96
58C REG clrbit bitpos, sre, dst 11-34
58D REG notor srcl, src2, dst 11-95
58E REG nand srcl, src2, dst 11-91
58F REG alterbit bitpos, sre, dst 11-10
590 REG addo srel, src2, dst 11-7
591 REG addi srcl, src2, dst 11-7
592 REG subo srel, src2, dst 11-120
593 REG subi srcl, src2, dst 11-120
598 REG shro len, sre, dst 11-110
59A REG shrdi len, src, dst 11-110
59B REG shri len, src, dst 11-110
59C REG shlo len, src, dst 11-110
59D REG rotate len, src, dst 11-103
S9E REG shli len, src, dst 11-110
5A0 REG cmpo srcl, src2 11-35
5A1 REG cmpi srcl, src2 . 11-35
5A2 REG concmpo srcl, src2 11-45
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Opcode Inst. Type Mnemonic Operands Page
5A3 . REG concmpi srcl, src2 11-45
5A4 REG cmpinco srcl, sre2, dst 11-37
SAS REG cmpinci srcl, src2, dst 11-37
5A6 REG cmpdeco srcl, sre2, dst 11-36
S5A7 REG cmpdeci srcl, sre2, dst 11-36
S5AC REG scanbyte srcl, src2 11-108
SAE REG chkbit bitpos, src 11-31
5B0 REG addc srcl, src2, dst 11-6
5B2 REG subc srcl, src2, dst 11-119
5CC REG mov src, dst 11-85
5DC REG movl src, dst 11-85
5EC REG movt src, dst 11-85
SFC REG movq src, dst 11-85
600 REG synmov dst, src 11-126
601 REG synmovl dst, src 11-126
602 REG synmovq dst, src 11-126 -
610 REG atmod src, mask, srcldst 11-15
612 REG atadd srcldst, sre, dst 11-12
615 REG synld src, dst 11-124
640 REG spanbit src, dst 11-114
641 REG scanbit src, dst 11-107
642 REG daddc srcl, src2, dst 11-52
643 REG dsubc srcl, src2, dst 11-57
644 REG dmovt src, dst 11-56
645 REG modac mask, sre, dst 11-79
650 REG modify mask, sre, srcldst 11-81
651 REG extract bitpos, len, srcldst 11-62
654 REG modtc mask, src, dst 11-84
655 REG modpc mask, srcldst 11-82
660 REG calls targ 11-27
66B REG mark 11-78
66C REG fmark 11-66
66D REG flushreg 11-65
66F REG syncf 11-123
670 REG emul srcl, src2, dst 11-59
671 REG ediv srcl, src2, dst 11-58
674 REG cvtir src, dst 11-49
675 REG cvtilr src, dst 11-49
676 REG scalerl srcl, src2, dst 11-105
677 REG scaler srcl, sre2, dst 11-105
680 REG atanr srcl, src2, dst 11-13
681 REG logepr srcl, sre2, dst 11-72
682 REG logr srcl, src2, dst 11-75
683 REG remr srcl, src2, dst 11-98
684 REG cmpor srcl, src2 11-38
685 REG cmpr srcl, src2 11-40
688 REG sqrtr src, dst 11-115
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Opcode Inst. Type Mnemonic Operands Page
689 REG expr src, dst 11-60
68A REG logbnr . src, : dst 11-70
68B REG roundr src, dst 11-104
68C REG sinr src, dst 11-112
68D REG cosr src, dst 11-46
68E REG tanr src, dst ' 11-129
68F REG classr src 11-32
690 REG atanrl srcel, src2, dst 11-13
691 REG logeprl srcl, src2, dst 11-72
692 REG logrl srcl, src2, dst 11-75
693 REG remrl srcl, src2, dst 11-98
694 REG cmporl srcl, src2 11-38
695 REG cmprl srcl, src2 11-40
698 REG sqrtrl src, dst 11-115
699 REG exprl src, dst 11-60
69A REG logbnrl src, dst 11-70
69B REG roundrl src, dst 11-104
69C REG sinrl src, dst 11-112
69D REG cosrl src, dst 11-46
69E REG tanrl sre, dst 11-129
69F REG classrl src 11-32
6CO REG - cvtri src, dst 11-50
6C1 REG cvtril src, dst 11-50
6C2 REG cvtzri sre, dst 11-50
6C3 REG cvtzril src, dst 11-50
6C9 REG movr src, dst 11-86
6D9 REG movrl sre, dst 11-86
6E2 REG cpysre srcl, src2, dst 11-48
6E3 REG cpyrsre srel, src2, dst 11-48
6E9 REG movre src, dst 11-86
701 REG mulo srcl, src2, dst 11-88
708 REG remo srcl, src2, dst 11-97
70B REG divo srcl, src2, dst 11-53
741 REG muli srcl, src2, dst 11-88
748 REG remi srcl, src2, dst 11-97
749 REG modi srcl, src2, dst 11-80
74B REG divi srcl, src2, dst 11-53
78B REG divr srcl, src2, dst 11-54
78C REG mulr srcl, src2, dst 11-89
78D REG subr srcl, src2, dst 11-121
78F REG addr srcl, src2, dst 11-8
79B REG divrl srcl, src2, dst 11-54
79C REG mulrl srcl, src2, dst 11-89
79D REG subrl srcl, src2, dst 11-121
T9F REG addrl srcl, src2, dst 11-8



intel

INSTRUCTION AND DATA STRUCTURE QUICK REFERENCE

SUMMARY OF SYSTEM DATA STRUCTURES

The following pages provide a collection of the system data structures presented in this
manual. They are are grouped by function. The chapter reference below each data structure

shows where in this manual this data structure is described.

Execution Environment

T

2

J L

' RESERVED
(INITIALIZE TO 0)

L—(OND"‘ION CODE

ARITHMETIC STATUS
INTEGER OVERFLOW FLAG

INTEGER OVERFLOW MASK

NO IMPRECISE FAULTS

FLOATING OVERFLOW FLAG

FLOATING UNDERFLOW FLAG

FLOATING INVALID-OP FLAG

FLOATING ZERO-DIVIDE FLAG

FLOATING INEXACT FLAG

FLOATING OVERFLOW MASK

FLOATING UNDERFLOW MASK

FLOATING INVALID-OP MASK

FLOATING ZERO-DIVIDE MASK

FLOATING INEXACT MASK

FLOATING-POINT NORMALIZING MODE

FLOATING-POINT ROUNDING CONTROL

Figure A-1: Arithmetic Controls (Chapter 3)
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FLOATING-POINT
REGISTERS

g0
REGISTERS g0 THROUGH g14
CONTENTS OF AVAILABLE FOR GENERAL USE Rgé'OS_Br?I’iS
GLOBAL AND
FLOATING-POINT
REGISTERS
PRESERVED
ACROSS
PROCEDURE
BOUNDARIES
g1s FRAME POINTER (FP)
fp0 |
AVAILABLE FOR GENERAL USE
fp3 I
r0 PREVIOUS FRAME POINTER (PFP)
r STACK POINTER (SP)
r2 | RETURN INSTRUCTION POINTER (RIP)
NEW SET OF
LOCAL LOCAL
REGISTERS REGISTERS
AF%QCEQZE.{D REGISTERS r4 THROUGH r15
PROCEDURE AVAILABLE FOR GENERAL USE
r15

Figure A-2: Registers Available to a Single Procedure (Chapter 3)

A-11




intel  INSTRUCTION AND DATA STRUCTURE QUICK REFERENCE

PFP |P|RRR| r0 <«=— n+0
SP rl ——
RIP r2
PREVIOUS \
FRAME STACK
GROWTH
r1s
OPTIONAL VARIABLES
<€ n+64 STACK
GROWS
FROM LOW
ADDRESSES
TO HIGH
ADDRESSES
PREVIOUS FRAME POINTER (PFP) |P|RRR]| ro —— <———|
STACK POINTER (SP) M —
RETURN INSTRUCTION POINTER (RIP) r2 THE CURRENT FRAME
POINTER (FP) STORED
IN g15 POINTS TO
THIS WORD IN THE
STACK.
CURRENT
FRAME
r15
-

Figure A-3: Procedure Stack Structure (Chapter 4)
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Processor Management

31 2120

EXECUTION MODE
RESUME

TRACE-FAULT PENDING
STATE

PRIORITY

INTERNAL STATE

RESERVED ( INITIALIZE TO 0)

Figure A-4: Process Controls (Chapter 7)
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CHECK-SUMWORDS  FHYSICAL

RESERVED ( INITIALIZE TO 0)

m PRESERVED

SYSTEM ADDRESS TABLE (SAT) OFFSET

12

INTERRUPT TABLE POINTER | 20

24

INTERRUPT STACK POINTER

0000 027F1¢ 2
0000 027F¢ 36
FAULT TABLE POINTER 40
0000 000046 7]

SCRATCH SPACE

INITIALIZATION CODE

Figure A-5: Initial Memory Image (Chapter 7)
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Interrupt Handliﬁg
31 0
PENDING PRIORITIES 0
: a
3 PENDING INTERRUPTS S

32

ENTRY 8 36  (VECTORS)

ENTRY 9 40  (VECTOR 9)

ENTRY 10 43 (VECTOR 10)
(vecn.m 243)

ENTRY 252 1012
ENTRY 255. . 1024
PROCEDURE ENTRY FORMAT
31 210
| INSTRUCTION POINTER |o]o]

RESERVED ( INITIALIZE TO 0)

(VECTOR 244)

(VECTOR 247)
(VECTOR 248)
(VECTOR 249)

(VECTOR 251)
(VECTOR 252)

(VECTOR 255)

Figure A-6: Interrupt Table (Chapter 8)
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LOCAL, SUPERVISOR, OR INTERRUPT STACK

'

RESERVED

'

*1f the interrupt is serviced while the processor is working on another
interrupt procedure, the new stack pointer (NSP) will be the same as
the SP.

3 0
STACK FP
GROWTH REGISTER SAVE AREA
FOR CURRENT FRAME S
ADDITIONAL VARIABLES !
AND PADDING AREA S
(OPTIONAL)
l P
INTERRUPT STACK
31 7 0
NSP*
PADDING AREA 4
STACK
GROWTH
L RESUMPTION RECORD !
FOR SUSPENDED INSTRUCTION S  INTERRUPT
(OPTIONAL) RECORD
SAVED PROCESS CONTROLS NFP-16
SAVED ARITHMETIC CONTROLS NFP-12
VECTORNUMBER |NFP-8
NEW FRAME NFP

Figure A-7: Interrupt Record on Stack (Chapter 8)
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IACs
31 2423 1615 0
MESSAGE TYPE FIELD 1 FIELD 2
FIELD 3 , 4
FIELD 4
'FIELD 5 12
Figure A-8: |AC Message Format (Chapter 13)
Fault Handling

FAULTDATA

PROCESS CONTROLS ‘ 32

ARITHMETIC CONTROLS 36
40

FAULT FLAGS l FAULT TYPE FAULT SUBTYPE
ADDRESS OF FAULTING INSTRUCTION 44

RESERVED

Figure A-9: Fault Record (Chapter 9)
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TRACE FAULT ENTRY

OPERATION FAULT ENTRY

ARITHMETIC FAULT ENTRY

FLOATING-POINT FAULT ENTRY

CONSTRAINT FAULT ENTRY

PROTECTION FAULT ENTRY

MACHINE FAULT ENTRY

TYPE FAULT ENTRY

31 LOCAL PROCEDURE FAULT-TABLE ENTRY 210

FAULT-HANDLER PROCEDURE ADDRESS

104
112
120

252

3 SYSTEM-PROCEDURE-TABLE FAULT-TABLE ENTRY 210

FAULT-HANDLER PROCEDURE NUMBER [1]o

0000027F,

RESERVED ( INITIALIZE TO 0)

n+4

Figure A-10: Fault Table and Fault-Table Entries (Chapter 9)
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Trace Control

31

~

3222120191817 76543210

INSTRUCTION
TRACE MODE

BRANCH TRACE MODE
CALL TRACE MODE
RETURN TRACE MODE
PRERETURN TRACE MODE
SUPERVISOR TRACE MODE
BREAKPOINT TRACE MODE
INSTRUCTION TRACE EVENT
BRANCH TRACE EVENT
CALL TRACE EVENT
RETURN TRACE EVENT
PRERETURN TRACE EVENT
SUPERVISOR TRACE EVENT
BREAKPOINT TRACE EVENT

RESERVED ( INITIALIZE TO 0)

Figure A-11: Trace Controls (Chapter 10)
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APPENDIX B
MACHINE-LEVEL INSTRUCTION FORMATS

This appendix describes the machine-level format for 80960KB instructions. Included is a
description of the four instruction formats and how the addressing modes relate to these
formats. Also, a table is given that shows the relationship between the machine-level instruc-
tion operands and the assembly-language-level instruction operands.

GENERAL INSTRUCTION FORMAT

At the machine-level, all the 80960KB instructions are one word long and begin on word
boundaries. (One group of instructions allows a second word, which contains a 32-bit
displacement.) '

There are four basic instruction formats: REG, COBR, CTRL, and MEM. Figure B-1 shows
these formats. Each instruction has only one format, which is defined by the opcode field of
the instruction.

31 24 23 19 18 1413 12 1110 765 4 0 REG
| OPCODE |  srRopsT | SRC2 | [ [ | opcobe [o o] SRC1 |
T t . M1
m2
M3
31 24 23 19 18 1413 12 2 10 COBR
| OPCODE | srct SRC2 [ 1 DISPLACEMENT [o o]
t M1
31 24 23 210 ‘
| OPCODE [ ' DISPLACEMENT o o] CTRL
Al 24 23 19 18 141312 11 0
| OPCODE SRUDST | ABASE | |o] OFFSET | MEMA
t MODE
31 24 23 19 18 14 13 109 7654 0 MEMB
| OPCODE | srcost | ABASE | moDE | scale [o o] iNDEX |
bmmmmm e OPTIONALOISPLACEMENT _ _ _ _ _ _ _ _ ________ k

Figure B-1: Instruction Formats

The following sections describe the fields in the instruction word for each format.
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MACHINE-LEVEL INSTRUCTION FORMATS

The REG format is for operations that are performed on data contained in the global, local, and
floating-point registers. The majority of the 80960KB instructions use this format.

The opcode for the REG instructions is 12 bits long (3 hexadecimal digits) and is split between
bits 7 through 10 and bits 24 through 31. For example, the opcode for the addi instruction is
591,¢. Here, 59, is contained in bits 24 through 31 and 1,4 is contained in bits 7 through 10.

The srcl and src2 fields specify source operands for the instruction. The operands can be
either registers or literals. The mode bits (m1 for srcl and m2 for src2) and the instruction type
(non-floating point or floating point) determine whether an operand is a register or a literal.
Table B-1 shows the relationship between the instruction type, the mode bits, and the srcl and
src2 operands.

Table B-1: Encoding of Src1 and Src2 Fields in REG Format

Inst. Type M1 or M2 Srcl or Src2 | Register Literal
Operand Number Value
Value
Non-FP 0 00000 10
01111 rl5
10000 g0
11111 gl5
1 00000 0
11111 31
FP 0 00000 r0
01111 rl5
10000 g0
11111 gl5s
1 00000 fp0
00011 fp3
00100 to reserved
01111
10000 +0.0
10001 to reserved
10101
10110 ' +1.0
10111 to reserved
11111
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For non-floating-point instructions, if a mode bit is set to 0, the respective srcl or src2 field
specifies a global or local register. If the mode blt is' set to 1, the field specifies an ordmal
literal in the range of O to 31. »

For floating-point instructions, if the mode bit is set to 0, the respective srcl or src2 field
specifies a global or local register (just as it does for non-floating-point instructions). If the
mode bit is set to 1, the field specifies either a floating-point register or one of two real-number
literals (+0.0 or +1.0). All of the other encoding when the mode bit is set to 1 are reserved.
When a reserved encoding is used as a source, the processor either signals an invalid opcode
fault or produces an undefined value.

The src/dst field can specify either a source operand or a destination operand or both, depend-
ing on the instruction. Here again, the mode bit (m3) and the instruction type (non-floating
point or floating point) determine how this field is used. Table B-2 shows this relationship.

Table B-2: Encoding of Src/Dst Field in REG Format

Inst. Type | m3 | Src/Dst | Src Only | Dst Only
Non-FP 0 g0..gl5 |g0..gl5 g0 .. gl5
10..r15 10..115 f0..rl5
1 NA Literal NA
FP 0 NA NA g0 .. gl5
10..115
1 NA NA p0 .. fp4

Note: NA means not allowed

For non-floating-point instructions, if M3 is clear, the src/dst operand is a global or local
register that is encoded as shown in Table B-1. If M3 is set, the src/dst operand can be used
only as a src operand that is an ordinal literal.

For floating-point instructions, the src/dst field is only used to encode destination operands.
Here, the encoding is the same as shown in Table B-1, except that the encodings for floating-
point literals are not allowed. That is, if M3 is clear, the destination operand is a. global or
local register; if M3 is set, the destination operand is a floating-point register. When a reserved
encoding or literal encoding is used as a destination, the processor either signals an invalid
opcode fault or produces an undefined result.

