






























































































































































































































































































































































































































































































































































































H.l 

[5-3] 

6 
3 

The Version 1 Implementation H-5 

Only the low 33 bits of the Data Watchpoint Word Address field are implement­
ed. The 12 unused high-order bits must be zero. Figure 5-1 appears as follows: 

Unused 

{ 16) 

44 
87 

Zero 

(12) 

33 
65 

Data Watchpoint Word Address 

(33) 

Figure 5-1. Data Watchpoint Table Entry Format 

0000 
3210 

SUE 
OSN 

RA 

[5-4] The size of the Data Watchpoint Table is 2 (probably). I 

[5-5] The low-order 8 bits of the address must be zero or an illegal address trap will oc- I 

[5-6] 

[8-1] 

[8-2] 

cur. 

Bits 10 .. 8 of the address are replaced with the unique CPU ID. 

Refer to [2-15]. 

Refer to [2-17]. 

[9-1] Refer to [2-6] through [2-8]. 

[9-2] Refer to [2-11]. 

[9-3] Refer to [2-10]. 

I 
I 
I 

[9-4] The instruction cache is addressed by bits 19 .. 8 of the physical address corre­
sponding to srca, and the addressed cache line is killed. Since an entire 256 byte I 
cache line is killed, bits 7 .. 0 are not needed to address the instruction cache, 
though they are relevant if execution is continued sequentially from after the tar-
get of the ickill. In supervisor mode, since the physical address is the same as 
the virtual address, ickill may be used to kill physical memory, but only up to the I 
32 MB limit of supervisor !llode addressing. 

[9-5] Bits 20 .. 8 of srca give the cache line index. 

[9-6] The low-order 8 bits of srca must be zero, or else an illegal address trap occurs. 

[9-7] Refer to [2-12]. 

[9-8] pcl is not implemented and acts like a nop. 

[9-9] iskill takes effect on the third instruction word fetched after the instruction con­
taining the iskill. 

[9-10] 

[10-1] 

There are two delayed write buffers. 

Refer to [5-6]. 
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Appendix I. Floating-Point Operation Details 

This appendix contains details of how floating-point operations are carried out in the 
K-1. Tables are presented showing the input/output relationships for all floating-point oper­
ations. In conjunction with the IEEE floating-point standard document, ANSI/IEEE 754-
1985, this appendix completely specifies the behaviorofK-1 floating-point. 

1.1 Abbreviations 

The following abbreviations are used throughout this appendix: 

NaN Not-a-Number (either quiet or signaling) 
QNaN Quiet NaN 
SNaN Signaling NaN 
Z Zero 
FNZ Finite nonzero representable floating-point value 
oo Infinity 
BIAS Exponent bias 
INV OP Invalid operation exception 
DIV BY Z Division by zero exception 
FOVF Floating-point overflow exception 
FUDF Floating-point underflow exception 
INEXACT Inexact exception 

1.2 Use of NaN 

As described in the main body of the K-1 Architecture Manual, there are two kinds of 
NaNs recognized by the K-1: quiet and signaling. Section 2.3.2 specifies which bit patterns 
are recognized as QNaNs and as SNaNs, and what bit pattern is generated for QNaNs. As 
described there, except for data moving instructions, when the K-1 generates a NaN, it is al­
ways a QNaN with a sign bit of zero. Note that data moving instructions (such as negate) 
will never "generate" a NaN (though they move an arbitrary NaN from their input to their 
output). 

The floating-point negate function (neg.d and neg.s) is considered to be a data mov­
ing operation and therefore behaves differently than other floating-point instructions when 
presented with a NaN. Negate changes the sign of any input operand, including a NaN, and 
does not cause an invalid operation exception, even when given a signaling NaN. 

Note that except for the negate function, no bits of the fraction part of an input NaN 
are preserved by any of the floating-point operations. 
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I-2 Floating-Point Overflow and Underflow I.3 

1.3 Floating-Point Overflow and Underflow 

As mentioned in the section on Processor Status in Chapter 2, the K-1 supports 
floating-point exception traps, but they are not IEEE compatible. (The IEEE standard does 
not require any support for traps.) In particular, the behavior on floating-point overflow and 
underflow traps differs from that recommended by the IEEE standard. The results stored on 
floating-point overflow and underflow when trapping is not enabled are precisely in agree­
ment with the standard. 

The result stored for a floating-point operation that overflows when floating-point 
overflow traps are not enabled depends upon the sign of the infinitely precise result and the 
rounding mode in effect as described in section 7.3 of the standard. If floating-point overflow 
traps are enabled, then the result stored for an overflowed operation will contain the sign bit 
and the correctly rounded fraction, but a truncated exponent field. The "correct" unbiased ex­
ponent may be calculated by subtracting BIAS and then, if the result is negative, adding 

2*(BIAS + 1). 

Floating-point underflow is defined in terms of tininess and loss of accuracy. The K-1 
defines a result to be tiny whenever the infinitely precise unrounded result, r, satisfies the 
condition -2Emin < r < 2Emin. Loss of accuracy is defined to occur when an inexact result is 
delivered. 

