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FOREWORD
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INTRODUCTION

Conventions

1. INTRODUCTION

The WE 32106 Math Acceleration Unit (MAU) provides floating-point coprocessing
capability for the WE 32100 Microprocessor (CPU) and is fully compatible with the IEEE
Standard for Binary Floating-Point Arithmetic (ANSI/IEEE Std 754-1985). The MAU’s
coprocessing capability is available in two modes, coprocessor and peripheral. Coprocessor
mode is used when the MAU is integrated with the AT& T UNIX Microsystem products
(e.g., WE 32100 CPU). It provides a tightly coupled interface, which increases
performance over that of peripheral mode. Since peripheral mode provides a loosely
coupled interface between the MAU and CPU, it is best used with other commercial
MiCroprocessors.

The MAU supports single (32-bit), double (64-bit), and double-extended (80-bit) precision
floating-point values. It can perform add, subtract, multiply, divide, remainder, square
root, and compare operations on any of these data formats. It also supports conversions to
and from integer and decimal data formats. The operand, result, and status and command
information transfers take place over a 32-bit bidirectional data bus that provides the
interface to the host microprocessor.

In systems using the WE 32100 CPU, programming the MAU is simplified by using the
MAU instruction set (MIS), an addition to the WE 32100 Microprocessor assembly
language instruction set. By using the MIS, the task of providing the proper sequences of
CPU coprocessor instructions and MAU operands is eliminated. These instructions, as well
as a full description of floating-point support, are found in the WE® 321SG Software
Generation Programs User Guide.

The MAU is implemented in CMOS technology and is available in a 125-pin square,
ceramic pin grid array (PGA) package. It is available in 10-, 14-, and 18-MHz versions
and requires a single 5 V supply.

1.1 CONVENTIONS

Where necessary in this document, formulas are written in C-language notation, with the
addition of the construct (**) to represent exponentiation.

A pseudo-C-language code is used to define some algorithms. Thus, the construct (====)
means "equal to" and the construct (=) means "assign to." The X field of element Y is
referenced as Y <X>.

Fields named Unused appear in various places. The behavior and uses of these fields are
specified for testing purposes only. They are reserved for future use and should not be
used by current software or hardware.

The word set is used when "given the value 1" is meant. The word cleared is used when
"given the value 0" is meant.

The word asserted is used when a signal is "active" (e.g., low for an active low signal, high
for an active high signal). The word negated is used when a signal is "inactive."

1-1



INTRODUCTION

Architectural Summary

The Glossary should be consulted for the definitions of any unfamiliar terms used in this
manual.

1.2 ARCHITECTURAL SUMMARY

The MAU has twe major subsystems: the fraction data path and the exponent data path.
The data width of each data path was chosen to facilitate calculations in the widest data
format. All operands are converted, upon entry to the MAU from memory, to the double-
extended-precision format. This causes no loss of precision and saves internal hardware
that would be necessary to explicitly support the narrower formats in all internal
operations. Figure 1-1 contains a block diagram of the WE 32106 Math Acceleration
Unit.

1.3 PROTOCOL MODES

The MAU interacts with a system in either coprocessor or peripheral mode protocol. The
coprocessor mode protocol allows high system throughput when the MAU is used with the
WE 32100 Microprocessor. The peripheral mode protocol allows use of the MAU with any
CPU that can perform data read and write bus transactions.

1.3.1 Coprocessor Mode

In coprocessor mode protocol, the CPU initiates an MAU transaction by performing a
coprocessor broadcast access. This access includes a word in the MAU’s command register
(CR) format (see 2.2 Registers). The MAU checks the identification field of this word
against the MAU’s identification value. If they match, the word is stored in one of the
MAU’s internal registers.

COMMAND
8
STATUS [ - |/0 PLA — & MAIN PLA
REGISTERS —
CONTROL LOGIC
et —————
|/0 FRAME 1/0 EXPONENT FRACTION

-3 =

LoGic [~ =1 DATA PATH [ =1 DATA PATH

T f

Figure 1-1. WE 32106 Math Acceleration Unit Block Diagram
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INTRODUCTION
Data Types and Formats

If any of the arguments passed along with the command word indicate that an operand is
to be obtained from memory, the MAU waits until the proper number of coprocessor data
fetch bus transactions occur. The words are stored in internal registers.