COBR FORMAT

The COBR format is used primarily for control-and-branch instructions. (The test-if instruc-
tions also use this format.) The opcode field for this format is 8 bits (two hexadecimal digits).

The srcl and src2 fields specify source operands for the instruction. The srcl field can specify
either a global or local register or a literal as determined by mode bit m1. (The encoding of the
srcl field is the same as is shown in Table B-1 for the non-floating point instructions.) The
src2 field can only specify a local or global register.
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The displacement field contains a signed, twos complement number that specifies a word
displacement. The processor uses this value to compute the address of a target instruction that
the processor goes to as the result of a comparison. The displacement field can range from -210
to (210 -1). To determine the IP of the target instruction, the processor converts the displace-
ment value to a byte displacement (i.e., multiplies the value by 4). It then adds the resultmg
byte displacement to the IP of the next instruction. .

Note

To allow labels or. absolute addresses to be used in the assembly-language version of the COBR
format instructions, the Intel 80960KB Assembler converts a farg (target) operand value in an
assembly-language instruction into the displacement value required for the COBR format, using
the following calculation:

displacement = (ttirg/4) -(IP+4)

For the test-if instructions, only the srcl field is used. Here, this field specifies a destination
global or local register (m1 is ignored).

CTRL FORMAT

The CTRL format is used for instructions that branch to a new IP, including the branch,
branch-if, bal, and call instructions. The return instruction also uses this format. The opcode
field for this format is 8 bits (two hexadecimal digits).

The instructions that use this format have no operands. The target address for a branch is
specified with the displacement field in the same manner as is done with the COBR format
instructions. Here, the displacement field s })emfles a word displacement (also a signed, twos
complement number) that can range from -24! to 22!

The processor ignores the displacement field for the return instruction.

-

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) uses this format.

There are two MEM formats, MEMA and MEMB. The MEMB format offers the option of
including a 32-bit displacement (contained in a second word) to the instruction. Bit 12 of the
first word of the instruction determines whether the format is MEMA (clear) or MEMB (set).

For both formats the opcode field is 8 bits long. The src/dst field specifies a global or local
register. For load instructions, the src/dst field 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.

B4
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The mode bit (or bits for the MEMB format) determine the address mode used for the instruc-
tion. Table B-3 summarizes the addressing modes for the two versions of the MEM format.
The fields used in these addressing modes are described in the following sections.

Table B-3: Addressing Modes for MEM Format Instructions

Format | Mode | Address Computation

Bit(s)
MEMA |0 offset
1 (abase) + offset

MEMB | 0100 (abase)

0101 (IP) + displacement + 8
0110 reserved

0111 | (abase) + (index) * 2scale
1100 | displacement

1101 (abase) + displacement
1110 | (index) * 25¢@le 4 displacement

1111 (abase) + (index) * 25¢@l€ 4 displacement

Notes:

1. In the address computations above, a field in parentheses (e.g., (abase))
indicates that the value in the specified register is used in the computation.

2. The use of a reserved encoding causes an invalid opcode fault to be signaled.

MEMA Format Addressing

The MEMA format provides two addressing modes:

e absolute offset
o register indirect with offset

The offset field specifies an unsigned byte offset from O to 4096. The abase field specifies a
global or local register that contains an address in memory. The address is interpreted as either
a virtual address or a physical address depending on whether the processor is operating in
virtual-addressing or physical-addressing mode, respectively.

For the absolute offset addressing mode (the mode bit is clear), the processor interprets the
offset field as an offset from byte 0 of the current process address space. The abase field is
ignored. Using this addressing mode along with the lda instruction allows a constant of from 0
to 4096 to be loaded into a register.

For the register indirect with offset addressing mode (the md bit is set), the value in the offset
field 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.

B-5
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MEMB Format Addressing

The MEMB format provides the following seven addressing modes:

e  absolute displacement

e register indirect

o register indirect with displacement

e register indirect with index

e register indirect with index and displacement
¢ index with displacement

o [P with displacement

The abase and index fields specify local or global registers, the contents of which are used in
the address computation. When the index field is used in an addressing mode, the processor
automatically scales the value in the index register by the amount specified in the scale field.
Table B-4 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, twos comple-
ment value.

Table B-4: Encoding of Scale Field

Scale Scale Factor
(Multiplier)
000 1
001 2
010 4
011 8
100 16
101 to 111 | reserved

Note:
The use of a reserved encoding causes
an invalid opcode fault to be signaled.

For the IP with displacement mode, the value of the displacemeht field plus 8 is added to the
address of the current instruction.
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APPENDIXC
INSTRUCTION TIMING

This appendix describes the 80960KB procéssor’s instruction pipeline and how it affects the
timing of instructions. The number of clock cycles required for each instruction are also given
here.

INTRODUCTION

The 80960 architecture defines several mechanisms for increasing processor performance
through the use of pipelining and parallel execution of instructions. This appendix describes
how these mechanisms have been incorporated into the design of the 80960KB processor and
provides information to help programmers maximize the performance of the processor.

INTERNAL STRUCTURE OF THE 80960KB PROCESSOR

The 80960KB processor is composed of the following six major functional units (shown in
Figure C-1):

e Bus Control Logic

¢ Instruction Fetch Unit and Instruction Cache

¢ Instruction Decoder

e Micro-Instruction Sequencer and ROM

o Instruction Execution Unit

¢  Floating Point Unit
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EXTENTION TO THE 80960
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Figure C-1: Block Diagram of the 80960KB Processor

These units function independently from one another, but in close cooperation. The functions
of each of these units is described in the following sections.

Bus Control Logic

The Bus Control Logic (BCL) provides the interface between the processor and the external
world. This interface consists of a multiplexed, burst bus, which is capable of memory-access
rates of over 53 Megabytes/second (with a 20 Mhz CPU clock). The BCL accepts requests
from other units within the 80960KB, prioritizes them, and executes them. It attempts to
maximize bus access efficiency through buffering and burst accesses.

The BCL provides a queuing mechanism that can buffer up to three outstanding requests at any

given time. This mechanism, coupled with other 80960KB features (such as scoreboarding,

which is discussed later), allow other units in the 80960KB to continue operation without

waiting for bus requests to be completed. As a result, the execution of most memory reference’
instructions require little or no delay in the instruction execution pipeline.

C-2
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The BCL generates burst cycles on the external bus, which allow from one to 16 bytes of data
to be read or written in a single operation. The processor takes advantage of burst transfers in
several ways. First, multiple-register load or store operations can be carried out in a single bus
operation, using the 1dl (load long), ldt (load triple), and ldq (load quad) instructions and the
corresponding stl (store long) stt (store triple), and stq (store quad) instructions. Second,
instructions can be fetched in 16-byte bursts, thereby reducing bus traffic for instruction
fetches. Third, floating-point values of 32, 64 or 80 bits can be stored in a single bus opera-
tion.

Instruction Fetch Unit and Instruction Cache

The Instruction Fetch Unit (IFU) acts as an intelligent "buffer" for the Instruction Decoder
(ID). Its purpose is to present the instruction stream to the ID in the fastest and most trans-
parent way possible. The IFU uses several mechanisms to accomplish this goal, as described
in the following paragraphs.

The IFU maintains a 512 byte, direct-mapped instruction cache. This cache allows very fast
access to instructions. While the other units in the processor are executing instructions, the
IFU looks ahead in flow of instructions stored in the instruction cache. If a cache miss is
detected (that is, an instruction that will soon be needed is not in the instruction cache), the IFU
issues a prefetch request to the BCL. Upon receiving the requested instruction, the IFU
updates the instruction cache. In most cases, this fetch and load will take place before the ID
requires the instruction. The major exception to this rule happens on branch conditions.

The IFU works closely with the ID in handling branch conditions. The ID informs the IFU of
any branch operations that are about to take place. Such notifications take place on uncon-
ditional branches and on conditional branches in which the condition code is valid. When the
IFU is notified of a branch, it checks for a cache hit on the desired instruction. If the
instruction is not present, the IFU begins fetching instructions for the new control path.

To further minimize delays in the instruction pipeline, the ID sends a special signal to the IFU
whenever instructions are required immediately. The IFU then passes the fetched instructions
to the ID directly, rather than writing them to the cache and reading them back out again. This
technique is called an instruction-cache bypassing.

The instruction pointer (IP) register in the processor and the IFU maintain several instruction
pointers. These pointers point to instructions at various stages of the fetch-decode-execute
pipeline. If a fault is signaled from any unit, the processor uses these pointers to determine the
problem and preserve the state of the processor.

Instruction Decoder
The ID decodes the instructions it receives from the IFU and routes them to the appropriate
execution units. In doing this, it attempts to keep the computing resources of the processor

working at the highest possible levels.

Instructions are decoded into the following four groups, according to how the instructions are
executed:
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o  Simple Instructions

+  Floating Point and Branch Instructions
+  Complex Instructions )

o Load and Store Instructions

The following paragraphs list the instructions in each of these groups and describe how the ID
handles them.

Simple Instructions

The instructions in the simple-instruction group require very little decoding. These instructions
include logical; comparison; shift; integer add and subtract; and ordinal add and subtract
instructions. The ID decodes these instructions and passes them to the instruction execution
unit (IEU), where they are executed, usually in a single clock period. »

Floating Point and Branch Instructions

All floating-point instructions are executed by the floating-point unit (FPU). Often, the execu-
tion of floating-point instructions requires interaction between the FPU, ID, and Micro-
Instruction Sequencer (MIS). For example, the FPU may require access to the general-purpose
registers (maintained by the IEU). Here, the ID assists in supplying data to the FPU. Also,
many of the floating-point instructions are executed by means of microcode. The FPU gets the
microcode from the MIS.

The ID executes branch instructions directly. If the branches are unconditional, no interaction
with the processor’s other execution units is required.

On conditional branch instructions, the ID uses a condition code scoreboard to streamline the
branching process. Scoreboarding is a mechanism by which various resources within the
processor can be marked as in use (or pending a result). When one of the execution units in
the processor is in the process of altering the condition code, it marks the condition code
scoreboard. When the ID prepares to execute a conditional branch instruction, it checks the
condition code scoreboard. If the scoreboard is marked as in use, the ID waits for the result
before proceeding. If the condition code scoreboard is clear, the ID signals the IFU im-
mediately if a change in program flow is about to happen.

Conditional fault instructions (fault-if instructions) are also executed in the ID. These opera-
tions differ from conditional branches in that they result in a fault event being generated,
followed by an implicit call to the appropriate fault-handler routine.

As a result of the pipelining described above, branches can often be carried out in zero clock
cycles: For example, the branch instruction (b) shown below will execute in zero cycles, since
the branch time is overlapped completely by the execution time of the floating-point instruction
(sinr). :

c-4
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sinr g0, gl
b some_location

some_location:
mov gl,g2

The branch-if instruction (be) in the following example is also executed in zero cycles:

cmp 0x10, r9
divi rl0, rll, rl0
be go_here

go_here:
mov gl,g2

Here, the comparison instruction (cmp) is placed early in the instruction stream, allowing the
branch condition based on the value of r9 to take place while the integer divide instruction
(divi) is being executed.

Complex Instructions

Complex instructions are those that are executed using one or more microcode instructions.
Examples of such instructions are the flushreg (flush local registers), mark, and fmark (force
mark) instructions. The ID decodes complex instructions and forwards them to the MIS unit.
The MIS then sends the equivalent microcode to the IEU.

Load and Store Instructions

Load and store instructions are those that request data to be read from or written into memory.
The ID sends these instructions directly to the BCL, which executes them.

The ID is responsible for converting the addressing information encoded in load, store, branch,
and call instructions into an effective memory addresses. The circuitry that actually performs
effective-address calculations resides in the IFU, but the ID oversees these operations. The
generation of effective addresses is performed within a separate carry look-ahead adder, used
with hardware shift logic. The ability to calculate effective addresses independently from
instruction execution allows address calculation to be overlapped with computation. The time
required to calculate an effective address ranges from zero to four cycles; but, for the most
commonly used addressing modes, this time is less than two cycles.

Instructions that require effective addresses are executed by either the ID or the BCL, thus
preserving the pipeline and eliminating delays or resource constraints on the IEU or FPU.
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Micro-Instruction Sequencer and ROM

The MIS is a multipurpose unit designed to help in the execution of instructions that use
microcode. All of the processor’s microcode is stored in ROM, which is accessed through the
MIS. When the ID receives a complex instruction (one that requires microcode to be
executed), the MIS supplies the microcode to the IEU as described earlier in the discussion of
complex instructions. ‘

The MIS also supplies microcode for floating-point instructions; the power-up and self-test
performed during processor initialization; interrupt handling; and fault handling.

Instruction Execution Unit

The IEU contains the Arithmetic Logic Unit (ALU) and the mechanism for register and
condition-code scoreboarding. It also manages the 16 global registers and the 4 sets of 16 local
registers.

The ALU performs the following functions for the IEU:

e Addition and subtraction of integers and ordinals
e Moves between registers

o Logical operations

e  Bit operations

o Shifts and rotates

o Comparisons

It is capable of performing any of these operations in a single clock cycle.

The IEU can also work with integer literals in the range of -16 to +31, which are encoded in
the REG instruction format. This method of encoding literals performs two functions. First, it
provides a more compact instruction stream. Second, when a literal is used as an argument for
an instruction, the IEU is able to execute the instruction in one less clock cycle.

The IEU handles the reading and writing of global and local registers. It also handles the
allocation of local registers sets on procedure calls. The IEU allocates a new set of local
registers on each procedure call. If all four register sets become allocated, the IEU automati-
cally flushes the oldest frame to the stack on the next procedure call. The IEU also automati-
cally retrieves any local register frame from the stack when required by a return operation. The
majority of procedure calls or returns do not require the processor to flush local registers to
memory. Call instructions that can be executed without flushing a register set require only 9
cycles to complete, with the corresponding return taking only 7 cycles.

The register scoreboard provides scoreboarding for the global and local registers. When, one
or more registers are being used in an operation, they are marked as in use. The register
scoreboarding mechanism allows the processor to continue executing subsequent instructions,
as long as those instructions do not require the contents of the scoreboarded registers.

Cc-6
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A typical event that would cause scoreboarding is a load operation. For a load from memory,
the contents of the affected registers are not valid until the BCL fetches the data and the
registers are loaded. For example, consider the sequence:

1d g0, (gl)

addi g2, g3, g4
addi g5, g4 ,g6
subi g0, g6, g6

Here, when the BCL initiates the 1d operation, register g0 is scoreboarded. As long as sub-
sequent instructions do not require the contents of g0, the ID continues to dispatch instructions.
For example, the two addi instructions above are executed while the BCL is fetching the data
for g0. If g0 is not loaded by the time the subi instruction is ready to be executed, the IEU
delays execution of the instruction until the loading of g0 has been completed.

If an operation accesses a single register, only that register is scoreboarded. However, if
multiple registers are accessed (such as, with the 1dl, lit, or ldq instructions), registers are
scoreboarded as shown in Table C-1, according to the base register of the the group being
accessed.

Table C-1: Registers Scoreboarded According to Registers Referenced

Base Register Block of Registers
Accessed Scoreboarded
g0 0-3
g2 0-3
g4 0-7
g6 0-7
g8 8-11
glo 8-11
gl2 12-15
gl4 12-14

Instruction Execution Unit Performance Enhancements

The execution times of instructions in the IEU are dependent on the instruction flow. Two
features in the IEU that can enhance the performance of instruction execution are:

e Register Bypassing
e Condition Code Scoreboarding

Register Bypassing. Register bypassing is a mechanism that allows an instruction that would
ordinarily require source operands to be placed in registers to be executed without accessing
one or both of the source registers. Register bypassing occurs in either of two circumstances.
First, when the IEU executes an instruction with two source operands, register bypassing
occurs if one or both of the operands are literals. Second, register bypassing will also occur
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when the second of two source operands is the result of the previous instruction. The net result
of register bypassing is the saving of one clock cycle. Most instructions that the IEU executes
can be executed in a single cycle when register bypassing occurs.

Condition Code Scoreboarding. The processor requires one clock cycle to set the condition
code bits as the result of an instruction. If one of the instructions that follows depends on the
condition code, condition-code scoreboarding can be used to save one cycle of execution time.
The following example illustrates this technique:

Case 1 — 5 cycles

addc r4, r5, rl0
mov gl0, gl2
addc ro, r7, rll

Case 2 — 6 cycles

addc r4, r5, rl0
addc r6, r7, rll
mov gl0, glz2

Here, both Case 1 and Case 2 accomplish the same task. However, Case 2 requires a wait of
one clock cycle between the first and second addc instruction, while the condition code is set.
Case 1, on the other hand, takes advantage of condition code scoreboarding by executing the
move (mov) instruction while the condition code is being set. The code in Case 1 thus
executes one clock cycle faster than the code in Case 2.