When floating-point underflow traps are not enabled, a floating-point underflow ex­
ception is signaled whenever both tininess and loss of accuracy are detected. The correctly 
rounded result (which might be zero, ± 2Emin, or a denormalized number) will be stored and 
the floating-point underflow and inexact exception flags will be set. When floating-point un­
derflow traps are enabled, floating-point underflow exceptions require only that tininess be 
detected. In this case, the correctly rounded denormalized result (which may be zero) is 
stored, instead of the rebiased result suggested by the IEEE standard. Either a floating­
point underflow or a floating-point underflow and inexact trap occurs, depending on whether 
the result was inexact. 

Note that floating-point underflow and overflow exceptions frequently occur along 
with inexact exceptions. If a trap occurs in such a case, the Trap Locators (see Chapter 2 
and Appendix D) only store an indication that the combined condition (e.g., floating-point un­
derflow and inexact) occurred, even though only one of the two exceptions may have been en­
abled to trap. 

1.4 Floating-Point Operation Tables 

This section contains a table for each floating-point operation showing the results and 
exceptions generated for all operands. For each table entry, the first line shows the result, 
and subsequent (upper case) lines indicate the exceptions. Results and exceptions that de­
pend on the values of the FNZ inputs are given in parentheses. Footnotes explain the rea­
sons for unusual results and exceptions. 
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I.4.1 Floating-Point Addition I-3 

1.4.1 Floating-Point Addition 

The results for the floating-point addition instructions (add.d and add.s) are shown 
in Table I-1. Since addition is symmetric, only the upper triangular portion of the table is re­
quired. 
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1-4 Floating-Point Addition 1.4.1 

Table 1-1. Addition Results 

srcb + Z - Z +FNZ - FNZ +oo - 00 SNaN QNaN 
srca 

+Z +Z ±Z 
note 1 

+FNZ - FNZ + 00 - 00 QNaN QNaN 
INV OP 

-Z -Z +FNZ -FNZ + 00 - 00 QNaN QNaN 

- FNZ 

+ 00 

- 00 

SNaN 

QNaN 

+ FNZ (or +oo) 
(FOVF) 

(INEXACT) 
note2 

± FNZ (or± Z) 
(FUDF) 

(INEXACT) 
note 1,3 

+ 00 

INV OP 

- 00 QNaN QNaN 
INV OP 

.. ............ , . . ... . ..... 1.... --------+-------+---+----+----+---__, . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

- FNZ (or -oo) 
(FOVF) 

(INEXACT) 
note 2 

+ 00 - 00 QNaN QNaN 
INV OP 

. . .................... ... .............. ' .. ............ .... ... ......... ...... ... 1-------~----l----+----+-----t . . . . . . . . . . . . . . . + 00 QNaN QNaN QNaN . . . . . . INV OP INV OP : . .... .. .. .... .................. .... .... .. ~ ... .. ............ .. .... .. .......... ~ ...... ................. .. ..... .. ... 1----+---+----+-------1 . . . . . . . . . . . . . . . . . . . . . 
- 00 QNaN QNaN 

INV OP .. .. .. .. .. .. .. .. .. .. .. ~ ..... ......... ·>· ................... .. . .. ......... ·> . . .............. ..... . ...... ·> ... ...... .. . 
' ' . . . ' . . 

QNaN QNaN 
INV OP INV OP 

. . . . . ' . . 
: : : : . . . . . . . . . . . 

.. . . . . . . . .. . . ' . . . . ..... ~ ... ................. ~ .... . ... . .... . . . .... ~ ....... . .... .. .. ... . . . . . . . . . 
QNaN . . . . . . . . . . . . . . . . . . . .. . . . .. .. . .. . . . . . : ............... .............. .. ......... ... '. . . . . . .. . .. ········· ....... . . ... 

Note 1: Section 6.3 of the IEEE standard specifies that if the sum of two 
operands with opposite signs is exactly zero, the sign of the result 
depends on the rounding mode. If the floor rounding mode is used, 
the sign is negative; for all other rounding modes the sign is positive. 

Note 2: Standard Section 7.5 specifies that if the sum overflows without an 
overflow trap, the INEXACT exception will also be signaled, and the 
result may be the same-signed infinity or the largest-magnitude 
number, depending on the rounding mode as specified in the IEEE 
standard section 7.3. 

Note 3: Underflow can never be inexact in addition/subtraction. Thus, 
underflow is never signaled when its trap is not enabled: the 
condition for signaling in that case requires both underflow and 
inexact. A trapped underflow will never be accompanied by 
INEXACT. 
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I.5 Floating-Point Negation 1-5 

I.5 Floating-Point Negation 

The floating-point negate instructions (neg.d and neg.s) simply complement the sign 
bit of their input operand, regardless of the value it may represent. In particular, negate does 
not cause an invalid operation exception when given an SNaN, nor does it output a QNaN in 
this case. 

1.6 Floating-Point Subtraction 

The floating-point subtraction operation calculates srcb - srca. This operation is de­
fined to be srcb plus the negation of srca. The results of floating-point subtraction instruc­
tions (sub.d and sub.s) can therefore be determined from the above rule for negation togeth­
er with Table 1-1. 
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I-6 Floating-Point Multiplication I.7 

1.7 Floating-Point Multiplication 

The sign of the result for all input operands is always the exclusive-or of the sign 
bits of the input operands. The results for the floating-point multiplication instructions 
(mult.d and mult.s) are shown in Table I-2. 

rca s 

z 

FNZ 

00 

SN aN 

QN aN 

Table 1-2. Multiplication Results 

srcb z FNZ 00 SNaN QNaN 

z z QNaN QNaN QNaN 
INV OP INV OP 

FNZ (or oo or Z) 
(FUDF) QNaN 

(FOVF) 00 INV OP QNaN 
(INEXACT) 

note 1,2 
.................... .. .... 