The MAU performs the operation, generating a result, new condition codes, and possibly
an exception. The MAU signals the CPU that it is done with its operation and waits until
a processor status fetch access is seen. If an exception is present, the MAU indicates an
exception and returns to the quiescent state. If there is no exception, the MAU returns the
status of the operation to the CPU.

If the result is to be placed in memory, the MAU waits until the proper number of
coprocessor data write bus transactions occur, putting a word of the result on the bus as
each transaction occurs. The MAU then returns to the quiescent state.

1.3.2 Peripheral Mode

In peripheral mode protocol, the MAU registers appear as memory-mapped locations and
are accessed via normal read and write operations. The CPU (or any other bus master)
starts an MAU transaction by writing a word into the MAU’s command register. When
the write access is completed, the MAU clears the result available (RA) bit in the
auxiliary status register and negates the DONE signal. The command is then executed by
using the operands available in registers FO through F3 or by reading values via the data
register (DR).

If any of the operands are to come from memory, the bus master must write the operands
into the DR one word at a time after the CR has been written. These operands are latched
into internal registers. If the result is to be placed in memory, the bus master must read
the result from the DR one word at a time and transfer the words to memory.

After the operation has been completed, the MAU updates the ASR contents to reflect the
new condition codes, exception bits, and any other bits resulting from the operation. The
RA bit in the ASR is set (1) and the MAU enters the quiescent state.

1.4 DATA TYPES AND FORMATS

The WE 32106 MAU supports IEEE single, double, double-extended, decimal, and integer
data formats. These are:

e Single-precision format with an 8-bit exponent and a 23-bit fraction.
e Double-precision format with an 11-bit exponent and a 52-bit fraction.
e Double-extended-precision format with a 15-bit exponent and a 64-bit fraction.

e Decimal format with 18 binary coded decimal (BCD) digits and a sign nibble.
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The integer format provides a binary representation of signed integers in 32-bit 2’s
complement format.

1.5 IEEE COMPATIBILITY

The WE 32106 MAU supports all requirements of the IEEE Standard for Binary
Floating-Point Arithmetic (ANSI/IEEE Std 754-1985), as well as some optional and
additional features.

The MAU supports the required single-precision and the optional double-precision and
double-extended-precision data formats. The optional single-extended-precision format is
not supported since the double-precision format fulfills all of the single-extended
requirements.

All required operations, rounding modes, and exception types are also supported. The
MAU’s rounding scheme provides accuracy of the computed result to within half of one
unit in the least significant bit position. Masking and sticky bits are provided for the
invalid-operation, underflow, overflow, divide-by-zero, and inexact exceptions.

The MAU operates on all operands internally in double-extended-precision format. The
internal operations are performed as if the intermediate results are computed to infinite
precision. The last intermediate result is converted to fit the destination format and then
rounded before being stored in the destination.

1.6 CHAPTER DESCRIPTIONS

This section provides a summary of the remaining chapters in this manual. For detailed
electrical, timing and physical characteristics, refer to the WE® 32106 Math Acceleration
Unit Data Sheet.

1.6.1 Functional Descriptions

Chapter 2 provides a description of the hardware associated with the WE 32106 MAU,
beginning with a thorough description of data types and formats. Also included are
information about the MAU’s internal registers and a discussion of rounding, exceptions,
context saving and restoring, and interrupts. The chapter concludes with a discussion of
the MAU’s quiescent state and its reset function.

1.6.2 MAU Signal Descriptions

Chapter 3 describes the MAU?’s input and output signals, arranged in the functional groups
of address and data, interface and control, status, bus exception, clocks, and test signals.

1.6.3 Bus Transactions

Chapter 4 describes the bus transactions of which the MAU is a participant. Both
peripheral mode and coprocessor mede transactions are discussed. Protocol diagrams,
showing the operation of the MAU, are also included in this chapter.
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1.6.4 Instruction Set

Chapter 5 describes, in detail, the instructions that the MAU is capable of performing.
The instructions are divided functionally and include arithmetic, logical, data transfer,
conversion, and miscellaneous groups. Information on special case handling, condition

flags, and exceptions is also provided.
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2. FUNCTIONAL DESCRIPTIONS

This chapter provides functional descriptions of the MAU, including data types, registers,
exceptions, and context saving and restoring. Also included are discussions on interrupts,
reset, the MAU’s quiescent state, and CPU-MAU interconnections.