Floating Point Unit

The FPU performs all the floating-point computations for the processor, as well as the integer
multiply and divide operations. It also manages the four 80-bit floating-point registers, which
it uses for extended-precision, floating-point calculations.

The FPU shares the resources of the processor. For example, it can use the global and local
registers as operands for floating-point operations. It also gets microcode for the execution of
complex floating-point instructions from the MIS.

To perform integer multiplication and several floating-point calculations, the FPU contains a
32-bit integer Booth-Multiplier. This multiplier performs integer multiplication operation in a
variable amount of time, depending on the number of significant bits. It is used for integer
multiplications and several floating-point calculations.

EXECUTION TIMES

The following section describes the execution times that can be expected for the various
instructions in the 80960KB processor. As illustrated in the previous sections of this appendix,
the execution time for each instruction can vary considerably, for two reasons. First, many
instructions can vary in execution time, depending on their arguments and the state of the
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on-chip resources being used. Second, by taking advantage of pipelining and overlapping of
operations, a program can be written in which some instructions, in effect, take no clock cycles
to execute.

In the following discussion of instruction timing, the execution time of an instruction is defined
as the time between the beginning of actual execution of a decoded instruction and the begin-
ning of execution for the next decoded instruction. For example, the illustration in Figure C-2
shows the execution time of a two operand instruction to be two clocks, with respect to the
next instruction to be executed.

FIRST INSTRUCTION
FETCH DECODE | EXECUTE sre2 RESULT
srcl
M
EXECUTION TIME
SECOND INSTRUCTION
FETCH DECODE WAIT EXECUTE | RESULT

Figure C-2: Execution Time of an Instruction

Execution times for the 80960 Architecture Instructions

The following paragraphs show the instruction times for the instructions defined in the 80960
architecture.

Logical instructions

The timing of the logical instructions depends on the IEU bypass mechanism described earlier
in this appendix, in particular for any instruction of the form:

alu_instruction srcl, src2, dst
If srcl or src2 is a literal or if src2 is the result of the previous operation, a bypass hit occurs.
Otherwise, there is no bypass hit and the instruction requires an extra clock to load the second

operand. Table C-2 shows the timing of the logical instructions depending on whether or not a
bypass hit occurs.

Note

In all the following tables, execution time is given in number of clock cycles.
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Bit Instructions

The execution times for the bit instructions are also dependent on whether or not a register

Table C-2: Logical Instruction Timing

Instruction

Normal Case
Execution Time
(Bypass Hit)

Worst Case
Execution Time
(Bypass Miss)

and

1

nand

or

nor

Xxor

xnor

andnot

notand

not

notor

ornot

rotate

shlo

shro

shli

shri

shrdi

Nl =] === m=mm=m =m == =] =

W IWIWIN[N|ININDIN=ININININININININ

bypass has occurred or not, as is shown in Table C-3.

Table C-3: Bit Instruction Timing

Instruction Normal Case Worst Case
Execution Time | Execution Time
(Bypass Hit) (Bypass Miss)
notbit 2 3
setbit 2 3
clrbit 2 3
alterbit 2 3
chkbit 2 3
extract 7 7
modify 8 8
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The execution times of the scanbit and spanbit instructions (shown in Table C-4 depend on
condition code scoreboarding. If the condition code is not set by the previous instruction
execution, the instruction will complete in one less clock cycle. Execution time is also depend-
ent on the number of bits operated upon.

Table C-4: Scan and Span Bit Instruction Timing

Instruction Best Case Normal Case Worst Case
Execution Time | Execution Time | Execution Time
scanbit 8 11 14
spanbit 8 11 14

Register Moves

The timing of instructions that move data between registers is directly related to the number of
words moved. One clock cycle is required to move one (as shown in Table C-5).

Table C-5: Move Instruction Timing

Instruction Execution Time
mov 1
movl 2
movt 3
movq 4

Integer and Ordinal Arithmetic

The execution times for the basic add, subtract, and comparison instructions (as shown in
Table C-6) depend on register bypass. The normal-case results are achieved when a register
bypass occurs.
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Table C-6: Integer and Ordinal Arithmetic Instruction Timing

Instruction Normal Case Worst Case
Execution Time | Execution Time
(Bypass Hit) (Bypass Miss)
addo 1 2
addi 1 ‘ 2
subo 1 2
subi 1 2
cmpo 1 2
cmpi 1 2
cmpinco 2 3
cmpdeco 2 3
cmpinci 2 3
cmpdeci 2 3

The execution times for the add. and subtract with carry and conditional compare instructions
(shown in Table C-7) depend on condition code scoreboarding. If the instruction executed
prior to any of these instructions sets the condition code (CC), the worst case instruction
execution time occurs; if an instruction is inserted between the ‘instruction that sets the con-
dition code and one of the instructions listed in Table C-7, the instruction is executed in the
normal case time.

Table C-7: Add/Subtract With Carry, Conditional Compare Instruction Timing

Instruction Normal Case -Worst Case
Execution Time Execution Time
, (CC Available) (CC Not Available)
addc 1 2
subc 1 2
subi 1 2
concmpi 1 2

Multiply and Divide Instructions

Table C-8 shows the typical instruction execution times for the multiply and divide instruc-
tions:
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Table C-8: Multiply and Divide Instruction Timing

Instruction Range of Typical Case
Significant Bits | Execution Time
mulo 9021 18
muli 91021 18
divi 37 37
divo 37 37
remo 37 37
remi 37 37
modi 37 37
emul 37 24
ediv 37 40

Since the processor contains a Booth Multiplier with early out, the execution times on the
multiply and divide instructions (shown in Table C-8) depend on the number of significant bits
in the srcl operand. For example, Table C-9 shows the execution times based on the number
of significant bits in srcl:

Table C-9: Multiply/Divide Execution Times Based on Significant Bits

Srcl Significant Bits Execution Time
2 9
4 10
8 11
32 21

Note that the shift instructions or the add and subtract instructions may be faster than the
multiply instructions in certain instances (for example, when multiplying by 3, 5, 15, etc.).

Branching

Branch instructions are executed directly by the ID and do not require IEU or FPU resources.
Because of this, branch instructions can in most cases be programmed so that their execution is
overlapped with other operations. Table C-10 lists the ranges of times for execution of branch
instructions, from best (maximum overlap) to worst (no overlap). (The instructions in capital
letters indicate groups of instructions that branch on condition codes, such the BRANCH IF
instructions, be, bg, bl, etc.)
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Table C-10: Branch Instruction Timing

Instruction Best Case Worst Case
Execution Time Execution Time
(CC Available) (CC Not Available)
b 0to2(0to2) 0to2(0to?2)
BRANCH IF 0to2(0to1) 0to3(0to?2)
bx 0to 6 (0to6) 0to6(0to6)
BRANCH AND 2to 8 (20 8) 2to 8 (2to 8)
LINK
COMPARE AND 3to5(Bto4) 3to5(3to4)
BRANCH
TEST IF 0to3(0to2) 0to4(0to 3)
FAULT IF 0to2(0to1) 0to3(0to?2)

The second column of numbers lists execution-time ranges for conditional branches in which
the condition code was not set in the previous instruction, and the third column lists ranges for
branches in which the condition code was set by the previous instruction. Also, the first range
in each column is for the case in which the branch is taken, and the range in parentheses is for
the case in which the branch is not taken.

When writing optimized code for the 80960KB processor, it is best to perform conditional tests
at least one instruction before a conditional branch. This practice allows the execution times in
column two to be achieved. It is also important to note that the "not taken" branch case
executes in one less cycle, because there is no break in the pipeline. (Remember, instruction
time is defined as the time from the start of execution of one instruction to the start of
execution of the next instruction. If the pipeline is stalled, the fetch of the next instruction will
be delayed one clock. This delay may or may not be hidden by the parallelism of the 80960KB
processor).

Call/Return Instructions

As described earlier in this appendix, the 80960KB processor provides four sets of local
registers. When a call instruction is executed, the processor allocates a new set of local
registers to the called procedure or interrupt routine. If, when a call or callx instruction is
executed, a set of local registers is available, the processor executes the instruction in 9 clock
cycles.

If a set of local registers is not available, the processor flushes the oldest set of registers to the
stack in memory to free up a register set. Flushing a set of local registers requires four
quad-word stores to memory. Assuming zero-wait-state memory, this operation adds 24 clocks
to the 9 clocks normally required to execute a call.

The ret (return) instruction normally requires 7 clock cycles. If the local registers being

returned to have been flushed to the stack, an additional 24 clocks must be added to this
execution time (with zero-wait-state memory) for the processor to reload the local registers
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from the stack. It is important to note that the processor only reloads the local registers when
they are required, thus eliminating unnecessary memory cycles.

Load Instructions

A load instruction requires the following steps:

Instruction Fetch

Decode

Compute Effective Address/Scoreboard Register(s)
Place Address on Bus

Wait State(s)

Receive Data on Bus

N A=

Place Data in target register

Of these steps, only steps 3 through 7 are included in the definition of execution time for an
instruction. The following figures show several examples of load instruction timing depending
on where the load instruction is placed in the instruction stream. .

The example in Figure C-3 illustrates a load instruction where the instruction that follows
requires the fetched data. Here, the pipeline is stalled while the processor waits for the load to
complete. Assuming a one-clock-cycle effective-address calculation, the load will require 4 or
5 clock cycles to be executed, depending on whether or not zero-wait-state memory is used.

PREVIOUS INSTRUCTION

DECODE EXECUTE

Id INSTRUCTION

EFFECTIVE | ADDRESS DATA ON DATAIN
FETCH DECODE ADDRESS ON BUS WAIT BUS REGISTER
4 'Y
N 14
EXECUTION TIME

INSTRUCTION USING Id RESULT

FETCH DECODE EXECUTE RESULT

Figure C-3: Load Where the Next Instruction Requires the Fetched Data
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Figure C-4 gives an example of a load instruction where the instruction that follows does not
require the data being fetched from memory. Here, the unrelated instruction can be executed
while the load is being completed. The 2 clock cycles required to execute the unrelated
instruction are then overlapped with the 4 or 5 cycles required to execute the load (again
depending on whether or not zero-wait-state memory is used). The load instruction thus
requires a net of 1 or 2 clock cycles from the pipeline to be executed.

PREVIOUS INSTRUCTION

DECODE EXECUTE

Id INSTRUCTION

EFFECTIVE | ADDRESS DATAON | DATAIN
FETCH | DECODE | L npress | onsus WAIT BUS REGISTER
4 _h

A | L4
EXECUTION TIME

UNRELATED INSTRUCTION

FETCH DECODE EXECUTE RESULT

Figure C-4: Load Where the Next Instruction Does Not Require the Fetched Data

Finally, Figure C-5 shows an example of two load instructions being executed back-to-back.
These two instructions can be executed in 5 or 6 clock cycles, as long as the number of BCL
requests is limited to 3 or less (which is the size of the output request FIFO in the BCL’s
control queue). Here, the second load is almost completely overlapped by the first load. Times
for multiple word loads will be lengthened 1 cycle plus wait states for each additional word. If
more than 3 requests become outstanding, the processor will wait until the number of outstand-
ing load operations goes below the size of the output FIFO.

FIRST Id INSTRUCTION

EFFECTIVE | ADDRESS DATA ON DATAIN
FETCH DECODE ADDRESS ONBUS WAIT BUS REGISTER

SECOND Id INSTRUCTION

EFFECTIVE | ADDRESS DATA ON DATAIN
FETCH DECODE ADDRESS ON BUS WAIT BUS REGISTER

'
L4

PN

EXECUTION TIME FOR BOTH INSTRUCTIONS

Figure C-5: Back-to-Back Load Instructions
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Store Operations

Store instructions involve a posting of an address and data request to the BCL and are usually
executed in 2 to 3 clock cycles. (They do not require register scoreboarding.) If the instruction
following a store instruction is another store instruction, the second store instruction is usually
executed in 2 clock cycles. If the following instruction uses the IEU, the execution time is 3
clock cycles. The only case in which this time will increase is when the three-request output
FIFO in the BCL becomes full. Here, if another store instruction is issued, the processor waits
for the BCL to complete its operations before other instructions can execute.

Execution times for the Extended Instructions

The following paragraphs show the execution times for those 80960KB instructions that are
extensions to the 80960 architecture.

Decimal Instructions

Table C-11 shows the instruction times for the decimal instructions.

Table C-11: Decimal Instruction Timing

Instruction Execution Time
dmovt 7

daddc 8
dsubc 8

Floating-Point Instructions

Table C-12 shows the instruction execution times for the simple floating-point instructions.
Where applicable, a range and a typical observed average are given.
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Table C-12: Simple Floating-Point Instruction Timing

Instruction Execution Time
movr . 5
movrl 5to7
movre 7to8
cpysre 8
cpyrsre 8
addr 9 to 17 (typical 10)
addrl 12 to 20 (typical 13)
subr 9 to 17 (typical 10)
subrl 12 to 20 (typical 13)
mulr 11 to 22 (typical 20)
mulrl 14 to 43 (typical 36)
divr 35
divrl 77
cmpr 10
cmprl 12
cmpor 10
cmporl 12
cvtri 25 to 33
cvtril 26 to 35
cvtilr 41to0 45
cvtilr 42 to 46
cvtzri 41 to 45
cvtzril 42 to 46
roundr 56 to 69
roundrl 56 to 70
scaler 28
scalerl 30
logbnr 32to 41
logbnrl 32t043

The instructions given in Table C-13 consist of the complex floating point instructions. Only
typical instruction execution rates are given here. In many cases, the clock count can vary by
30-40%. Execution time is dependent on the operands.
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Table C-13: Complex Floating-Point Instruction Timing

Instruction Execution Time
sqrtrl 104
expr 300
exprl 334
logepr 400
logeprl 420
logr 438
logrl 438
remr (67 to 75878)
remrl (67 to 75878)
atanr 267
atanrl 350
cosr 406
cosrl 441
tanr 293
tanrl 323

It is important to note that these floating-point instructions are interruptible. When an interrupt
is received while one of these instructions is being executed, the processor can suspend execu-
tion, service the external request, then resume execution of the instruction.
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APPENDIX D
INITIALIZATION CODE

This appendix provides an example of the initialization code required to initialize the 80960KB
processor.

OVERVIEW

The code given in this appendix demonstrates one of the methods that can be used to initialize
the 80960KB processor. To use this code, the programmer must assemble (and compile, in the
case of the C program modules) the individual files into object modules. These modules must
then be loaded into ROM (generally EPROM). The resulting EPROM will contain an IMI (as
shown in Figure 7-3; an interrupt table; a fault table; and a system procedure table; a set of
dummy interrupt and fault handler routines; and a set of dummy system procedures. (The
dummy interrupt and fault handler routines merely perform a return to the initialization code if
an interrupt or fault occurs during initialization. Likewise, the dummy system procedures
perform returns. These routines may be changed to suit the needs of a particular application.)

When the RESET pin on the processor is asserted, the processor performs its self test, then
begins executing the initialization code. This code directs the processor to perform the follow-
ing rudimentary steps of initialization:

Copy the PRCB from the IMI into RAM.
Copy the interrupt table into RAM.

3. Execute a reinitialize processor IAC, to enable the processor to load the new pointers to
the PRCB and interrupt table.

The PRCB and interrupt table are copied into RAM because both of these data structures have
fields that the processor must be able to write.

Once these first steps of initialization have been completed, the processor is able to execute
additional initialization steps to configure the processor for a particular application. The
following items are examples of further initialization actions that might be included in the
initialization code:

o Copy new interrupt handler routines into RAM and change the pointers in the interrupt
table to point to these new routines.

o Copy the fault table into RAM; copy new fault handler routines into RAM; change the
pointers in the fault table to point to the new fault handler routines; and change the pointer
in the PRCB to point to the relocated fault table.

e Create a new system procedure table in RAM; copy the system procedures into RAM;
change the pointer in the PRCB to point to the new system procedure table.

Alternatively, the interrupt handler routines, fault handler routines, and system procedures can
all be loaded into ROM. Here, execution of an application program can begin directly follow-
ing the reinitialization of the processor.
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EXAMPLE CODE

The example code consists of the following six files:

e example.lst
o f table.lst

e i_table.lst

e f handler.c
e i_handler.c
e coldld

The first three files are listings from the Intel 80960KB Assembler. These listings include
assembly code (such as would be included in an ".s" file) and the resulting object code. The
fourth and fifth files are C program modules. The sixth file is a load module.

The following steps describe how to use the code in these files:

1. Assemble the assembly code in files example.s, f _table.s, and i_table.s. (Here the " s" files
are made up of the assembly code only from the ".Ist" files listed above.)
Compile the C code in files f handler.c and i_handler.c.

Link the object modules (example.o, f table.o, i_table.o, f handler.o, and i_handler.o),
using the 80960 Linker and the script in the cold.ld file. The script in cold.ld directs the
linker to locate the linked code at address 0.

4. Burn the output file from the linker in an EPROM.

example.lst

1 0000 FhEFFERER AR R R R R R R R R R R R R R R R R R
2 0000 #

3 0000 # Below is example system initialization code and tables.