00 QNaN QNaN 
INV OP 

.. .. .. ...... .. .. .. ........ .. .. .............. . .. ... ...... . ............ ... .. 

QNaN QNaN 
INV OP INV OP 

.. .. .. .. ........ ........... ........ .. ........ ........ . . .. ...... .. .. .. .. ... . .............. .... ........ 

QNaN 
................. .... ...... .. .. ........ . ............. ... ............ ...................... . ..................... 

Note 1: Section 7 .5 of the IEEE standard specifies that if the result overflows 
without an overflow trap, the INEXACT exception will be signaled, 
and the result may be the same-signed infinity or the largest­
magnitude number, depending on the rounding mode as specified in 
the IEEE standard section 7 .3. 

Note 2: An underflowed number may become zero through denormalization 
loss. Inexactness is one of the conditions detected for underflow 
(when traps are not enabled), so an FUDF exception could be 
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I.8 Floating-Point Division 1-7 

1.8 Floating-Point Division 

The sign of the result for all input operands is always the exclusive-or of the sign 
bits of the input operands. The results for the operation srca + srcb (the floating-point divide 
instructions div.d and ;div.s) are shown in Table 1-3. 

Table 1-3. Division Results 

srcb z FNZ 00 SNaN QNaN 
s rca 

z 

FNZ 

00 

s NaN 

Q NaN 

QNaN z z QNaN QNaN 
INV OP INV OP 

FNZ (or oo or Z) 
00 (FUDF) QNaN 

DIVBYZ (FOVF) z INV OP QNaN 
(INEXACT) 

note 1, 2 

00 00 QNaN QNaN QNaN 
note 3 INV OP INV OP 

QNaN QNaN QNaN QNaN QNaN 
INV OP INVOP INV OP INV OP INV OP 

QNaN QNaN QNaN QNaN QNaN 
INV OP 

Note 1: Section 7 .5 of the IEEE standard specifies that if the result overflows 
without an overflow trap, the INEXACT exception will be signaled, 
and the result may be the same-signed infinity or the largest­
magnitude number, depending on the rounding mode as specified in 
the IEEE standard section 7.3. 

Note 2: An underflowed number may become zero through denormalization 
loss. Inexactness is one of the conditions detected for underflow 
(depending on whether traps are enabled), so an FUDF exception 
could be accompanied by an INEXACT exception (IEEE standard 
section 7.4). 

Note 3: The IEEE standard section 7.2 specifies that the DIV BY Z 
exception should not be signaled in the case of a divisor equal to zero 
and a dividend equal to infinity. The correctly signed infinity will be 
returned, and no exception will be signaled. 
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1-8 Floating-Point Square Root 1.9 

1.9 Floating-Point Square Root 

The results for the operation srca1f2 (the floating-point square root instructions sqrt.d 
and sqrt.s) are shown in Table 1-4. Note that square root can never underflow. 

Table 1-4. Square Root Results 

Operand Result Value and Exceptions 

+Z +Z 

-Z -Z 

FNZ in the range rounded result 

Z<FNZ<oo (INEXACT) 

FNZ in the range QNaN 

-oo~FNZ <Z INV OP 

+oo +oo 

SNaN QNaN 
INV OP 

QNaN QNaN 
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I.10 Floating-Point Conversions 1-9 

1.10 Floating-Point Conversions 

Hardware support is provided for conversions between floating-point formats and for 
conversions between floating-point and integer formats. 

1.10.1 Conversion Between Floating-Point Formats 

The results of conversion from double precision to single precision (the cvtd.s instruc­
tion) are shown in Table 1-5. The results of conversion from single precision to double preci­
sion (the cvts.d instruction) are shown in Table 1-6. 

Table 1-5. Double to Single Conversion Results 

Operand Result Value and Exceptions 

z z 

FNZ smaller than Z, or denorm, or smallest normalized number 
smallest representable FUDF, (INEXACT) 
nonzero single precision note 1 
number (FNZS) 

FNZ in the range rounded result 

FNZS ~ I FNZ I ~ FNZL (INEXACT) 

FNZ greater than oo or largest finite number 
largest representable FOVF, (INEXACT) 
finite single precision note 2 
number (FNZL) 

00 00 

SNaN QNaN 
INV OP 

QNaN QNaN 

Note 1: If an underflow trap is enabled, then the inexact exception is not a 
required condition for underflow. An INEXACT exception could also 
occur and be signaled (IEEE standard section 7.4 ). 