2.1 DATA TYPES AND FORMATS

The WE 32106 Math Acceleration Unit (MAU) supports single, double, double-extended,
decimal, and integer data formats. The following sections describe the data types and
formats.

2.1.1 Single Precision

Single precision operands are 32 bits long. The single-precision format is shown and
described in Table 2-1.

Table 2-1. Single Precision Format

Bit 31 30 23 | 22 0
Field | Sign | Exponent | Fraction

Bit Field Description

0—-22 Fraction Fraction. A 23-bit string that encodes the significant bits of
the number. For normalized numbers, an implicit bit that
has a value of 1 resides immediately to the left of the binary
point, which lies immediately to the left of fraction bit 22.

23-=30 Exponent Exponent. These 8 bits represent an exponent biased by
127.

31 Sign Sign Bit. A 1 represents a negative value; O represents a
positive value.

Normalized Numbers

A number is normalized if the exponent field contains some value other than all 1s or all
Os.

The exponent field contains an exponent biased by 127. Thus the exponent of a normalized
single-precision number is in the range —126 through 127.

There is an 1mplicit bit associated with this format. The implicit bit is not explicitly stored
anywhere (hence its name). Logically, for normalized operands, the implicit bit has a
value of 1 and resides immediately to the left of the binary point, which lies immediately to
the left of fraction bit 22. Thus the implicit bit and fraction field together can represent

values in the range 1 through 2-2723
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Thlllg_]normalized single-precision numbers can be in the range + 27126 through (2—2723)
JPARSS

Denormalized Numbers

A number is denormalized if the exponent field contains all Os and the fraction field does
not contain all Os. In this case, the implicit bit is O.

Thus denormalized single-precision numbers can be in the range + 27126 « 2723 through
271264 (1-2729).

Special Case Values

The algorithm for defining a special case value for the single-precision data format is as
follows:

If (exponent == max)
If (fraction == min)
Then the number is infinity (positive or negative as determined by
the sign bit).
Else the number is NaN (trapping if the fraction MSB == (; nontrapping
if the fraction MSB == 1).
Else if (exponent == Min)

If (fraction == min)
Then the number is zero (positive or negative as determined by the
sign bit).

Else the number is denormalized.
Else the number is normalized.

Table 2-2 gives the names of special cases and how each is represented.
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Table 2-2. Single Precision Special Case Values
Fraction
Value Name Sign | Exponent Value
Value Value Bit 22 Bits 21—0
Nontrapping NaN X max 1 X
Trapping NaN X max 0 NONzero
Positive Infinity 0 max min
Negative Infinity 1 max min
Positive Zero 0 min min
Negative Zero 1 min min
Denormalized Number X min Nonzero
Normalized Number X notmm X

Legend:
X = don’t care

Max = the maximum value that can be stored in the field (all 1s)
Min = the minimum value that can be sored in the field (all Os)

NaN = not a2 number

NotMM = the field is not equal to either the min or max values (is not all Os or

all 1s)

Nonzero = the field contains at least one "1" bit

When the MAU generates a nontrapping NaN, the fraction contains all 1s. The MAU

never generates a trapping NaN.

2.1.2 Double Precision

The double-precision operands are 64 bits long. The double-precision format is presented

in Table 2-3.
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Table 2-3. Double Precision Format

Bit 63 62 52 | S1 0
Field | Sign | Exponent | Fraction

Bit Field Name/Description

0-—-51 Fraction Fraction. A 52-bit string that encodes the significant bits of
the number. For normalized numbers, an implicit bit that
has a value of 1 resides immediately to the left of the binary
point, which lies immediately to the left of fraction bit 51.

52—62 Exponent Exponent. These 11 bits represent an exponent biased by
1023.

63 Sign Sign Bit. A 1 represents a negative value; a 0 represents a
positive value.

Normalized Numbers

A number is normalized if the exponent field contains some value other than all 1s or all
Os.

The exponent field contains an exponent biased to 1023. Thus the exponent of a
normalized double-precision number is in the range —1022 through 1023.