4 0000 # The code builds the prcb in memory, sets up the stack frame,

5 0000 4 the interrupt, fault, and system procedure tables, and

6 0000 # then vectors to a user defined routine.

7 0000 #

8 0000 FHEFRFHERFEE AR AR ER AR AR AR AR R R R R R R R R R R R R
9 0000
10 0000 # —----- declare the below symbols public

~ 11 0000

12 0000 .globl system_address_table

13 0000 .globl prcb_ptr

14 0000 .globl start_ip

15 0000 .globl csl

16 0000

17 0000 .globl wuser_stack

18 0000 .globl sup_stack
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19 0000 .globl intr_stack
20 0000
21 0000 # - define IAC address
22 0000
23 0000 .set local IAC, 0xff£000010
24 0000
25 0000 # ————— core initialization block (located at address 0)
26 0000 # ---— ( 8 words)
27 0000
28 0000 .text
29 0000 00000140 .word  system_address_table # SAT pointer
30 0004 00000020 word prcb_ptr # PRCB pointer
31 0008 00000000 .word O
32 000c 000001e8 word start_ip # Pointer to first IP
33 0010 00000000 .word csl # calculated at link time
34 0014 00000000 .word 0 # csl = -(segtab + PRCB + startup)
35 0018 00000000 .word 0
36 001lc fEfffffff .word -1
37 001c
38 001lc
39 001lc # --—-— initial PRCB
40 001c #
41 001c # —m———- This is our startup PRCB. After initialization, this will
42 001c # om———— Be copied to RAM
43 0020 prcb_ptr:
44 0020 00000000 .word 0x0 # 0 - reserved
45 0024 00000000 .word  0x0 # 4 - initialize to 0
46 0028 00000000 .word  0x0 # 8 - reserved
47 002c 00000000 .word  0x0 # 12 - reserved
48 0030 00000000 .word  0x0 # 16 - reserved
49 0034 00000000 .word intr_table # 20 - interrupt table address
50 0038 00000£50 .word intr_stack # 24 - interrupt stack pointer
51 003c 00000000 .word 0x0 # 28 - reserved
52 0040 0000027f .word  0x0000027f # 32 -
53 0044 0000027f .word  0x0000027f # 36 -
54 0048 00000000 .word  fault_table # 40 - fault table
55 004c 00000000 .word 0x0 # 44 - reserved
56 0050 .space 12 # 48 - reserved
57 005¢c 00000000 .word 0x0 # 60 - reserved
58 0060 .space 8 # 64 - reserved
59 0068 00000000 .word 0x0 # 72 - reserved
60 006c 00000000 .word 0x0 # 76 - reserved
61 0070 .space 48 # 80 - scratch space (resumption)
62 00a0 .space 44 # 128 - scratch space ( error)
63 00a0
64 00a0
65 00a0 # The system procedure table will only be used if software puts the
66 00a0 # processor into user mode and makes a supervisor procedure call
67 00a0
68 00cc .align 6
69 0100 sys_proc_table:
70 0100 00000000 .word 0 # Reserved 0
71 0104 00000000 .word 0 # Reserved 4
72 0108 00000000 .word 0 # Reserved 8
73 010c 00001150 .word sup_stack # Supervisor stack pointer 12
74 0110 00000000 .word 0 # Preserved
75 0114 00000000 .word 0 # Preserved
76 0118 00000000 .word 0 # Preserved
77 01lc 00000000 .word 0 # Preserved
78 0120 00000000 ! .word 0 # Preserved
79 0124 00000000 .word 0 # Preserved
80 0128 00000000 .word 0 # Preserved
81 012c 00000000 .word 0 # Preserved
82 0130 000001e0 .word proc_entry 0 # Procedure entry 0 (user)
83 0134 00000le6 .word (proc_entry 1 + 0x2) # Procedure entry 1 (sup.
84 0134
85 0134
86 0134 # -- initial segment table
87 0134
88 0138 .align 6
89 0140 system_address_table:
90 0140 .space 136 # reserve 136 bytes
91 0140
92 01c8 00000140 .word system_address_table
93 O0lcc 00fc00fb .word 0x00£fc00fb # initialization words
94 01d0 .space 8
95 01d0
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96 01d8 00000100 .word sys_proc_table # initialization words
97 0ldc 304400fb .word 0x304400fb
98 0ldc
99 0ldc
100 Oldc #
101 Oldc # -- Below are two "dummy" system procedures. In reality, these
102 0ldc # -- would contain the real system code, rather than returns
103 0le0 .align 4
104 0le0 .text
105 01e0 proc_entry 0:
106 01e0 0a000000 ret # These pointers are to dummy
107 Ole4 proc_entry 1: # supervisor routines. They
108 0le4 0a000000 ret # are for example only
109 Ole4
110 Ole4 # --- Processor starts execution at this spot after reset.
111 Oled # -
112 0le8 start_ip:
113 0les8
114 Ole8 # -
115 Oles8 # -- copy the interrupt table to RAM
116 Oles8 -
117 0le8 8c800400 lda 1024, g0 # load length of int. table
118 Olec 8ca00000 lda 0, g4 # initialize offset to 0
119 01£f0 8c883000 00000000 lda intr_table, gl # load source
120 01f8 8c903000 00000290 lda intr_ram, g2 # load addrss of new table
121 0200 000040 Ob bal loop_here # branch to move routine
122 0200
123 0200 # --
124 0200 # -- Processor will copy PRCB to ram space, located at prcb_ram
125 0200 # -
126 0204 8c8000b0 lda 176, g0 # load length.of prcb
127 0208 8ca00000 lda 0, g4 # initialize offset to 0
128 020c 8c883000 00000020 lda prcb_ptr, gl # load source
129 0214 8c903000 00000690 lda prcb_ram, g2 # load destination
130 021c 000024 0b bal loop_here # branch to move routine
131 021c # -
132 021c # -- fix up the prcb to point to a new interrupt table
133 021c # --
134 0220 8ce03000 00000290 lda intr_ram, gl2 # load address
135 0228 92e4a014 st gl12,20(g2) # store into PRCB
136 0228
137 0228
138 0228 #
139 0228 # -- At this point, the prcb, and interrupt table have
140 0228 # -- been moved to RAM. It is time
141 0228 # -- to issue a REINITIALIZE IAC, which will start us anew with
142 0228 # -- our RAM based prcb.
143 0228 # -
144 0228 # -- The IAC message, found in the 4 words locatad at the
145 0228 # -- reinitialize_iac label, contain pointers to the current
146 0228 # -- System address table, the new, RAM based PRCB, and to
147 0228 # -- the instruction pointer labeled start_again_ip
148 0228 #
149 0228
150 022c¢c iac:
151 022c 8ca83000 ££000010 lda local_IAC, g5
152 0234 8cb03000 00000280 lda reinitialize_iac, g6
153 023c 6005al115 synmovg g5, g6
154 023c
155 023c # --
156 023c # - Below is the software loop to move data
157 023c # -
158 0240 loop_here:
159 0240 Db0Oc45clé4 1ldg (gl) [g4*1], g8 # load 4 words into g8
160 0244 Db2c49cl4 stq g8, (g2)[g4*1l] # store to ram proc. block
161 0248 59a41094 addi g4,16, g4 # increment index
162 024c 39851ff4 cmpibg g0,g4, loop_here # loop until done
163 0250 84079000 bx (gl4)
164 0250
165 0250
166 0250 #
167 0250 # -- The processor will begin execution here after being
168 0250 # -- reinitialized. We will now set up the stacks and continue
169 0250
170 0254 start_again_ip:
171 0254 8cf83000 00000750 lda user_stack, fp # set up user stack space
172 025c  8c07£400 ffffffcO lda -0x40 (fp), pfp # load pfp (just in case)
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173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190,
191
192
193
194
195
196
197
198
199
200
201
202
203
204

205
206

208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232

0264
0264
0264
0268
0268
0268
0268
0268
026¢c
0274
0274
0274
0274
0274
0274
0274
0274
0274
0274
0274
0278
0278
0278
0278
0280
0280
0284
0288
028c
028c
028c
028c

0290
0290
0290
0290
0290
0290
0290
0690
0690
0690
0740
0740
0750
0750
0750
0750
0750
0£50
0£50
0£50
0£50
0£50
1150
1150
1150
1150
1150
1150

8c0fe040

5¢cf01e00

8c803000
64840290

86003000

93000000
00000140
00000690
00000254

30001000

00000000

lda

lda
modac

0x40 (fp)

0, gl4

v

sp

0x3b001000,

g0, 90,

g0

- call main code from here

# set up current stack ptr

13 arguements.
Tnitialize to 0

= A W W

gl4 used by C compiler
for arguement lists past

g0 # set up arith. controls

# to mask unwanted
exceptions

*

- C. Also, no opens are done for stdin, stdout,

- If I/0 is required,
- before the call to main.

R e
|
1

callx

reinitialize_iac:

.word 0x93000000

_main

Note: This setup assumes a main module "main()" written in

or stderr.

the devices would need to be opened

# reinitialize iac

.word system_address_table
.word prcb_ram
.word start_again_ip

# o other misc.

.data

# -- define RAM area to copy the prcb

.align 6
intr_ram:
.space 1024

prcb_ram:
.space 176

.align 6

user_stack:

.space 0x800
intr_stack:

.space 0x200
#

sup_stack:
.space 0x400

# the end

# use newly copied
# start here

stuff

# reserved area for the user stack
# this can be located anywhere in memory
# Size is set depending on application needs

message

prcb

& intr to after initial bootup

# reserved area for the interrupt stack
# this can be located anywhere in memory

# Reserve stack space for

#

supervisor stack
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f_table.Ist

1 0000

2 0000

3 0000

4 0000

5 0000

6 0000 00000000

7 0004 00000000

8 0008 00000000

9 000c 00000000
10 0010 00000000
11 0014 00000000
12 0018 00000000
13 001c 00000000
14 0020 00000000
15 0024 00000000
16 0028 00000000
17 002¢c 00000000
18 0030 00000000
19 0034 00000000
20 0038 00000000
21 003c 00000000
22 0040 00000000
23 0044 00000000
24 0048 00000000
25 004c 00000000
26 0050 00000000
27 0054 00000000
28 0058 00000000
29 005¢ 00000000
30 0060 00000000
31 0064 00000000
32 0068 00000000
33 006c 00000000
34 0070 00000000
35 0074 00000000
36 0078 00000000
37 007¢c 00000000
38 0080 00000000
39 0084 00000000
40 0088 00000000
41 008c 00000000
42 0090 00000000
43 0094 00000000
44 0098 00000000
45 009¢c 00000000
46 00a0 00000000
47 00ad4 00000000
48 00a8 00000000
49 00ac 00000000
50 00b0O 00000000
51 00b4 00000000
52 00b8 00000000
53 00bc 00000000
54 00cO 00000000
55 00c4 00000000
56 00c8 00000000
57 00cc 00000000
58 0040 00000000
59 00d4 00000000
60 0048 00000000
61 00dc 00000000
62 00e0 00000000
63 00e4 00000000
64 00e8 00000000
65 00ec 00000000
66 00£0 00000000
67 00f4 00000000
68 00f8 00000000
69 00fc 00000000

% Kkkok kK Kk kR ok k ok kR Kk kk Kk kk kK k kKKK Ak kk kK Kk kkkhkkkkkkkkkkhkhk * /

_user_reserved # Type 0 Reserved Fault Handler

Type 6 Reserved Fault Handler

/* User Fault Table
.globl fault_table
.align 8

fault_table:
.word
.word # 4
.word  _user_trace; #8
.word 0 #
.word _user_operation;

. .word 0 #
.word _user_arithmetic;
.word
.word _user_real_ arithmetic;
.word #
.word _user_constraint;
.word 0 #
.word _user_reserved #
.word O #
.word _user_protection;
.word 0 #
.word _user_machine; #
.word 0 #
.word _user_reserved;

.word #
.word  _user_type;

.word 0 #
.word _user_reserved # Type
.word #
.word  _user_reserved # Type
.word 0 #
.word _user_reserved # Type
.word O #
.word _user_reserved # Type
.word #
.word _user_reserved # Type
.word 0 #
.word _user_reserved # Type
.word #
.word _user_reserved # Type
.word #
.word _user_reserved # Type
.word #
.word _user_reserved # Type
.word 0 #
.word _user_reserved # Type
.word 0 #
.word _user_reserved # Type
.word #
.word _user_reserved # Type
.word O #
.word _user_reserved # Type
.word 0 #
.word _user_reserved # Type
.word 0 #
.word _user_reserved # Type
.word 0 #
.word _user_reserved # Type
.word #
.word _user_reserved # Type
.word 0 #
.word _user_reserved # Type
.word 0 #
.word _user_reserved # Type
.word 0 #
.word _user_reserved # Type
.word 0 #
.word _user_reserved # Type
.word 0 #
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Reserved
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Reserved
Reserved
Reserved
Reserved
Reserved
Reserved
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Reserved
Reserved
Reserved
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Reserved
Reserved
Reserved
Reserved

Reserved

Fault

Fault

Fault

Fault

Fault

Fault

Fault

Fault

Fault

Fault

Fault

Fault

Fault

Fault

Fault

Fault

Fault

Fault

Fault

Fault

Fault

Handler

Handler

Handler

Handler

Handler

Handler

Handler

Handler

Handler

Handler

Handler

Handler

Handler

Handler

Handler

Handler

Handler

Handler

Handler

Handler

Handler

*/
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i_table.lst

LIV S WN R

0000
0000
0000
0000
0000
0004
0024
0028
002¢c
0030
0034
0038
003c
0040
0044
0048
004c
0050
0054
0058
005¢c
0060
0064
0068
006c
0070
0074
0078
007c
0080
0084
0088
008c
0090
0094
0098
009¢c
00a0
00a4
00a8
00ac
00b0
00b4
00b8
00bc
00c0
00c4
00c8
00cc
00d0
0044
00d8
00dc
00e0
00e4
00e8
00ec
00£f0
00f4
00f8
00fc
0100
0104
0108
010c
0110
0114
0118
0llc
0120
0124
0128
012¢c
0130

00000000

00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000

/* Initial Interrupt Table */
.globl intr_table
.align 6

intr_table:
.word 0 # Pending Priorities
Lfill 8,4,0 # pending Interrupts
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word  _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word  _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word  _user_intrh; # interrupt
.word _user_intrh; # i1nterrupt
.word _user_intrh; # interrupt
.word  _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # i1nterrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_aintrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word  _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt

0

4 +

table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table
table

(0->7) *4
entry 8
entry 9
entry 10
entry 11
entry 12
entry 13
entry 14
entry 15
entry 16
entry 17
entry 18
entry 19
entry 20
entry 21
entry 22
entry 23
entry 24
entry 25
entry 26
entry 27
entry 28
entry 29
entry 30
entry 31
entry 32
entry 33
entry 34
entry 35
entry 36
entry 37
entry 38
entry 39
entry 40
entry 41
entry 42
entry 43
entry 44
entry 45
entry 46
entry 47
entry 48
entry 49
entry 50
entry 51
entry 52
entry 53
entry 54
entry 55
entry 56
entry 57
entry 58
entry 59
entry 60
entry 61
entry 62
entry 63
entry 64
entry 65
entry 66
entry 67
entry 68
entry 69
entry 70
entry 71
entry 72
entry 73
entry 74
entry 75



128
129
130
131
132
133
134
135
136
137
138
139
140
141
142

144
145
146
147
148
149
150
151

0134
0138
013c
0140
0144
0148
0l4c
0150
0154
0158
015c
0160
0164
0168
0l6c
0170
0174
0178
017¢
0180
0184
0188
018c
0190
0194
0198
019c
01a0
0la4
0la8
Olac
01b0
01b4
01b8
O0lbc
01cO
0lc4
0lc8
Olcc
01d0
0144
01d8
0ldc
0le0
0le4d
Oles8
Olec
01£0
01f4
01£8
Olfc
0200
0204
0208
020c
0210
0214
0218
021c
0220
0224
0228
022c
0230
0234
0238
023c
0240
0244
0248
024c
0250
0254
0258
025c
0260
0264

00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
60000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000