Note 2: Section 7 .5 of the IEEE standard specifies that if the result overflows 
without an overflow trap, the INEXACT exception will be signaled, 
and the result may be the same-signed infinity or the largest­
magnitude number, depending on the rounding mode as specified in 
IEEE standard section 7.3. 
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1-10 Conversion Between Floating-Point Formats 

Table 1-6. Single to Double Conversion Results 

Operand Result Value and Exceptions 

z z 

FNZ FNZ 

00 00 

SNaN QNaN 
INV OP 

QNaN QNaN 

Table 1-7. Signed or Unsigned Integer to Floating-Point Conversion Results 

Operand Result Value and Exceptions 

z + z 

any nonzero FNZ 
integer (INEXACT) 

note 1 

Note 1: Since the integer representation has 64 bits of prec1s1on and the 
floating-point format has 24 or 53, the floating-point format 
representation can be inexact, in which case an INEXACT exception 
is signaled. 

1.10.1 
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I.10.2 Conversion Between Floating-Point and Integer Formats I-11 

1.10.2 Conversion Between Floating-Point and Integer Formats 

The results of conversion from signed integer to double or single precision floating­
point format (the cvtl.d and cvtl.s instructions) are shown in Table I-7. The results of con- I 
version from unsigned integer to double precision floating-point (the cvtul.d instruction) can 
also be seen in Table 1-7. The results of conversion from double or single precision floating­
point to signed integer format (the cvtd.l and cvts.l instructions) are shown in Table I-8. 

Table 1-8. Floating-Point to Signed Integer Conversion Results 

Operand Result Value and Exceptions 

z zero 

FNZ of greater magnitude largest-magnitude same-signed integer 
than can be represented in integer INV OP 
fonnat (either positive or negative: note 1 
note positive and negative maximum 
m~tudes will differ bJ'.. 1) 

possibly rounded integer 
FNZ (INEXACT) 

note 2 

largest magnitude same-signed integer 
00 INV OP 

note 1 

QNaN zero 
INV OP 

SNaN zero 
INV OP 

Note 1: Conversion to integer of infinity and numbers too large to be 
represented in the destination format will be considered invalid 
operations. According to the IEEE standard section 7.1, if conversion 
of a floating-point number to an integer format results in an infinity, a 
NaN, or overflows and cannot be represented in the integer format, 
and this cannot be signaled any other way, then the INV OP 
exception will be signaled. 

Note 2: If the result cannot be converted back into floating-point format and 
give the same original floating-point value, then INEXACT is 
signaled (IEEE standard section 7 .5). 
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INDEX 

absolute branch instruction fonnat 3-4, 3-5, 7-1, 7-
2, 7-4 

access 
supervisor mode 2-9, 2-10, 2-11, 2-12, 2-15, 2-

21, 2-22, 2-23, 2-26, 5-1, 5-4, 5-47, 5-
48, 5-53, 9-8 

user mode 2-9, 2-10, 2-11, 2-12, 2-13, 2-15, 2-
19, 2-22, 2-23, 5-1, 5-2, 5-3, 5-4, 5-53 

add instruction C-4 
add.d instruction C-2, 1-3 
add.s instruction 1-3 
addc instruction C-4 
address 

absolute branch 3-5, 7-2, 7-4, H-4 
alignment 2-8 
mapping 2-10 
physical 2-10 
program 2-16, H-2 
reference 2-9 
virtual 2-9, 2-10 

address mapping 2-10 
data 2-11, 5-1 
instruction 2-10 

addressing modes 2-8 
addt instruction D-7 
alignment 2-8 
Arithmetic Exception Flags 2-20, 2-21, 4-1, C-9 
Arithmetic Trap Enables 2-20, 4-1 

bank conflict C-3, C-11 
base 2-9 
binary semaphore 2-16 
boof instruction C-4 
bootstrap 2-29 
bpt instruction 2-25, 2-28, 2-29, C-9, D-3 
branch 

target 2-18, 9-4 
branch address 

absolute 3-5, 7-2, 7-4, H-4 
branching 

conditional 2-7, 4-1 
delayed 2-17 

Byte Order Low-to-High 2-3, 2-8, 2-20, 2-21, 2-
22, 5-1, 5-2, D-15 

cache 
data 2-1, 2-14, C-3, C-7, C-11 
instruction 2-1, 2-14, C-7, C-10 

cache coherence 2-1, 2-15, 2-16, 9-8, E-3 
cache effects 2-14 
cache line 2-14, 5-3, 5-4, 5-53, 9-7, 9-8, 9-9, 9-10, 

12-3, E-1, H-3, H-5 
cache miss 9-8, 9-9, C-3, C-7. C-10, C-11, C-12 
call instruction 3-4, 3-5, 3-6, 7-1, C-4, D-6 
check trap 6-61 
chk instruction D-7 
clock 

cycle 2-23, C-1 
compare instructions C-4 

floating-point 4-1 
integer 6-16 

conditional branching 2-7, 4-1 
conditional execution 2-18, 4-1 
conditional short constant instruction fonnat 3-2, 

3-3 
console 

interrupt 2-24, 2-26 
constants 2-1, 2-6, 2-8, 2-9, 5-2 

long 3-3, 12-3 
short 3-3 

counter 
uptime 2-23 

cvtd.l instruction 1-11 
cvtd.s instruction 1-9 
cvtl.d instruction 1-11 
cvtl.s instruction 1-11 
cvts.d instruction 1-9 
cvts.l instruction 1-11 
cvtul.d instruction 1-11 
cycle 2-23, C-1 

data 
shared 2-14, 2-15, 5-1, 5-44, 5-47, 5-48, 9-8 

data address mapping 2-11 
data cache miss 9-8, 9-9, C-3, C-7, C-11, C-12 
data map miss 2-13, 2-24, 5-2, 5-3, 9-9 
data page table, see page table 
data types 2-3 
data watchpoint 5-1, 5-3, 5-4, 5-53 
data watchpoint table 5-53 
decode trap 2-25, 2-26, 2-27, 2-28, D-1, D-3, D-4 
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Index 2 

delay instructions 2-17, 2-18, 7-1 
first 2-17, 2-18 
second 2-17, 2-18 

delay slot 2-17, 2-18, 7-1 
first 2-17, 2-18 
second 2-17, 2-18 

delayed branching 2-17 
delayed execution control field 2-17, 2-28, 3-4, 10-

8 
delayed write buffer 9-8, C-11, H-5 
dflush instruction 2-12, 2-13, 2-16, 2-29, 5-2, 5-3, 

5-53, C-12, D-13 
shared 2-16, 9-8 

disable bit 2-17, 2-18, 2-25, 2-28, 2-29 
div .d instruction C-6, 1-7 
div.s instruction C-6, 1-7 
divssr instruction 2-21, C-6 
divsst instruction 2-21, C-6 
dshfl instruction C-4, C-6 
dshfr instruction C-4, C-6 

early load 2-18 
Early Load Alignment Trap 2-19, 2-20, 2-23, 5-3, 

5-4, D-15 
ECC 5-2, 5-3, 5-4 
echk instruction 2-7, 2-19, D-3, D-12 
echk trap 2-19, 5-49, 5-50 
ELF flags 2-7, 2-19, 2-23, 2-29 
eload instruction 2-7, 2-8, 2-12, 2-13, 2-19, 2-23, 

5-1, 5-2, 5-4, D-12 
special error conditions 5-4 

exception 
floating-point 2-20, 4-1, 4-5, 4-13 

execution 
conditional 2-18 
program 2-16 

exts instruction 2-17, 2-22, 2-28, 3-4, 3-6, 5-1, 5-
2, 5-3, 5-53, C-10, D-6, D-15 

exts instruction format 3-4, 3-6 

fdst 3-1 
flags 

Arithmetic Exception Flags 2-20, 2-21, 4-1 
ELF flags 2-7, 2-19, 2-23, 2-29 
Processor Status 2-7, 2-19, 2-20, 3-2, 4-1 

floating-point 
addition 1-3 
conversion 1-9 
division 1-7 
multiplication 1-6 

negation 1-5 
square root 1-8 
subtraction 1-5 
trap 2-26, 4-5, 4-13, D-1, D-3, D-4, D-7 

floating-point add functional unit 2-1, 2-2, 6-1, C-
2, C-3, C-5, C-9, C-10, D-1, D-5, D-8 

floating-point divide/square root functional unit 2-
1, 2-2, 6-1, C-4, C-5, C-9, C-10, D-1, D-2, 
D-5 

floating-point multiply functional unit 2-1, 2-2, 6-
1, C-3, C-5, C-9, C-10, D-1, D-8 

floating-point multiply unit D-5 
floating-point numbers 2-4 
floating-point operations 1-2 
format code 2-6, 3-1, D-8 
format, see instruction format 
fsrc 3-1 
functional unit 2-1, 2-26, C-1, C-2, C-3, C-5, C-

10, D-2 
fetch, see instruction fetch unit 
floating-point 4-13 
floating-point add 2-1, 2-2, 6-1, C-2, C-3, C-

5, C-9, C-10, D-1, D-5, D-8 
floating-point divide/square root 2-1, 2-2, 6-1, 

C-4, C-5, C-9, C-10, D-1, D-2, D-5 
floating-point multiply 2-1, 2-2, 6-1, C-3, C-

5, C-9, C-10, D-1, D-5, D-8 
integer 2-1, 2-2, 6-1, C-3, C-4, C-5, C-9, C-

10, D-1, D-5, D-8 
issue, see issue unit 
latency 2-25, C-2, C-3, C-4, C-8 
load/store 2-1, 2-2, C-3, C-5, C-7, C-10, C-

11, D-1, D-5 
pipelines C-2, C-3, C-7, C-9, C-10, D-11 
read pan C-5, C-6 
wrapping C-4 

general registers 2-7 

halt 2-26 
halt instruction C-5 

1/0, see input/output 
IO instruction 2-16, 2-25, 3-1, 3-2, 3-4, 3-6, C-1, 

C-5, C-6, C-9, D-6, D-7, D-8, D-9 
Il instruction 2-16, 2-25, 3-1, 3-2, 3-4, 3-6, C-1, 