INITIALIZATION CODE

.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word  _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word  _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word  _user_intrh; # interrupt
.word  _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word  _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word ._user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word  _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
.word _user_intrh; # interrupt
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152 0268 00000000 .word _user_intrh; # interrupt table entry 143
153 026c 00000000 .word _user_intrh; # interrupt table entry 144
154 0270 00000000 .word  _user_intrh; # interrupt table entry 145
155 0274 00000000 .word  _user_intrh; # interrupt table entry 146
156 0278 00000000 .word _user_intrh; # interrupt table entry 147
157 027¢c 00000000 .word _user_intrh; # interrupt table entry 148
158 0280 00000000 .word _user_intrh; # interrupt table entry 149
159 0284 00000000 .word  _user_intrh; # interrupt table entry 150
160 0288 00000000 .word  _user_intrh; # interrupt table entry 151
161 028c 00000000 .word  _user_intrh; # interrupt table entry 152
162 0290 00000000 .word  _user_intrh; # interrupt table entry 153
163 0294 00000000 .word _user_intrh; # interrupt table entry 154
164 0298 00000000 .word _user_intrh; # interrupt table entry 155
165 029c 00000000 .word _user_intrh; # interrupt table entry 156
166 02a0 00000000 .word _user_intrh; # interrupt table entry 157
167 02a4 00000000 .word  _user_intrh; # interrupt table entry 158
168 02a8 00000000 .word _user_intrh; # interrupt table entry 159
169 02ac 00000000 .word  _user_intrh; # interrupt table entry 160
170 02b0 00000000 .word  _user_intrh; # interrupt table entry 161
171 02b4 00000000 .word  _user_intrh; # interrupt table entry 162
172 02b8 00000000 .word  _user_intrh; # interrupt table entry 163
173 02bc 00000000 .word _user_intrh; # interrupt table entry 164
174 02c0 00000000 .word  _user_intrh; # interrupt table entry 165
175 02c4 00000000 .word _user_intrh; # interrupt table entry 166
176 02c8 00000000 .word  _user_intrh; # interrupt table entry 167
177 02cc 00000000 .word  _user_intrh; # interrupt table entry 168
178 02d0 00000000 .word _user_intrh; # interrupt table entry 169
179 02d4 00000000 .word  _user_intrh; # interrupt table entry 170
180 02d8 00000000 .word  _user_intrh; # interrupt table entry 171
181 02dc 00000000 .word _user_intrh; # interrupt table entry 172
182 02e0 00000000 .word _user_intrh; # interrupt table entry 173
183 02e4 00000000 .word  _user_intrh; # interrupt table entry 174
184 02e8 00000000 .word  _user_intrh; # interrupt table entry 175
185 02ec 00000000 .word  _user_intrh; # interrupt table entry 176
186 02£f0 00000000 .word  _user_intrh; # interrupt table entry 177
187 02f4 00000000 .word _user_intrh; # interrupt table entry 178
188 02£8 00000000 .word _user_intrh; # interrupt table entry 179
189 02fc 00000000 .word  _user_intrh; # interrupt table entry 170
190 0300 00000000 .word  _user_intrh; # interrupt table entry 171
191 0304 00000000 .word  _user_intrh; # interrupt table entry 172
192 0308 00000000 .word  _user_intrh; # interrupt table entry 173
193 030c 00000000 .word  _user_intrh; # interrupt table entry 174
194 0310 00000000 .word _user_intrh; # interrupt table entry 175
195 0314 00000000 .word  _user_intrh; # 1nterrupt table entry 176
196 0318 00000000 .word _user_intrh; # interrupt table entry 177
197 031lc 00000000 .word _user_intrh; # interrupt table entry 178
198 0320 00000000 .word  _user_intrh; # interrupt table entry 179
199 0324 00000000 .word  _user_intrh; # interrupt table entry 180
200 0328 00000000 .word _user_intrh; # interrupt table entry 181
201 032c 00000000 .word _user_intrh; # interrupt table entry 182
202 0330 00000000 .word  _user_intrh; # interrupt table entry 183
203 0334 00000000 .word  _user_intrh; # interrupt table entry 184
204 0338 00000000 .word  _user_intrh; # interrupt table entry 185
205 033c 00000000 .word  _user_intrh; # interrupt table entry 186
206 0340 00000000 .word  _user_intrh; # interrupt table entry 187
207 0344 00000000 .word  _user_intrh; # interrupt table entry 188
208 0348 00000000 .word  _user_intrh; # interrupt table entry 189
209 034c 00000000 .word  _user_intrh; # interrupt table entry 190
210 0350 00000000 .word  _user_intrh; # interrupt table entry 191
211 0354 00000000 .word  _user_intrh; # interrupt table entry 192
212 0358 00000000 .word  _user_intrh; # interrupt table entry 193
213 035¢c 00000000 .word  _user_intrh; # interrupt table entry 194
214 0360 00000000 .word  _user_intrh; # interrupt table entry 195
215 0364 00000000 .word _user_intrh; # interrupt table entry 196
216 0368 00000000 .word _user_intrh; # interrupt table entry 197
217 036c 00000000 .word _user_intrh; # interrupt table entry 198
218 0370 00000000 .word _user_intrh; # interrupt table entry 199
219 0374 00000000 .word _user_intrh; # interrupt table entry 200
220 0378 00000000 .word _user_intrh; # interrupt table entry 201
221 037¢c 00000000 .word _user_intrh; # interrupt table entry 202
222 0380 00000000 .word _user_aintrh; # interrupt table entry 203
223 0384 00000000 .word _user_intrh; # interrupt table entry 204
224 0388 00000000 .word _user_intrh; # interrupt table entry 205
225 038c 00000000 .word _user_ intrh; # interrupt table entry 206
226 0390 00000000 .word  _user_intrh; # interrupt table entry 207
227 0394 00000000 .word  _user intrh; # interrupt table entry 208
228 0398 00000000 .word _user_ intrh; # interrupt table entry 209
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229 039c 00000000 .word _user_intrh; # interrupt table entry 210
230 03a0 00000000 .word _user_intrh; # interrupt table entry 211
231 03a4 00000000 .word _user_intrh; # interrupt table entry 212
232 03a8 00000000 .word _user_intrh; # interrupt table entry 213
233 03ac 00000000 .word _user_intrh; # interrupt table entry 214
234 03b0 00000000 .word _user_intrh; # interrupt table entry 215
235 03b4 00000000 .word _user_intrh; # interrupt table entry 216
236 03b8 00000000 .word _user_intrh; # interrupt table entry 217
237 03bc 00000000 .word _user_intrh; # interrupt table entry 218
238 03c0 00000000 .word _user_intrh; # interrupt table entry 219
239 03c4 00000000 .word _user_intrh; # interrupt table entry 220
240 03c8 00000000 .word _user_intrh; # interrupt table entry 221
241 03cc 00000000 .word _user_intrh; # interrupt table entry 222
242 03d0 00000000 .word _user_intrh; # interrupt table entry 223
243 03d4 00000000 .word _user_intrh; # interrupt table entry 224
244 03d8 00000000 .word _user_intrh; # interrupt table entry 225
245 03dc 00000000 .word _user_intrh; # interrupt table entry 226
246 03e0 00000000 .word _user_intrh; # interrupt table entry 227
247 03e4 00000000 .word _user_intrh; # interrupt table entry 228
248 03e8 00000000 .word _user_intrh; # interrupt table entry 229
249 03ec 00000000 .word _user_intrh; # interrupt table entry 230
250 03f0 00000000 .word _user_intrh; # interrupt table entry 231
251 03f4 00000000 .word _user_intrh; # interrupt table entry 232
252 03f8 00000000 .word _user_intrh; # interrupt table entry 233
253 03fc 00000000 .word _user_intrh; # interrupt table entry 234
254 0400 00000000 .word _user_intrh; # interrupt table entry 235
255 0404 00000000 .word _user_intrh; # interrupt table entry 236
256 0408 00000000 .word _user_intrh; # interrupt table entry 237
257 040c 00000000 .word _user_intrh; # interrupt table entry 238
258 0410 00000000 .word _user_intrh; # interrupt table entry 239
259 0414 00000000 .word _user_intrh; # interrupt table entry 240
260 0418 00000000 .word _user_intrh; # interrupt table entry 241
261 041c 00000000 ‘.word _user_intrh; # interrupt table entry 242
262 0420 00000000 .word _user_intrh; # interrupt table entry 243
263 0424 00000000 .word _user_intrh; # interrupt table entry 244
264 0428 00000000 .word _user_intrh; # interrupt table entry 245
265 042c 00000000 .word . _user_intrh; # interrupt table entry 246
266 0430 00000000 .word _user_intrh; # interrupt table entry 247
267 0434 00000000 .word _user_intrh; # interrupt table entry 248
268 0438 00000000 .word _user_intrh; # interrupt table entry 249
269 043c 00000000 .word _user_intrh; # interrupt table entry 250
270 0440 00000000 .word _user_intrh; # interrupt table entry 251
271 0444 00000000 .word _user_intrh; # interrupt table entry 252
272 0448 00000000 .word _user_intrh; # interrupt table entry 253
273 044c 00000000 .word _user_intrh; # interrupt table entry 254
274 0450 00000000 .word _user_intrh; # interrupt table entry 255
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INITIALIZATION CODE

f_handler.c

user_reserved() {}
user_machine () 8
user_trace () {}
user_operation () {}
user_arithmetic () {}
user_real_arithmetic() {}
user_constraint () {}
user_protection() {}
user_type () {}
i_handler.c

user_intrh()
{
}

cold.ld

MEMORY
{
rom: o0=0x0,1=0x40000
ram: o0=0x40000,1=0x40000
}

SECTIONS

{
.text :
{

} >rom

.data :

} >ram

}

csl = -(system_address_table + prcb_ptr + start_ip);






Appendix
Considerations for
Writing Portable Software




v



APPENDIX E
CONSIDERATIONS FOR WRITING PORTABLE SOFTWARE

This appendix describes those parts of the 80960KB processor design that are implementation
dependent. This information is provided to facilitate the design of programs and kernel code
that will be portable to other implementations of the 80960 architecture.

ARCHITECTURE RESTRICTIONS

The following aspects of the 80960KB’s operation are deviations from the 80960KB architec-
ture:

1. On all bus write operations except those of the synmov, synmovl, and synmovq instruc-
tions, the processor ignores the BADAC pin (i.e., errors signaled on "normal” writes are
ignored).

2. The check for out-of-range input values for the expr, exprl, logepr, and logeprl instruc-
tions is omitted; out-of-range inputs yield an undefined result.

3. Bits 5 and 6 of a machine-level instruction word in the REG and MEMB formats and bits
0 and 1 of the CTRL format are provided to designate special function registers. The
80960KB processor has no special function registers.

4. The 80960KB processor does not guarantee that the value in register r2 of the current
frame is predictable.

5. (The following is a note rather than a restriction.) When using the REG-format instruc-
tions, the m bit for every operand that is not defined by the instruction should be set (e.g.,
code the unused operand as an arbitrary literal). This practice may reduce overhead in
some situations.

SALIGN PARAMETER

Stack frames in the 80960KB architecture are aligned on (SALIGN*16) byte boundaries.
SALIGN is an implementation defined parameter. For the 80960KB processor, SALIGN is 4.
Stack frames for this processor are thus aligned on 64 byte boundaries.

The low-order N bits of the FP are ignored and always interpreted to be zero. The N parameter
is defined by the following expression: SALIGN*16 = 2N. Thus for the 80960KB processor,
Nis6.

BOUNDARY ALIGNMENT

The physical-address boundaries on which an operand begins has an impact on processor
performance. For the 80960KB processor, the following is true:

e An operand that spans more word boundaries than necessary (e.g., addressing a 32-bit
operand on a nonword boundary) suffers a moderate cost in speed because of extra bus
and memory cycles.
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e An operand that spans a 16-byte boundary suffers a large cost in speed.
o  String operands that begin on nonword boundaries suffer a moderate cost in speed. String

operands that begin on word boundaries but not on 16-byte boundaries suffer a small cost
in speed.
FAULTS

The size of resumption records conditionally placed on the stack during faults and interrupts is
16 bytes.

PHYSICAL MEMORY

The upper 16M bytes of physical memory are reserved for special functions of local-bus
components and IACs.

IACS

The mechanism for sending, receiving, and handling IAC messages is not defined in the 80960
architecture. It is a special implementation of the 80960KB processor.

The write-external-priority flag in the IMI controls is not defined in the 80960 architecture.

INTERRUPTS

The interrupt IAC message, the interrupt pins, and the interrupt register are not defined in the
80960 architecture. They are special implementations for the 80960KB processor.

INITIALIZATION
The 80960 architecture does not define an initialization mechanism. The initialization

mechanism and procedures described in this manual are implementation dependent for the
80960KB processor. :

BREAKPOINTS

The breakpoint registers in the 80960KB processor are not defined in the 80960 architecture.

'IMPLEMENTATION DEPENDENT INSTRUCTIONS

The synmov, synmovl, synmovq, and synld instructions are not defined in the 80960 architec-
ture and are implementation dependent in the 80960KB processor.
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LOCK PIN

The LOCK pin is not defined in the 80960 architecture and is implementation dependent in the
80960KB processor.
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branch prediction 2-3
extensions included in  2-5
implementation dependent aspects of

80960KB processor E-1
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load and store model
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overview of 2-1
parallel instruction execution 2-2
register scoreboarding  2-3

2-2
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Abase 5-7

Absolute addressing mode, description of

5-7

AC.cc 11-3

Add instructions 6-6

Add with Carry Instruction 6-7

addc 6-7,11-6

addi, addo 6-6, 11-7

addr, addrl 11-8, 12-17

addr, notation 11-2

Address space
address 7-7
description of 7-7

Addressing modes, used in instructions
abase 5-7
absolute 5-7
description of  5-5
index 5-7
index with displacement
IP with displacement  5-8
literal 5-6
register  5-7
register indirect  5-7
register indirect with index 5-7
scale factor 5-7

5-7

alterbit 6-12, 11-10, 12-15
and, andnot 6-9, 11-11
Architecture
See 80960 Architecture
Arithmetic controls
arithmetic status field 3-9
condition code flags 3-8
description of 3-7
fault masks and flags 9-7
floating-point flags and masks 3-10
floating-point normalizing mode flag
3-10
floating-point rounding control field
3-10
functions of bits
initializing 3-7
integer-overflow flag and mask 3-9
modify arithmetic controls instruction
6-15
modifying 3-7
no imprecise faults flag 3-10, 9-13
saving and restoring 3-7
structure of  3-7
Arithmetic faults 9-16
Arithmetic status field 12-11, 12-17
description of 3-9
Arithmetic zero-divide fault
11-53, 11-58, 11-80
atadd 6-6, 6-14, 11-12
atanr, atanrl 11-13, 12-18
atmod 6-6, 6-14, 11-15
Atomic operations
atomic instructions
description of 7-8

3-8

9-2, 9-16,

6-14

B
b 6-10,11-18
Bad access fault 9-2, 9-21
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bal, balx 4-15, 6-10, 10-4, 11-16
bbc, bbs 6-11, 11-20
BCL C-2
be, bg, bge 6-11, 11-22
Biased exponent 12-3, 12-4
Bits and bit fields
bit addressing  5-5
bit field instructions  6-12
bit operation instructions: 6-12
description of 5-4
bl, ble, bne 6-11, 11-22
bno,bo 6-11,11-22,12-17
Branch and link
description of 4-15
instructions 6-10
Branch prediction 2-3
Branch trace
event flag 10-2
fault 9-2,9-23
mode 10-4
mode flag 10-2
Breakpoint registers
description of 10-5, 10-6
set breakpoint register IAC  10-5, 13-11
Breakpoint trace ‘
event flag 10-2
fault 9-2,9-23,11-66, 11-78
mode 10-5
mode flag 10-2
Bus control logic
See BCL
bx 6-10,11-18
Byte addressing  5-5

C
call 4-8,4-13,6-13,9-7, 10-4, 11-25
Call instructions 6-13
Call trace
event flag 10-2
fault 9-2,9-23
mode 10-4
mode flag 10-2

calls 4-9,4-13,6-13, 9-4, 10-3, 10-5, 11-27
callx 4-8,4-13,6-13,9-4,9-7,10-4, 11-29
Check bit and branch instructions 6-11
Check-sum words 7-10, 7-15

chkbit 6-12, 11-31, 12-15

classr, classrl 11-32, 12-11, 12-17, 12-20
Clear, definition of 1-4

clrbit 6-12,11-34

cmpdeci, cmpdeco  6-10, 11-36

cmpi 6-9,11-35 ,
cmpibe, cmpibne, cmpibl, cmpible,

cmpibg, cmpibge, cmpibo,
cmpibno 6-11,11-42

cmpinci, cmpinco 6-10, 11-37

cmpo 6-9, 11-35

cmpobe, cmpobne, cmpobl, cmpoble,

cmpobg, cmpobge 6-11, 11-42
cmpor, cmporl 11-38, 12-17
cmpr, cmprl 11-40, 12-17
Compare and branch instructions 6-11
Compare and decrement instructions 6-10
Compare and increment instructions 6-10
Compare instructions 6-9
concmpi, concmpo  6-9, 11-45
Condition code
See Condition code flags
Condition code flags
description of 3-8
in floating-point compare instructions
12-17
in floating-point operations
12-17
in test instructions  6-15
modification of 6-15
Condition code scoreboarding C-8, C-12,
C-13
Conditional branch instructions 6-11
Conditional compare instructions 6-9
Constraint faults 9-17
Constraint range fault 9-2,9-17, 11-63