C-5, C-6, C-9, D-6, D-7, D-8, D-9 
ickill instruction 2-29, 3-4, 3-6, C-10, D-6 
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illegal access 2-13, 5-2, 5-3, 5-4, 9-9 
illegal address 2-8, 2-19, 2-23, 5-1, 5-2, 5-3, 5-4 
illegal instruction 2-18, 2-25, 3-6, 7-1, 13-1 
index 2-9 
input/output 2-1, 2-23 

interrupts 2-23, 2-24, 2-26 
instruction 3-1 

disabled 2-18, 7-1 
IO 2-16, 2-25, 3-1, 3-2, 3-4, 3-6, C-1, C-5, C-

6, C-9, D-6, D-7, D-8, D-9 
11 2-16, 2-25, 3-1, 3-2, 3-4, 3-6, C-1, C-5, C-

6, C-9, D-6, D-7, D-8, D-9 
issue 2-1, C-1, C-3, C-6 

instruction address mapping 2-10 
instruction cache C-7, C-10 
instruction cache miss C-10 
instruction fetch 2-16, 2-17, 2-18, 2-25 

trap 2-26, 2-27, 2-28, D-1 
unit 2-1, 2-2, C-1, C-5, C-6 

instruction formats 2-6, 2-7, 3-1 
absolute branch 3-4, 3-5, 7-1, 7-2, 7-4 
conditional short constant 3-2, 3-3 
exts 3-4, 3-6 
long constant 2-25, 3-3, 3-4, 3-5, 3-6, 12-3, C-

8, C-9 
PC-relative branch 3-1, 3-4, 3-5, 3-6, 7-1 
register 3-2, 3-3, C-8, C-9 
register branch 3-4, 3-6, 7-1, 7-3, 7-5, 9-4 
short constant 3-2, 3-3, C-8, C-9 

. unconditional short constant 3-2, 3-3 
instruction issue C-1, C-2, C-3, C-4, C-5, C-6, C-

7, C-8, C-9, C-10, C-11 
instruction map miss 2-17, 2-25, 2-28, 9-4, H-1 
instruction opcode 3-1 
instruction page ID 2-10, 2-15, D-5 
instruction page table, see page table 
Instruction Queue C-8 
instruction stache 2-15, C-1, C-7, C-8, C-10 
instruction stache miss C-7, C-8 
instructions 

bit count 6-54 
boolean 6-39 
cache 9-1 
check 6-61 
data moving 6-29 
ELF flag 5-49 
flag 6-58 
floating-point 4-1 
floating-point compare 4-1 
floating-point computation 4-13 
floating-point conversion 4-5 
1/0 11-1 
integer 6-1 
integer arithmetic 6-1 

integer compare 6-16 
load/store 5-1 
miscellaneous 12-1 
processor status register 8-1 
reverse 6-54 
shift 6-48 
timer 8-1 
transfer of control 7-1 
trap 10-1 
virtual memory 9-1 

Index 3 

Integer Divide Trap Enable 2-21, 6-14, 6-15 
integer functional unit 2-1, 2-2, 6-1, C-3, C-4, C-

5, C-9, C-10, D-1, D-5, D-8 
integer trap 2-26, D-1, D-7 
integers 2-3 
interlock C-2, C-3 

flag 12-3, C-4 
IO/II C-5 
register C-3 

interprocessor synchronization 2-16 
interrupt 2-25, 2-26, D-1 

console 2-24, 2-26 
I/0 2-23, 2-24, 2-26 
interval timer 2-24, 2-26, D-1 

interval timer interrupt 2-24, 2-26, D-1 
iskill instruction 2-15, 9-4, C-10 
issue 2-16, 2-21 

instruction 2-1, 2-21, 2-22, 2-25, 2-26, 2-27, 
C-1, C-2, C-3, C-4, C-5, C-6, C-7, C-
8, C-9, C-10, C-11 

unit 2-1, 2-2, C-1, C-7, C-8, C-9, C-10 

jump instruction 3-4, 3-5, 3-6, D-6 

latency 2-25, C-2, C-3, C-4, C-8 
ldecc instruction 5-4, D-12 
ldnecc instruction 2-12, 5-4, D-12 
ldpage instruction 2-13, 2-29, C-11, D-13, D-14 
line, see cache line 
lipage instruction 2-10, 2-29, C-5, C-7 
load 

early 2-18 
load instruction 2-7, 2-12, 2-13, 2-18, 2-19, 2-23, 

5-1 , 5-2, 5-4, C-7, C-11, D-12 
load.I instruction C-10 
load/store functional unit 2-1, 2-2, C-3, C-5, C-7, 

C-10, C-11, D-1, D-5 
load/store queue 2-26, 2-27 
load/store trap 2-26, D-1, D-3, D-4, D-10, D-11, D-

12 
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Index 4 

loadcpu instruction 2-12, 5-1, 5-2, 5-4, D-12 
long constant instruction format 2-25, 3-3, 3-4, 3-

5, 3-6, 12-3, C-8, C-9 

machine check 2-24, 2-27, D-1, D-2 
external D-2 
functional unit D-2 
instruction cache parity error D-2 
internal pipeline D-2 
trap-class D-2 

map(addr) 3-1, 5-2 
mem(size,paddr) 3-1, 5-2 
memory 2-7 

virtual 2-9 
memory precision 2-9 
memory transfer sub-line, see sub-line 
memory-related parity error 5-3, 5-4 
miss 

data cache 9-8, 9-9, C-3, C-7, C-11, C-12 
data map 2-13, 5-2 
instruction cache C-10 
instruction stache C-7, C-8 

mode 
addressing 2-8 
reference 2-9 
supervisor 2-9, 2-22 
user 2-9, 2-22, 2-23 

move instruction C-2 
move.d instruction 6-1 
multd instruction I-6 
mults instruction I-6 

NaN 
quiet 2-4 
signaling 2-4 
usage I-1 
values defined 2-5 

neg.d instruction I-1, I-5 
neg.s instruction I-1, I-5 
nonexistent memory 2-19, 5-2, 5-3, 5-4 
nop instruction 2-25, C-8, C-9 

opcode 3-1 

page 2-10 
invalid 2-13 

shared 2-12, 2-13, 5-1, 5-44, 5-47, 5-48, 9-8 
page control bit 2-12, 2-13 
page map, see page table 
page map/cache tag parity error 5-3, 5-4 
page table 2-10 

data 2-10, 2-12, 2-13, 2-15, 2-22, 2-29, 5-1, 5-
2, 5-3, 5-4, 9-3, 9-8 

instruction 2-10, 2-11, 2-15, 2-29, 9-2, D-5 
PC 2-16, 2-17, 7-1, H-2 

Restart PC 2-25, 2-26, 2-28, 10-8, D-15 
return PC 7-1 

PC-relative branch instruction 7-1 
PC-relative branch instruction format 3-1, 3-4, 3-

5, 3-6, 7-1 
pcl instruction 2-12, 2-13, 5-2, 5-53, C-11, C-12, 

D-12 
physical addresses 2-10 
pipelining C-2 
precision 2-8, 2-9 
privilege violation 2-18, 2-25, 7-1, 13-1 
Process Key 2-12, 2-13, 2-20, 2-21, 5-2, 9-3, D-15 
Processor Priority Level 2-20, 2-23, 2-27, 8-4 
Processor Status 2-8, 2-9, 2-11, 2-12, 2-19, 2-21, 2-

29, 4-1, 4-5, 5-1, 5-2, 8-1, 8-2, 8-3, H-4 
Arithmetic Exception Flags 2-20, 2-21, 4-1, C-

9 
Arithmetic Trap Enables 2-20, 4-1 
Byte Order Low-to-High 2-3, 2-8, 2-20, 2-21, 

2-22, 5-1, 5-2, D-15 
Early Load Alignment Trap 2-19, 2-20, 2-23, 

5-3, 5-4, D-15 
nags 2-7, 2-19, 2-20, 4-1 
Integer Divide Trap 2-21 
Integer Divide Trap Enable 6-14, 6-15 
Process Key 2-12, 2-13, 2-20, 2-21, 5-2, 9-3, 

D-15 
Processor Priority Level 2-20, 2-23, 2-27, 8-4 
Processor Version Number 2-19, 2-20, 8-3 
Rounding Mode 2-20, 2-21, 4-5, 6-15, 8-5 :· 
Small Address Compatibility Mode 2-9, 2-20, 

2-22, 2-23, 5-1, 5-2, 7-1, D-15 
Trace Enable 2-20, 2-21 
Trace Pending 2-20, 2-21, 2-22 
User Mode Load 2-11, 2-12, 2-20, 2-22, 2-23, 

5-1, 5-44, 9-10, D-15 
User Mode Store 2-11, 2-12, 2-20, 2-22, 2-23, 

5-1, 5-44, 9-7, 9-8, 9-9, D-15 
User Protection 2-11, 2-12, 2-13, 2-20, 2-22, 

2-23, 5-1, 5-2, 9-7, 9-9, 9-10, D-15 
Processor Version Number 2-19, 2-20, 8-3 
program addresses 2-16, H-2 
program counter, see PC 
program execution 2-16 

, '.i 
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rdst 3-1 
read port C-5, C-6 
reference 2-9 

mode 2-9 
shared 2-12,2-15 
supervisor mode 2-9, 2-10, 2-11, 2-12, 2-15, 2-

21, 2-22, 2-23, 2-26, 5-1, 5-4, 5-47, 5-
48, 5-53, 9-8 

user mode 2-9, 2-10, 2-11, 2-12, 2-13, 2-15, 2-
19, 2-22, 2-23, 5-1, 5-2, 5-3, 5-4, 5-53 

register branch instruction format 3-4, 3-6, 7-1, 7-
3, 7-5, 9-4 

register instruction format 3-2, 3-3, C-8, C-9 
registers 2-1, 2-6, 2-9 

general 2-7 
reserved C-3 

relf instruction 2-7, 2-19, D-12 
reserved 

register C-3 
reset operation 2-29 
reset trap 2-26, 2-27, 2-29 
Restart PC 2-25, 2-26, 2-28, 10-8, D-1, D-15 
return PC 7-1 
rfec instruction C-12, D-12 
rios instruction 2-23, C-12, D-13 
rounding 2-21, 1-2, 1-4, 1-6, 1-7, 1-9 
Rounding Mode 2-20, 2-21, 4-5, 6-15, 8-5 
rps instruction 2-19, 2-26, C-4, C-9, D-15 
rtrpd instruction 2-26, 2-27, C-4, D-1, D-10, D-