12-11,
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Continue initialization IAC 13-6

cosr, cosrl 11-46, 12-18

cpyrsre, cpysre 11-48, 12-15, 12-20
cvtilr, cvtir 11-49, 12-16

cvtri, cvtril, cvtzri, cvtzril 11-50, 12-16

D
daddc 6-16,11-52
Data length conversion 6-13
Data structures, quick reference A-10
Data types
bits and bit fields 5-4
decimal 5-3
description of 5-1
integer 5-1
ordinal 5-1
quad word  5-4
real 5-2
triple word  5-4
Debugging support
overview of 2-5
See also Tracing
Decimal Multiplication and Division 6-16

Decimals
data type 5-3
instructions 6-16

multiplication and division 6-16
Denormalized numbers
definition of 12-4
denormalization technique 12-5
disp, notation 11-2
divi, divo 6-6, 11-53
Divide instructions 6-6
divr, divrl 11-54, 12-17
dmovt 6-16, 11-56
dsubc 6-16, 11-57

E

ediv 6-8,11-58
efa, notation 11-2
emul 6-8,11-59

Exceptions, floating-point
See Floating point faults
Execution environment
address space  3-3
arithmetic controls 3-7
description of 3-1
floating-point registers 3-4
global registers  3-3
instruction cache  3-11
instruction pointer - 3-6
local registers  3-5
process controls 3-11
trace controls 3-11
Execution mode
description of 4-13
execution mode flag 4-5, 7-4
Exponent, in floating point format 12-2
expr, exprl 11-60, 12-19
Extended . multiply and divide instructions
6-8
External IACs
See IACs
extract 6-12, 11-62

F
FAILURE pin 7-14
Fault handling
control flags and masks 9-7
fault handler, description of 9-1
fault handler, procedures  9-6
fault handling actions 9-10
fault handling method 9-3
local calls to fault handling procedures
9-4
overview of fault-handling facilities
9-1
possible fault-handler actions 9-6
procedure table calls to fault handling
procedures  4-11
program and instruction resumption fol-
lowing a fault 9-6
software requirements for handling faults
9-3
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support for 2-4 ,
system procedure table calls to fault han-
dling procedures 9-4 .
See also Fault record, Fault table, Faults
Fault record
description of 9-8
location of fault record 9-10
location of resumption record 9-10
resumption record 9-9 S
saved instruction pointer 9-9
Fault table 9-3
description of '7-2, 9:4
fault table entries * 9-4
fault table pointer in IMI'  7-12 . .
location of in memory 9-4 -
required at initialization 7-9
Fault table pointer 7:12
Fault-if instructions ‘9-8
faulte, faultne, faultl, faultle, faultg,
faultge, faulto, faultno  6-14,
11-63
Faults
arithmetic faults 9-16
constraint faults 9-17
description of 7-3
fault instructions  6-14, 9-8
floating-point faults 9-18
interrupts and faults 9-3 )
location of resumption record 9-10
machine faults  9-21
multiple fault conditions 9-3
operation faults 9-20 |
precise and imprecise faults 9-13
program state after a fault 9-11
protection faults 9-22
reference information on faults *9-14
resumption record 9-9
saved instruction pointer 9-9
saved process controls 9-11
signaling a fault, 9-8
standard faults 11-3
trace faults  9-23
, type faults 9-25

types and subtypes 9-1
See also Fault handling, Fault record
flit, notation 11-2 !
Floating inexact fault  9-2, 9-18, 11-8,
11-13, 11-46, 11-49, 11-60, 11-70,
11-72, 11-75, 11-86, 11-89, 11-98,
11-104, 11-105, 11-112, 11-115,
11-121, 11-129, 12-25, 12-26
Floating inexact flag and mask 9-7, 12-11,
12-25 .
Floating invalid-operation fault 9-2, 9-18,
11-8, 11-13, 11-38, 11-40, 11-46,
11-54, 11-60, 11-70, 11-72, 11-75,
11-86, 11-89, 11-98, 11-104,
11-105, 11-112, 11-115, 11-121,
11-129, 12-23
Floating invalid-operation flag and mask
9-7,12-11, 12-20, 12-23
Floating overflow fault 9-2, 9-18, 11-8,
11-54, 11-72, 11-75, 11-86, 11-89,
11-98, 11-104, 11-105, 11-115,
11-121, 11-129, 12-24
Floating overflow flag and mask  9-7,
12-11, 12-24, 12-25
Floating point
architecture support for 12-1
arithmetic controls 12-11
arithmetic vs. non-arithmetic instructions
12-20
basic arithmetic instructions 12-17
biased exponent 12-3, 12-4
branch instructions 12-17
classification instructions 12-17
comparison instructions 12-\1‘7
data movement instructions 12-15
data type conversion 12-15
denormalized numbers 12-4
execution environment for floating-point
operations 12-7
exponent 12-2
exponential instructions 12-19
finite values 12-4
floating inexact exception 12-25
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floating invalid operation exception
12-23

floating overflow exception 12-24

floating reserved encoding exception
12-22

floating underflow exception 12-24

floating zero-divide exception and fault
12-23

format of binary floating-point numbers
12-2

fraction 12-2

IEEE standard  12-1, 12-2, 12-4, 12-6,
12-7, 12-14, 12-17, 12-19

infinities 12-6

instruction format 12-14

instruction operands 12-14

integer 12-2

j-bit  12-2

literals 12-14

loading and storing floating-point values
12-9

logarithmic instructions 12-19

moving floating-point values 12-10

NaNs 12-4,12-20

normalized number 12-3

normalizing mode 12-12

pi 12-18 _

real data types  5-2, 12-7

real number and NaN encodings 12-4

real number formats  12-7

real number notation  12-3

real number system  12-1

reall number and NaN encodings 12-7

register alignment for floating-point
values 12-9

registers, storage of floating-point num-
bersin 12-8

rounding control  12-12

scale instructions 12-19

sign bit 12-2

significand 12-2

summary of floating-point instructions
12-15

support for 2-5

trigonometric instructions 12-18
underflow condition 12-26
zeros 12-4
See also Floating point faults
Floating point faults 9-18
exceptions  12-6, 12-21
fault handling 12-21, 12-22
floating inexact exception 12-21
floating invalid operation exception
12-21
floating overflow exception 12-21
floating reserved encoding exception
12-21
floating underflow exception 12-21
floating zero divide exception 12-21
override flags 12-24, 12-25
Floating point unit
See FPU
Floating reserved-encoding fault 9-2, 9-18,
11-8, 11-13, 11-38, 11-40, 11-46,
11-48, 11-54, 11-60, 11-70, 11-72,
11-75, 11-86, 11-89, 11-98,
11-104, 11-105, 11-112, 11-115,
11-121, 11-129, 12-22
Floating underflow fault - 9-2, 9-18, 11-8,
11-13, 11-54, 11-60, 11-70, 11-72,
11-75, 11-86, 11-89, 11-98,
11-104, 11-105, 11-112, 11-115,
11-121, 11-129, 12-25, 12-26
Floating underflow flag and mask  9-7,
12-11, 12-24
Floating zero-divide fault 9-2, 9-18, 11-54,
11-70, 11-75, 11-98, 11-105,
12-23
Floating zero-divide flag and mask 9-7,
12-11, 12-23
Floating-point flags and masks 3-10
Floating-point normalizing mode flag 3-10,
12-11, 12-12
Floating-point registers
description of 3-4
register model 3-3
See Registers
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Floating-point rounding control field 3-10,
12-11
Flush local registers
instruction  6-15
flushreg 4-7, 6-15, 11-65
fmark 6-14, 10-1, 10-5, 10-6, 11-66
Force Mark Instruction’ 6-14
FP, frame pointer 3-3, 4-14
description of 4-3°
FPU C-8
Fraction, in floating-point format 12-2
Frame pointer
See FP
Frame return status field 8-6
Freeze IAC 13-7
freg, notation 11-2

G

Global registers
description of 3-3
FP 33
register alignment 3-5
register model 3-3
storing of RIP on a branch and link in-
struction 4-15

I

IAC fault 9-2

IAC pin 8-11, 13-4

IACs
continue initialization IAC  13-6
description of 7-3
external IACs  13-1, 13-3
freeze IAC . 13-7
IAC fault 9-2
IACpin 134 -
internal IACs'  13-1
interrupt IAC  13-8
introduction to  13-1
mechanisms for exchanging 13-1
message, description of 13-1
message, format of 13-1

priorities 7-5
purge instruction cache IAC  13-9
receiving and handling external IACs
13-4
receiving and handling internal IACs
13-2
reference information 13-5
reinitialize processor IAC  13-10
sending external IACs  13-3
sending internal IACs  13-2
set breakpoint register IAC  13-11
software requirements for handling IACs
13-2
store system base JAC  13-12
summary of IACs 13-5
test pending interrupts IAC  13-13
ID C-3
IEU C-6
IFU C-3
IMI
caching the IMI in the processor 7-12
changing the IMI  7-12
check-sum words  7-10
description of 7-2,7-9
fault table pointer 7-12
interrupt stack pointer 7-10
interrupt table pointer 7-10
SAT 7-10
scratch space  7-12
system procedure table pointer
7-10
write external pribrity flag 7-10
Index with displacement addressing mode,
description of 5-7
Index, description of 5-7
Indivisible, description of 7-7
Inexact result, definition of 12-12

4-11,

Initial memory image
See IMI
Initialization code example D-1
Initialization of the processor
Building a memory image 7-12
check-sum words  7-10
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continue initialization IAC 13-6
description of 7-9
fault table 7-13
first stage of initialization 7-13
IMI 7-9
initialization code 7-12
initialization code example D-1
initialization heap 7-12
initialization PRCB  7-13
initialization stack 7-12
interrupt table 7-13
kernel procedures 7-13
PRCB 7-10
reading the IMI  7-12
reinitialize processor IAC
SAT 7-10,7-12
second stage of initialization 7-15
self test 7-14
typical initialization scenario 7-13
Instruction cache
description of 2-2, 3-11,C-3
purge instruction cache IAC  13-9
Instruction decoder
See ID
Instruction execution unit
See IEU
Instruction fetch unit
See IFU
Instruction list 7-1

13-10

Instruction pointer
See IP
Instruction reference
introduction to  11-1
Notation 11-1
Instruction suspension
description of 7-6
Instruction timing
bit instructions C-10
branch instructions C-13
call and return instructions C-14
decimal instructions C-17
description of C-8
floating point instructions C-17

-7

integer and ordinal arithmetic instruc-
tions C-11
load instructions C-15
logical instructions C-9
multiply and divide instructions C-12
register move instructions C-11
store instructions C-17
Instruction trace
event flag 10-2
fault 9-2,9-23
mode 10-4
mode flag 10-2
Instructions
arithmetic 6-6
assembly-language format  6-1
bit and bit field 6-12
branch 6-10
call and return  6-13
comparison 6-9
data length conversion 6-13
data movement 6-4
debug 6-14
decimal 6-16
detailed reference information 11-1
extended arithmetic 6-7
fault instructions  6-14
instruction groups 6-2
logical 6-9
machine-level instruction forrats B-1
processor management 6-15
quick reference A-1
summary of 80960KB instruction-set ex-
tensions 6-3
summary of 80960 instructions 6-2
See also Machine-level formats
INTO, INT1, INT2, INT3 pins 8-10, 8-11
INTA pin 8-11
Integer overflow
description of 3-9
fault 9-2, 9-12, 9-16, 11-7, 11-50,
11-53, 11-88, 11-97, 11-110,
11-117, 11-120
flag 3-9,9-7,9-16, 12-11
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mask 3-9,9-7,9-16, 12-11

Integer, description of 5-1
Interagent communication messages

See IACs

Internal state field, of process controls 9-12
Interrupt control register

addresses in memory 8-11
description of 8-10
uses of 8-10

Interrupt handler

used for initialization 7-15

Interrupt handling

interrupt control register  8-10

interrupt handler procedures  8-4

interrupt stack 8-4

interrupt table 8-2

location of interrupt handler procedures
8-4

restrictions on interrupt handler 8-4

software requirements for interrupt han-
dling 8-1

support for 2-3

Interrupt IAC 8-9, 13-8

description of 8-11

Interrupt pins

description of 8-10
uses of 8-10

Interrupt record

description of 8-6

Interrupt stack

description of 7-2, 8-4
interrupt stack pointer in IMI  7-10
required at initialization 7-9

Interrupt stack pointer 7-10
Interrupt table

description of 7-2, 8-2
interrupt table pointer in IMI  7-10
required at initialization 7-9

Interrupt table pointer 7-10
Interrupt vectors, description of 8-2
Interrupts

description of 7-3

executing state interrupt  8-5
idle or stopped state interrupt  8-8
interrupt control register 13-4
interrupt handling actions 8-4
interrupt IAC  8-11, 13-8
interrupt pins  8-10
interrupt record  8-6
interrupted state interrupt  8-6
overview of interrupt facilities 8-1
pending interrupts  8-8
priorities  7-5, 8-2
servicing an interrupt  8-5
signaling interrupts  8-10
stopped-interrupt state interrupt  8-8
test pending interrupts IAC  13-13
vectors  8-2
See also Interrupt handling

INTR pin 8-11

Invalid opcode fault 9-2, 9-20

Invalid operand fault 9-2, 9-20

IP
description of 3-6
procedure-table entry  4-11
storage of 3-6

IP with displacement addressing mode 5-8

J
J-bit 12-2

K

Kernel 1-1
altering process controls  7-5
supervisor procedure  4-13

L
1d, ldib, Idis, 1dl, 1dob, ldos, 1dq, 1dt 5-4,
6-4,11-67, 12-9
lda 3-6, 6-6, 11-69
Length fault 9-2,9-22
lit, notation 11-2
Literal
description of 5-6
floating-point  12-14
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ordinal 5-6
Load address instruction 6-6
Load instructions 6-4
Local call
call operation 4-8
description of 4-8
return operation 4-8
Local registers
call/return mechanism 4-1
description of 2-2, 3-5
mapping of local register sets to proce-
dure stack 4-7
multiple local register sets 4-3
PFP 3-5
purpose of  3-5
register alignment  3-5
register model 3-3
relationship to procedure stack 4-3
RIP 3-5
SP 3-5
LOCK line 7-8
logbnr, logbnrl 11-70, 12-19
logepr, logeprl 11-72, 12-19
Logical instructions 6-9
logr, logrl 11-75,12-19

M
Machine faults 9-21
Machine-level formats 6-1, B-1
Manual
guideto 1-1
structure of 1-1
mark 6-14, 10-1, 10-5, 10-6, 11-78
Mark Instruction 6-14
mem, notation 11-2
Memory requirements
description of 7-7
restrictions  7-7
Micro-instruction sequencer
See MIS
MIS C-6

Mnemonic 11-2

modac 3-7, 6-15, 11-79

modi 6-8, 11-80

modify 6-12, 11-81

Modify process controls instruction 6-15

Modify trace controls instruction 6-14

modpc 6-15, 7-5, 8-9, 11-82

modtc 6-14,10-2, 11-84

Modulo instructions 6-8

mov, movl, movq, movt 5-4, 6-5, 11-85,
12-10, 12-15

Move instructions 6-5

movr, movre, movrl
12-15, 12-20

muli, mulo 6-6, 11-88

mulr, mulrl 11-89, 12-14,12-17

Multiply instructions 6-6

11-86, 12-9, 12-10,

N

nand 6-9, 1191

NaNs
arithmetic vs. non-arithmetic instructions

12-20 ‘

classify instructions
comparison 12-17
defined 12-6
encodings 12-4, 12-7
extended-real format 12-7
invalid-operation exception
operations on  12-20
QNaN 12-6, 12-17,12-23
QNaN, definition of 12-20
rounding 12-13
SNaN 12-6,12-17, 12-23
SNaN, definition of 12-20
unordered 12-17
unordered classification 3-9

No imprecise faults flag 3-10, 9-7, 9-13

nor 6-9,11-92

Normalized number 12-3

12-17

12-23

Normalizing mode, floating-point normaliz-
ing mode flag 3-10
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not, notand 6-9, 11-93
Notation 1-3

notbit 6-12,11-94
notor 6-9, 11-95

(0]

Operating-system kernel
See Kernel

Operation faults 9-20

or,ornot 6-9, 11-96

Ordinal, description of 5-1

P

Padding area, description of 4-5
Parameter passing
description of 4-9
in an argument list 4-9
through global registers 4-9

through the procedure stack 4-9

Pending interrupts
checking for 8-9
handling of 8-9
posting of 8-9
servicing of 8-8

PFP 3-5,8-6
description of 4-5

Pi 12-18

PRCB
description of 7-10
store system base IAC  13-12

Prereturn trace
event flag 10-2
fault 9-2,9-23
mode 10-5
mode flag 10-2
prereturn trace flag  4-5

Preserved 1-3

Previous frame pointer

See PFP

Priorities 7-5

Procedure calls )
branch and link 4-15

1-10

call/return mechanism 4-1
FP 4-3

local call 4-8

local registers 4-3
overview of 4-1

padding area 4-5
parameter passing 4-9

PFP 4-5

prereturn trace flag  4-5
procedure linking information  4-3
procedure stack 4-3

return status field 4-5

RIP 4-6

saving of local registers  4-1
SP 4-5

supervisor call 4-13
supervisor stack 4-14
system call 4-9 )
system procedure table 4-11

Procedure Stack

call/return mechanism 4-1
description of 4-3

mapping of local registers to  4-7
register save area  4-3, 4-7

stack frames 4-3

Process Controls

changing of 7-5
description of 7-2, 7-3
execution mode flag 7-4
internal state field 9-12
priority field 7-4

state flag  7-4

trace enable flag 7-4

trace fault pending flag 7-4

Process controls word

See Process controls

Processor

execution mode 4-13

freeze IAC  13-7

internal structure of C-1
priorities  7-5

purge instruction cache IAC  13-9
reinitialize processor IAC  13-10
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self test  7-14 Register save area

store system base IAC  13-12 See Procedure stack
Processor Control Block Register scoreboarding 2-3, 3-5, C-6

See PRCB Registers

Processor management addressing of 5-7

instructions  6-15 floating-point registers 2-5, 3-3
Processor management facilities L flush local registers instruction 6-15

faults 7-3 global registers  3-3

IACs 7-3 local registers  3-3

instruction list 7-1 register model  3-3

interrupts  7-3 special function registers 3-1

overview of 7-1 See  also Floating-point  registers,

system data structures 7-1 " Global registers, Local registers,
Processor management, software require- Special function registers

ments for 7-8 Reinitialize processor IAC 3-7,7-12, 13-10

Processor states Remainder instructions 6-8

description of 7-6 remi, remo 6-8, 11-97

executing state  7-6 remr, remrl 11-98,12-11, 12-17

interrupted state  7-6 Reserved 1-3

stopped state  7-6 RESET pin 7-14

stopped-interrupted state  7-6 Resume flag 8-5, 8-6, 9-10, 9-11, 9-12

Programming e'}"im"“fe“‘ ret 4-8, 6-13, 9-6, 9-10, 9-11, 10-4, 10-5,
See Execution environment 108

Protection faults 9-22
Purge instruction cache IAC 13-9

Q
QNaN
See NaNs
Quad word, description of 5-4

Return
return 11-101
from local call 4-8
from local system call 4-13
from supervisor call 4-14
Return instruction 6-13
Return instruction pointer
See RIP

R Return status field 9-10
Real num'ber description of 4-5

encodings 12-4 encoding of 4-5

systen? 12-1 return from local system call ~ 4-13
reg, notation 11-2 return from supervisor call  4-14
Register bypassing C-7 Return trace
Register indirect addressing modes event flag 10-2

description of 5-7 fault 9-2,9-23
Register indirect addressing modes, descrip- mode 10-4

tion of 5-7 ' mode flag 10-2

11
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RIP 3-5,3-6

description of 4-6

on.a branch and link 4-15
rotate 6-8,11-103
Rotate instructions 6-8
Rounding control

See Floating-point
field

roundr, roundrl 11-104, 12-17

S
SAT

description of 7-10
Saved IP, for fault 9-9''
Scale factor in addressing, descrlptlon of

5-7
scaler, scalerl 11-105, 12-19, 12-24
scanbit 6-12,11-107
scanbyte 6-13
Scoreboarding
See Register scoreboarding
Scratch space 7-12 °
Self test, of processor 7-14
Set breakpoint register IAC 13-11
Set, definition of 1-4
setbit 6-12,11-109
Shift instructions 6-8
shli, shlo, shrdi, shri, shro 6-8, 11 110
Significand, in floating-point format 12-2
sinr, sinrl 11-112, 12-18
SIZE lines 7-8
SNaN
See NaNs

SP 3-5,4-14

description of 4-5
spanbit 6-12,11-114
Special function registers

description of 3-1
sqrtr, sqrtrl  11-115, 12-17
st, stib, stis, stl, stob, stos, stq, stt- . 5-4,

5-5,6-5,11-117, 12-9

rounding control

Stack
See Procedure stack
Stack frame, definition of < 4-3 °
Stack pointer R
See SP
Standard faults 11-3
STARTUP pin 7-14
Sticky flags, definition of 3-8
Store instructions 6-5
Store system base IAC 13-12
subc 6-7,11-119
subi, subo 6-6,11- 120 ‘
subr, subrl 11-121, 12-17
Subtract instructions 6-6
Subtract with Carry Instruction 6-7
Supervisor call
system call instruction 6-13 |
Supervisor call mechanism
supervisor call 4-13
Supervisor mode. . :
See User-supervisor protection model
Supervisor stack
structure of 4-14
supervisor stack pointer 4-11
Supervisor stack pointer 4-11
Supervisor trace
event flag 10-2
fault 9-2,9-23
mode 10-5 .
mode flag 10-2
syncf 9-13,11-123
synld 6-15,11-124
synmov, synmovl, synmovq 6-15, 11-126,
13-2,13-3
System Address Table . ;
See SAT
System call
description of 4-9
mechanism of, 4-10 .
System data structures
description of 7-1
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System executive
Kernel 1-1
System procedure table
description of 7-2
procedure entry structure 4-11
structure of 4-11
supervisor stack pointer entry 4-11
system call instruction 6-13
system procedure table pointer in IMI
7-10
trace control flag  4-11
System procedure table call 4-9
See also System call
System procedure table pointer 7-10

T
tanr, tanrl 11-129, 12-18
Terminology 1-3
Test instructions 6-15
Test pending interrupts IAC  13-13
teste, testne, testl, testle, testg, testge,
testo, testno 6-15, 11-131
Trace control flag (in system procedure
table) 4-11, 9-11, 10-1, 10-3,
10-5
Trace controls
See Tracing
Trace enable flag 7-4, 8-6, 9-7, 9-11, 10-1,
10-3, 10-6, 10-7, 10-8
Trace fault pending flag  7-4, 8-6, 9-12,
10-1, 10-3, 10-6, 10-7, 10-8
Trace flag (in return-status field of r0)
10-1,10-3
Tracing
branch trace mode 10-4
breakpoint registers 10-5
breakpoint trace mode 10-5
call trace mode 10-4
fault handlers, tracing with  10-8
handling multiple trace events 10-6
instruction trace mode 10-4
interrupt handlers, tracing with  10-7

modifying trace controls 10-2
overview of trace-control
10-1
prereturn trace handling  10-7
prereturn trace mode  10-5
return trace mode  10-4
signaling a trace event 10-6
software support required for tracing
10-1
supervisor trace mode 10-5
trace control flag (in system procedure
table) 10-3
trace control on supervisor calls 10-3
trace controls  10-1
trace controls word  10-2
trace enable and mode flags 9-7
trace enable flag 10-3
trace event flags 10-2
trace fault handler 10-5
trace fault pending flag 10-3
trace faults 9-23, 10-1, 10-3, 10-5
trace flag (in return-status field of r0)
10-3
trace handling action 10-7
trace mode flags 10-2
trace modes 10-3
tracing instructions 6-14
Triple word, description of 5-4
Type faults 9-25
Type mismatch fault 9-2,9-25, 11-82

facilities

U

Unconditional branch instructions 6-10
Unordered
definition of 3-9
numbers 12-17
User-supervisor protection model
description of 4-13
mode switching 4-13
supervisor call 4-13
supervisor mode 4-13
supervisor procedure 4-13
user mode 4-13



intel° INDEX

w
Words
addressing of 5-5
size 3-3
write external priority flag 7-10

X
xnor, xor 6-9, 11-133
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Tel (609) 596-8000
FAX 609-596-5632

Arrow Electronics, inc.

FAX 201-538-4962

‘tHamilton/Avnet Electronics
1 Kayslom Ave , Bidg 36
%9 Il 08003
Tel ( ) 424-0110
-940-0262
FAX 609 751-&624
wammon/Avnet Electronics
Fairfield 07006
Tel (201) 575-3390
FAX 201-575-5839
tPioneer Northeast Electronics
45 Route 4
Pinebre 7058
Tel (201) 575-3510
FAX 201-575-3454

;MTI Systems Sales
7 Kulick Rd

Fairfield 07006
Tel (201) 227-5552
FAX 201-575-6336
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NEW MEXICO
Alllanm Electronics Inc
Coaml 3

o

Hamlnon/Avnat El-?gonlcs
Albu%&?' q]ue 87101

NEW YORK

Arrow Electronics, Inc
25 Hub Drive

Melville 11747

Tel (516) 694-6800
TWX 510-224-6126
FAX 516-391-1401

DY

Arrow Electronics, Inc
'5 Bri

gmon-Hemmta Townhine Rd

Rochester 1.
Tel (716) 42
FAX 716-427-0735

Arrow Electronics, Inc
ﬁo Oser Avo;\‘na

au)
Tel (516) 2311000
FAX 516-231-1072
Hamilton/Avnet Electronics
2060 Townline Rd

Rochester 14623
Tel (716) 475-9130
FAX 716-475-9119

tHamilton/Avnet Electronics
103 Twin Drive

Syracuse 13206
Tel (315) 437-2641
FAX 315-432-0740

memnon/Avnsl Electronics
933 Mutor Pl l

;MTI Systems Sales
PMK Dnive
PO Box 271
Washington 11050

Port

Tel (516) 621-6200

FAX( 51 8—625-3039

1Pioneer Nomaast Electronics
68 carpof

Tel (607 722 9000
-722-9562

Pioneer Northeast Electtomcs
Cmss way Park Wesf
loodbury, Lo island 11797
Tel (516)92 -8700
TWX 510-221-2184
FAX 516-921-2143

Pioneer Northeast Electronics
0 Fal port Park

114450
L5 (716) 381-7070
FAX 716-381-5955

NORTH CAROLINA

tArrow Electronics, Inc
5240 Gr;e&s) Dairy Road

Ralex
Tel (919) 676-3132
FAX 919-876-3132, ext 200

wammon/l\vmt Electronics
t Drive

gh 27
Tel ¢ 19&878-0919
TWX 510-928-1836

DOMESTIC DISTRIBUTORS

NORTH CAROLINA (Cont'd.)

Pioneer Electronics
9801 A-SO”U?MH Pine Bivd

Charlotte 26217

Tel )}704) 527-8188
TWX 810-621-0366
OHIO

Arrow Electronics, inc
70 icEwen Road
Centerville 45459

Tel (513) 435-5563
FAX 513-435-2049

Arrow Electronics, Inc
38 Cochran Road

Solon 44133

Tel (216) 248-3990

FAX 216-248-1106
Hamilton/Avnet Electronics
777 Brook Blvd

ag:mllton/Avnet Electronics
Senate Drive

ton 45459

(513 439-6700
FAX 513-439-6711

gggmulton/hnet Electronics
25 Bambridge Rd , Bldg A

Solon 44139
Tel (2|6 349-5100

. FAX 216-349-1894

I oneer Electronics
433 Imerpgm Bivd

Ta (513) 236-9900

FAX 513-236-8133
tPioneer Eiectronics
4800 E 131st Street
Cleveland 44105

Tel (216) 587-3600
TWX 810-422-2211

FAX 216-587-3906
OKLAHOMA

Arrow Electronics, Inc
3158S 108 East Ave, Ste 210
Tulsa 74146

Tel (918) 665-7700

FAX 9% 5-7700
‘OREGON

tAimac Electronics Corp
1885 N W 169th Place
Beaverton 97006

Tel (503) 629-8090
8(503-6450611

w-mulmn/AvaEle?romcs

ge Dlstnbunon Grou
lam Yo way

anlsboro 97124
Tel (503 640-6000
FAX -640-5846
PENNSYLVANIA
Arrow Electronics, Inc
Monroevilie 15146

ol 41? -7000
FAX 412-856-5777

Hamilton/Avnet Electronics
2 Ave Bldg E

Tel 141 281—4‘50
FAX 412-281-8662

‘tMicrocomputer System Technical Distributor Centers

PENNSYLVANIA (Cont'd.)

82-2300
TWX 710-795-3122
FAX 412-963-8255

Pioneer Electronics
1 Glbmlur Road
Horsh:
Tel (2‘5 674-4000
TWX -6

510-665-
FAX 215-674-3107
TEXAS

A"ow Electronics, Inc
20 Commander Drive
Carroliton 75006

Tel (2!4) 380-6464
FAX' 214-248-7208
TArrow Electronics, Inc
10899 Kinghurst Dr
Suite 100

Houston 77099

Tel (713) 530-4700
FAX 713-568-8518

tArrow Electronics, Inc
2227 W_Braker Lane
Austin 78758

Tel (512) 835-4180
FAX 512-832-9875

tHamilton/Avnet Electronics
1807A W Bfaker Lane
Austin 78758

Tel (5‘22 837—89"

;Hammon/Amet Electronics
111 W Walnut Hilt Lane
Irving 7!

Teln?zu

FAX 21 550—61 72

tHamilton/Avnet Electronics
4850 Wright Road, Ste 190
Staftord 77477

Tel (713) 240-7733

FAX' 713-240-0582

Kierulft Electronics, Inc
2010 Merritt Dr
Garland 75040
Tel (2141 0-0110
278-0928

tPioneer Electronics
1826-D Kramer Lane
Austin 78758

Tel (512) 835-4000
FAX 512-835-9829

tPioneer Electronics
13710 Omega Road
Dallas 752

Tel (214) 386-7300
FAX 214-490-6419

tPoneer Electronics
5853 Point West Drive
:jouslon 77036

el (71%) 988-5555

FAX 713-988-1732

UTAH

‘tHamilton/Avnet Electronics
1585 West 2100 South

Salt Lake City 8411
Tel (801) 972-280
FAX 801-974.9675
Kierulff Electronics, Inc
1946W Parkway Bivd
Salt Lake Ci 119
Tel (501 973-691.
FAX' 801-972-0200

‘Wyle Distribution Group
5 West 2200 South

S
o

ite £
Salt Lake C 84119
Tel (801)974-9953
FAX 801-972-2524

Brookfield 53005
Tel (414) 792-0150
FAX 414-792-0156

WASHINGTON ONTARIO
fAImac Electronics Corp Arrow Electronics inc
- 14360 SE Eastgate Way 1093 Meyerside Dr.
Bel ue 98007 Unit2
(206 643-9992 Mississauga LST 1M4
A)( -843-9709 Tel (416 72-7769
72-0489
Arrow Electronics, inc
14320 N E_21st Street Arrow Electronics inc
Bellevue 98007
Tel (22%? 643-4800 Tel' (8 2
FAX -748-3740 FAX 613-723-2018
t
14212 N E 21st Street 8845 Rexwood Road
‘i.’:il (206 453-5874 a’l‘ Sioen L4V 1R2
issi
FAX 203-64 TM (416 8;7 7432
V;yle Dls(rlbuuon Group
d Ave N E Hamiiton/Avnet Electronics
23688 Nashua Dr
Tol (@ 453-8300 Units 9 and 10
FAX' 206-453-4071 Mississauga L4V 1M5
Tel (416) 677-041
WISCONSIN X 416-677-
‘tArrow Electronics, Inc tnam-lton/Avm Electronics
200 N Patrick Blvd , Ste 100 Co ROld South

T.l (613 226-1700
FAX 613-226-1184

Hamilton/

2975 Moorland Road
New Berlin 53151
Tel {414) 784-4510
FAX 414-784-9509

Kierulff Electronics, Inc
2238-EW Bluemound Rd
53186

Tel (414) 784-8160
FAX 414-784-0409

CANADA
ALBERTA

Hamllmn/Avnet Eloelromcs
28 6 21st Street N

Tal ( IXG 25&9580
0:2 250-1591

Zentronics

6815 8th Street, NE , Ste 100
Gaigargesz THT

Tel (403) 29 8

FAX 403-295-8714

BRITISH COLUMBIA

Hlmnl\on/Avrm Electronics
2550 Boundary Rd , Ste 115
Bumaby V5M 323

Tel (604) 437-6667

FAX 604-437-4712

Zentronics
108-11400 Bri 5 Road
6X

Tel (604) 273-5575
FAX 604-273-2413

MANITOBA

Zentrons

60-!3\3 Border Street

Winnipeg R3H 0X4

Tel (: 694-1957
FAX 633-9255

12
gnibury Court

ton LET 3T4
T (416) 451-9600
FAX 416-451-8320

‘tZentronics

155 Colonnade Road
Unit 17

Nepean K2E 7K1

Tel (613) 226-8840

FAX' 613-226-6350
SASKATCHEWAN
Zentronics

173-1222 Alberta Avenue
Saskatoon S7K 134

Tel 3&955-2202 2207
FAX (306) 244-3731
QUEBEC

Arrow Electronics Inc
050 Jean Talon Quest

Montreal H4P 1
Tel (514) 735-5611
FAX 51 1-4821

Arrow Electronics Inc

Hamlnon/Avnot Electronics
2796 Rue al

Tel (514) 335 1000
FAX 514-335-2481

Zentronics
817 McCafre
St Laurent H4T 1N4
Tel (514) 737-9700
FAX 514-737-5212
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ehltodnmq 61, 3rd Floor
2400 hagen NV
Tel; (01) 19°80

TLX: 19567

FINLAND

00390 Hesinki 39
Tel (0) 54 46 44
TLX: 123332
FRANCE

Intel

1 rue Eason BP 303

St Quentin
T.l (2990 57 70 00

Intel

Immeuble BBC

4, Q\lllLdvs Etroits
Tel' 78 Iﬁo 89
TLX 305153

-en-Yvelines Cedex

WEST GERMANY

Intel*

Seidistrasse 27

8000 Muenchen

Tel: (089) 5 38 90

TLX' 523177

Intel

Nmnuzo!lam st:nu 5
Tel: (051) 1 34 40 81
TLX.