12, D-14 
rut instruction 2-24, C-4 

sel instruction C-4 
semaphore 2-16 
serial instructions C-5, C-9 
shared 

data 2-12, 2-14, 2-15, 5-1, 5-44, 5-47, 5-48, 9-
8 

page 2-12, 2-13 
reference 2-12, 2-15 

shared dflush 2-16, 9-8 
short constant instruction format 3-2, 3-3, C-8, C-

9 
sign extended 2-3 
slstrpd instruction 2-26, 2-27, 5-3, 5-53, D-1, D-

12, D-14 
Small Address Compatibility Mode 2-9, 2-20, 2-

22, 2-23, 5-1, 5-2, 7-1, D-15 
spl instruction 2-19, 2-23, C-4, C-9 
sqrt.d instruction C-6, 1-8 
sqrt.s instruction C-6, I-8 
srca 3-1,3-2 

srcb 3-1, 3-2 
srcc 3-1 
srm instruction 2-19, 2-21, C-4, C-5, C-9 
stache 

instruction 2-15, C-1, C-7, C-8, C-10 

Index 5 

store instruction 2-12, 2-13, 2-27, 5-1, 5-2, 5-4, 5-
53, C-6, C-11, D-12, D-13, D-14, D-15 

storecpu instruction 2-12, 2-27, 5-1, 5-2, D-12 
strap instruction 2-28, C-9, D-3, D-4 
sub-line 2-14, 5-3, 5-4, E-1, E-2, H-3 
sub.d instruction 1-5 
sub.s instruction 1-5 
subb instruction C-4 
subt instruction D-7 
supervisor mode 2-9, 2-22 
swat instruction 2-12, 2-13, 2-16, 5-2, 5-53, D-12, 

D-13, D-14, D-15 
synchronization 2-16 

target 
branch 2-18, 9-4 

timers 2-23 
timing C-1 
Trace Enable 2-20, 2-21 
Trace Pending 2-20, 2-21, 2-22 
trace trap 2-25, 2-28 
trap 2-24, 2-26 

arithmetic 2-20, 2-21 
bpt instruction 2-25, 2-28, 2-29, D-3 
check 6-61 
data map miss 2-13, 2-24, 5-2, 5-3, 9-9 
data watchpoint 5-3, 5-4, 5-53 
decode 2-25, 2-26, 2-27, 2-28, D-1, D-3, D-4 
dflush-type 5-3 
ECC 5-2, 5-3, 5-4 
echk 2-19, 5-49, 5-50 
eload-type 5-3 
floating-point 2-26, 4-5, 4-13, D-1, D-3, D-4, 

D-7 
handling D-1 
illegal access 2-13, 5-2, 5-3, 5-4, 9-9 
illegal address 2-8, 2-19, 2-23, 5-1, 5-2, 5-3, 5-

4 
illegal instruction/privilege violation 2-18, 2-

25, 3-6, 7-1, 13-1 
imprecise 2-25, 2-26, 2-27 
in Trap State 2-26 
instruction fetch 2-26, 2-27, 2-28, D-1 
instruction map miss 2-17, 2-25, 2-28, 9-4, H-1 
integer 2-26, 4-5, D-1, D-7 
invalid operation 2-4, 4-1 
load-type 5-3 
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Index 6 

load/store 2-26, D-1, D-3, D-4, D-10, D-11 , D-
12 

memory-related parity error 5-3, 5-4 
NaN causing 2-4 
nonexistent memory 2-19, 5-2, 5-3, 5-4 
page map/cache tag parity error 5-3, 5-4 
precise 2-25, 2-27 
reset 2-26, 2-27, 2-29 
return from 2-28 
simultaneous D-1 
store-type 5-3 
strap instruction 2-28, D-3, D-4 
trace 2-21, 2-22, 2-25, 2-28 
trap instruction 2-25, 2-28, D-3, D-4 
vectoring 2-27, 2-29 
xtrap instruction 2-28, D-3, D-4 
zcl-type 5-3 

trap data 
load/store D-1 
primary D-1 

trap instruction 2-25, 2-28, C-9, D-3, D-4 
Trap Locator 2-26, 2-27, D-1, D-5 
trap sequence 2-26 
Trap State 2-9, 2-11 , 2-15, 2-19, 2-20, 2-21, 2-22, 

2-23, 2-24, 2-26, 2-27, 2-28, 2-29, 5-53, 7-
2, 7-3, 10-3, 10-8, C-9, C-10, D-8, D-9, D-
10, D-14, D-15, H-1 

Trap Summary 2-23, 2-25, 2-26, 2-27, D-1 
trap type D-1 

unconditional short constant instruction format 3-
2, 3-3 

undefined opcodes 13-1 
unordered 4-1 
uptime counter 2-23 
user mode 2-9, 2-22, 2-23 
User Mode Load 2-11, 2-12, 2-20, 2-22, 2-23, 5-1, 

5-44, 9-10, D-15 
User Mode Store 2-11, 2-12, 2-20, 2-22, 2-23, 5-1, 

5-44, 9-7, 9-8, 9-9, D-15 
User Protection 2-11, 2-12, 2-13, 2-20, 2-22, 2-23, 

5-1, 5-2, 9-7, 9-9, 9-10, D-15 

virtual addresses 2-9, 2-10 
virtual memory 2-9 

wdwp instruction 5-4, D-13 
welf instruction 2-7, 2-19, D-13 

wfec instruction C-12, D-12 
wios instruction 2-23, C-12, D-13 
wit instruction 2-24, C-4, C-9 
wps instruction 2-19, 2-20, 2-21, 4-1, C-4, C-5, C-

7, C-9, D-12, D-15 
wrapping C-4 

xtrap instruction 2-28, C-9, D-3 , D-4 

zcl instruction 2-12, 2-13, 2-29, 5-3, 5-53 , C-12, 
D-12 

zero extended 2-3 
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