Intel

Abraham Lincoin Strasse 16-18
6200 Wiesbaden

Tel: (08‘26217 6050

TLX. 4186183

intel

Bruckstrasse 61

7012 Fellbach

o8 158 00 82
ruk(ng‘szs

EUROPEAN SALES OFFICES

ISRAEL

Aiﬁdlm Industrial Park
P.0. Box 43202

Tel Aviv 61430

Tel* (03) 49 80 80

TLX: 371215

ITALY

Intel*

Mlllm'Aiod Palazzo E

ssago

Milano

Tel. (?} 824 40 71

TLX: 341286

NETHERLANDS

Intel®

Alexander Poort Building

Marten Meesweg 93

O

TLX 22&83

NORWAY

Intel

Hvamveien 4-P.0 Box 92
2013 Sk‘:\m\

Tel (67) 12 420

TLX 78018

SPAIN

Intel

Calle Zurbaran no. 28-1 Isq
28010 M

Tel: (1) 410 40 04
TLX:

SWEDEN

Intel*

"rzl1 (0!507'54. 0100
%0
SWITZERLAND

Intel*
Talackerstrasse 17

Tel- (01) 829 29 77
TLX' 5
UNITED KINGDOM

Intel*
Pipers Way
i itshire SN3 1RJ

, Wi
Tel (0793) 69 60 00
TLXA(44“"7

EUROPEAN DISTRIBUTORS/REPRESENTATIVES

AUSTRIA

Badw Eloctronm GmbH
1 120

Tel (0222) 835 64 60
TLX 131532

BELGIUM

Ineico
Av du Cronx de Guerve 94

ixelles

Ta' (02) 216 0160
DENMARK
ITT-Muitikomponent A/S
Naverland 29
2600 Glostrup
Tel (02) 45 66 45
TX
FINLAND
OY Fintronic AB
Melkonkatu 24A
00210 Helsinki 21
Tel (0) 692 60 22
TLX. 124224
FRANCE

" Generm
A+ dols Bananert BﬂmBP 88
919‘3 Les Ulis Cedex
Tol (1) 69 07 7878
Jormgvn SA
73-79, rue des Solets
Silic 585
s e e
TLX. Z)GOSG7
Metrol
Ioul dL.sna"u

, av_Laurent-Cely
92606
Tel. (2 47 90 62 40
TLX' 611448
Cho des Bruyere
65

Rue Carle-Vernet - BP 2

g?‘(? 45347535
TLX2)0¢552

*Field Application Location

WEST GERMANY

Electronic 2000 Vertriebs-AG
S ruberring 12

uenche
ol, (0391)420010

T Mumkompomm GmbH
7141 M
Yd (071002%9

Jermyn GmbH
im Dachsstueck 9

Tel (064) 31
TLX 415257-0

Meﬁrlologle GmbH o
|sttusse

luenchen 7
Tel (089)750420
TLX 5213189

Proelectron Vertriebs GmbH
Max Planck Strasse 1-3

6072 Dreieich

Tel (061) 03 30 43 43
TLX 417972

IRELAND

Micro Marketing
Glenageary Office Park
Co Oubin”

Tel (? 85 62 88

TLX 31584

ISRAEL

Eastronics Ltd

11 Rozanis Street

PO Box 39300

Tel Aviv 61392

Tel (03) 47 51 51

TLX 33638

ITALY

Intesi ation Italia S A
Mllmo%lwmuo E/5
Toi: (02) 82 47 01

TLX 311351

ITALY (Cont'd.)

Las Elettronica S p
Viale Fulvio Testi 126
20092 Cinisello Balsamo
Milano

Tel (02) 244 00 12
TLX 3 0
NETHERLANDS

Koning en Hartman
Ener %wsg 1

2627ng Delft

Tel (015) 60 99 06
TLX 38250

NORWAY
goofdlsk Elektronik A/S
Smodsvmgen 4

1364 Hvalstad

Tel (27) 84 6210

TLX 77546
PORTUGAL

Ditram

Av M Bombarda, 133-1 D
1000 Lisboa

Tel (1)54 5313

TLX 14182

SPAIN

ATD Electronica S A
Plaza Ciudad de Viena no 6

28040

Tel (|‘) 234 40 00

TLX 42477

Calie Ml Angel no 21-3

no 21-

28010 ngel

Tel (1) 419 09 57

TLX 27461

SWEDEN

Nordisk Elektronik A.B
Huvudst un

1PO Box

Tel: (0) 734 9770

TLX 10547

SWITZERLAND

industrade A G
Hertistrasse 31

8304 Wallisellen
Tel. (01) 8 30 50 40
TLX" 56788

UNITED KINGDOM

Accent Electronic Components Lt
Jubilee House, Jubilee Wa
Letchworth, SG6 1 Q!!
Td (0462) 68 66 66

Bytech Comway Ltd

Unit 2 The Western Centre
Western Road N

Bracknell
Berks RG12 1RW

Tel (0344) 4822 11 s
TLX( 84321 5

Jermyn

Vestry Estate

Otford Road

S
Kent TN14 5EU
Tel (0732‘) 4501 44
TLX 95142

Bucks HP11 2ER
Tel. (0494) 44 22 66
TLX 837931

Rapid Systems
Rabd Hbuss
High Wi

g} be
Bucks HP11 2ER
Tel (0494) 45 02 44
TLX' 837931

YUGOSLAVIA
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INTERNATIONAL SALES OFFICES

AUSTRALIA
intel Australia Ltd.*
rum Bull:lv

Pacific Hr

Crows Nest, N

Tol. (2) 957-2744

TLX: 20087

FAX: (2) 923-2632

BRAZIL

Intel Semicondutores do Brasil LTDA

Av. Paul 159-CJS 404/405

0‘311 - lo - SP.

T Tissi4g
FAX: 55-11-212-7631

CHINA

Intel PRC Corporation
15/F, Office 1, Citic Bidg.
Jian Guo Mon Wai Street
Beijing,

Tel: (
TLX: 7 INTEL CN
FAX. (1) 500-2053

HONG KONG

Intel Semiconductor Ltd.*
1701-3 Connaught Centre
1 Connaught Road

Tel, (5) 844-4555

TWX

FAX: (5) 294-589

ARGENTINA
DAFSYSSRL

TLX:
Hoywm Electronica S.R L
rec: 3631
Tel 54 (1) 701—«62/66
54 (1 ; 111722
221 2.
AUSTRALIA
Totnl Elowonlu
9 Hlvk S!r
Burwood, Victoria 3125
Tel 61-3-288-4044
TLX. AA 31261
Total Electronics
P 0. Box 139
Artamon, NSW 2064
Tel- 61-02-438-1855
TLX. 26297
BRAZIL

Elebra Microelectronica
R Geraldo Flausino Gomes, 78

\ndar B
04575 - Sao Paulo - S.P
Tel 55-11-534-9522
TLX 1154591 or 1154593BR
FAX 55-11-534-9637
CHILE
DIN Instruments
Suecia
Casilla 8055, Correo 22

it
Tel 52‘2’-225—!189
440422 RUDY CZ

CHINA

Novel Precision Machinery Co , Ltd.
Flat D, 20 Kingsford Ind Bidg.

Ph m , 26 Kwai Hei Street

NT, Kowloon

Tel £ 23-222

TWX 39114 JINMI HX

FAX 852-0-261-602

“Field Application Location

JAPAN

Intel Japan K K
5-8 Tokodai Toyosato-machi
Tlukubl 2un Ibaraki-ken 300-26

TLX 3656-100

FAX: 029747-8450

intel Ja&an KK.*

Dallchl litsugi Bidg

Fuchu-cho

Fuchu-lhl T“‘; 183
el 0423-80-7671

AX 0423-80-0315

Intel Japan K.K.*
Flow III Shin-machi Bldg
1-2 hinmachi

a) l-k Tok 154
Tel’ &Y u v
FAX: 03—427~7020

Intel Japan K K.*

Bidg. Kumagaya

288 Hon-cho

Kumu nm Saitama 360

FAX 04852 -7518

Intel Japan K.K.*
Mitsi imei Musashi-| kosugl Bidg
915 Shinmaruko, Nakahi

Kawasaki-shi, Kan;
Tel: 044-733-7011
FAX 044-733-7010

JAPAN (Cont'd)

Intel Japan K K.

Nihon &Imel Atsugi Bidg
1-2-1 Asahi-machi
Ats Ki jawa 243

Tal‘u&b 31
FAX: 0462-29-3781
Intel Japan KK *
Ryoku_lt_:m Eklhﬁldg

o? i, Osaka 560
Tel (0&563-1091
FAX' 06-863-1084
Intel Japan K.K.
smnmuru Bidg.

1-5-1 Marunouchi
Chiyoda-ku, Tokyo 100
Tel. 03-201-3621

AX 03-201-6850
Intel Japan K K.

Tokal Bid
1-16-30 Meleki Minami
Nakamura-ku, Nagoya-shi

icl
Tel 052-561-5181
FAX 052-561-5317

INTERNATIONAL
DISTRIBUTORS/REPRESENTATIVES

CHINA (Cont'd)

Schmidt & Co Ltd
18/F Grel( Elqle Centre

w.nchll. Hong Kong
Tel 852-5-833-0222

X 74768 SCHMC HX
FAX 852-5-891-8754

INDIA
Micronic Devices

LX 0845-8332 MD BG IN

Micronic Devices

403, Gagan Deep

12, Rajendra Place

New Delhi ||0 00!

Tel 91-58-97.

TLX. 03163235 MDND IN

Mlcronlc Devices
516 5th Fioor

No

Swastik Chlmbera
Sion, Chambray Road
Bomblym 1

Tel- 91-52-39-63
TLX 9531 171447 MDEV IN
JAPAN

Asahi Electronics Co. Ltd
KMM Bidg 2-14-1 Asano
Kokurakita-ku
Km ushu-shi 802

-511-8471
FAX 093-! 55!-786!
C Itoh Tochnmsaenu Co, Ltd
C Itoh Bidg , 2-5-1 anAoyuml
Minato-ku, Tokyo 107
Tel 03-497:
FAX 03-497-4969

igt
%g

JAPAN (Cont'd)

Dia Semicon Systems, Inc

chore 84, 1-37-8 sagganjuyl
&:yl -Ku, Toky

Tcl 386

FAX: 03~ 4!7 8088

FAX 052-204-2901

Ryoyo Eallsclra Corp

onwa
1-12-22 Tsukij
Cnuo-ku Tokj o 104
03 6-

AX 03-546- 5044

KOREA
J-Tek Corporation
6th Floor, Government Pension Bldg
34 -3 ngdo- on

oungdeungpo-ku
Soou?1 50 o
Tel 82-2-782-8039
TLX 25299 KODIGIT
FAX- 82-2-784-8391
Samsung Semiconductor &
Tgbac;r:rq?l?unam Co, Clr-t‘u "
1 afpyung-ro, u
Seoul 100 pyung g
Tel 82-2-751-3987
TLX. 27970 KORSST
FAX. 82-2-753-0967
MEXICO

Dicopel S.A.
Tocmlv 368 Fracc Ind. San Antonio

A:c
.80760~M0)(ICO. DF
o, 52-5-561-

TLX 1773790 DICOME

KOREA
Inte! Tecnnoiogy Asia Ltd
5-4 Yoldo<Do cW%uﬂgdoungw:»-ku

eoul 1

ol (2) 784-8186

LX 29312 INTELKO
'AX. (2) 784-8096

SINGAPORE

Intel Singapore Technology, Ltd
01 Thomson Road #21-
Goldhill Square
Ingl re 1130

: 250-7811
LX 39921 'NGTEL
TAIWAN

intel Technology (Far East) Ltd
|lw|n Branch
F., No. 205 Tun Hua N Road
pel R
‘ol 886-2-; 71 6-9660
LX 13159 INTELTWN
AX' 886-2-717-2455

NEW ZEALAND
Northrup Instruments & Systems Ltd
459 Kgc Pass Road
.0 x 5454 Newmarket
Aucklan
Tel 64- 9 501 219, 501-801
TLX 21570 THERMAL
Northrup Instruments & Systems Ltd
P O Box 2406
Wellington 856658
Tel. 64-4-856-658
TLX. NZ3380
FAX 64-4-857276
SINGAPORE
Francotone Elec(rcm% Pte Ltd

FAX 2895327

SOUTH AFRICA

Electronic Building Elements, Pty Ltd
P.O Box 4609

Pine Square, 18th Street
anlwood Pret oln 0001
Tel 27-12-469921

TLX 3-227786 SA

TAIWAN
Mitac Corporation

No 585, Ming Shen East Rd
Taipel, R O
Tel. 886-; 8231

FAX. 886-2- 5014265
VENEZUELA

P Benavides S A
Avilanes a Rio
Residencia Kamarat
Locales 4 AL 7

La canMInrla. Clucas
Tel: 58-2-!

LX:
FAX' 58-2-572-3321
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ALABAMA

5015 Brad'ord Drive, #2
Huntsville 35805

Tel (205) 830-4010
ARIZONA

Intel Corj
11225 N zem Dr, #D214
85029

Phoenix

Tel (602) 869-4980

500 E Fry Bivd, Suite M-15
Sierra Vista 85635

Tel (602) 459-5010
ARKANSAS

intel Corp

PO Box 206

Uim 72170

Tel (501) 241-3264
CALIFORNIA

Intel Corp .
21515 Vanowen St
Surte 116

canogl Park 91303

Tel (818) 704-8500

Intel Corp

2250 E Imperial Highway
Sutte 218

El Segundo 90245
Tel '-800-468-3548

1900 Pmne City Rd

Folsom 97

Tel (916) 351-6143

Intel Corj

2000 E 4th Street

Suite 110

Santa Ana 92705

Tel (714) 835-5789
910-595-2475

2700 San Tomas Expressway
Sanf 5051
Tel (408) 970 1740

Corp
4350 Executive Drive
Suite 105
San Diego 92121
Tel (619) 452-5880
COLORADO
Intel Corp
650 South Cherry
Suite 915

Denver 80222
Tel (303) 321-8086
TWX 910-931-2289

| CALIFORNIA

2700 San Tomas Expressway
Santa Clara 95051

Tel (408) 970-1700

CALIFORNIA

Santa Clara

2700 San Tosng% Expressway
Tel (408) 986-8086

CONNECTICUT

Intel C

26 MI“O;EII‘\ Road
Dunbu‘;g 06811

Tel (2 wa—awo
TWX 710-456-1199
FLORIDA

1500 N LE 62, Suite 104

Ft Lauderdale 33309

Tel (305) 771-0600
510-956-9407

Intel Cory
§42 N Westmonte Drive

Tgl”(rgsm Sgt 5’?5’ 32714

GEORGIA

itel Cor
3280 Ponnte Pavkwly
Suite 200
Norcross
Tel (404; m 117|

ILLINOIS

Intet CO'T
300 N Martingale Rd
300

Schaumburg 60194
Tel (312) 310-5733

INDIANA

Intel Corp

8777 Purdue Rd , #125
Indianapolis 4

Tel (317) 875-0623

KANSAS

Intel Cory

8400 W ‘ 10th Street
Sutte 170

Overland Park 66210
Tel (913) 345-2727

KENTUCKY

3525 Tatgscveek Road, #51
Lexington 4050
Tel (¢ )272—6745

MARYLAND

Intel Corp

5th Floor

‘6033 Walker Dnve
reer

Tel (301) “1-1020

MASSACHUSETTS

Intel Corp

Waestford carp Center
3 Carlisle Road
Westford 01886

Tel (617) 692-1060

3

ILLINOIS
300 Marll alo7. #300
Tel (312) 3?05700

ILLINOIS

300N Martingale, #300
Schaumburg 60173
Tel (312) 310-8031

DOMESTIC SERVICE OFFICES

MICHIGAN

Intel Corp

707| Ovchald Lake Road
loomfield 48033

Tel (3!3) 851-8805

MISSOURI

SR Gt o &
art Xpress:
Suite 143 &4 ey

Earth City 63045
Tel (31;?29‘-2015
NEW JERSEY
335 Sylvnn Avenue
hiffs 07632
01 201 567-0821
991-8593

Intel Col

Edison 08817
Tel (201) 225-3000
NORTH CAROLINA

Intel Corp
omvmmw Road

Groensbovo 27407

Tel (919) 294-1541

Intel Corp

2700 Wychff Rd , Suite 102
uletgn

Tel (919) 781-8022
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