There is an implicit bit associated with this format. The imzplicit bit and fraction field
together can represent values in the range 1 through 2—27°%, Thus normalized double-
precision numbers can be in the range + 271022 through (2—273%) » 21023

Denormalized Numbers

A number is denormalized if the exponent field contains all Os and the fraction field does
not contain all Os. In this case, the implicit bit is 0.

Therefore, denormalized double-precision numbers can be in the range 21022, 5=32
through 271022 4 (1-2732),
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Special Case Values

The algorithm for defining a special case value for the double-precision data format 1s as
follows:

If (exponent == max)
If (fraction == min)
Then the number is infinity (positive or negative as determined by
the sign bit).
Else the number is NaN (trapping if the fraction MSB == 0; nontrapping
if the fraction MSB == 1).

Else If (exponent == min)
If (fraction == min)
Then the number is zero (positive or negative as determined by the
sign bit).

FElse the number is denormalized.
Flse the number is normalized.

Table 2-4 gives the names of special cases and how each is represented.

Table 2-4. Double Precision Special Case Values
Fraction
Value Name Sign | Exponent Value
Value Value Bit 51 Bits 50—0

Nontrapping NaN X max 1 X
Trapping NaN X max 0 NONZero
Positive Infinity 0 max min
Negative Infinity 1 max min
Positive Zero 0 min min
Negative Zero 1 min min
Denormalized Number X min nonzero
Normalized Number X notmm X

Legend:

X = don’t care

Max = the maximum value that can be stored in the field (all 1s)
Min = the minimum value that can be stored in the field (all Os)
NaN = not a number

NotMM = the field is not equal to either the min or max values

(is not all Os or all 1s)

Nonzero = the field contains at least one "1" bit

When the MAU generates a nontrapping NaN, the fraction contains all Is.
The MAU never generates a trapping NaNN.
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2.1.3 Double-Extended Precision

Double-extended-precision operands are 80 bits long. Table 2-5 describes the double-
extended-precision format.

Table 2-5. Double-Extended Precision Format

Bit | 95 80 79 78 64 | 63 | 62 0
Field Unused Sign | Exponent J | Fraction

Bit Field Description
0—62 Fraction Fraction. A 63-bit string that encodes the significant bits of
the number.
63 J Explicit Bit. This bit resides immediately to the left of the

binary point.

64—78 Exponent Exponent. These 15 bits represent an exponent biased by
16383.

79 Sign Sign Bit. A 1 represents a negative value; a 0 represents a
positive value.

80—95 Unused Unused. These bits are ignored and overwritten with Os

Normalized Numbers

A number is normalized if the exponent field contains some value other than all 1s and the
J (explicit) bit is equal to 1.

The exponent field contains an exponent biased by 16383. Thus the exponent of a
normalized double-extended-precision number is in the range —16382 through 16383.

There is an explicit (J) bit associated with this format. The J bit resides to the left of the
binary point (in the 2° position). Therefore, the J bit and the fraction field together can
represent values in the range 0 through 2-2763,

Thus normalized double-extended-precision numbers can be in the range +2~16382 through
(2_2—63 ) 216383_
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Unnormalized and Denormalized Numbers

A number is unnormalized if the exponent field contains some value other than all 1s or all
0s and the J (explicit) bit is equal to 0. A number is denormalized if the exponent is 0,
J = 0, and the fraction is nonzero.

Denormalized double-extended-precision numbers can be in the range + 2763 * 2716382

through (1—2763) « 27106383,

Special Case Values

The algorithm for defining a special case value for the double-extended-precision data
format i1s as follows:

If (exponent == max)
If (J+fraction == min)
Then the number is infinity (positive or negative as determined by
the sign bit).
Else the number is NaN (trapping if the digit to the right of the binary
point in the significand is zero, and nontrapping if this bit is one).
Else if (exponent == min)
If (J+fraction == min)
Then the number is zero (positive or negative as determined by the
sign bit).
Else if (J = 0) and fraction '= 0 then the number is denormalized,
else the number is normalized.
Else if (J == 0)
Then the number is unnormalized.
Else the number is normalized.

Table 2-6 shows the names of special cases and how each is represented.
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Table 2-6. Double-Extended Precision Special Case Values
Fraction
Value Name Sign Exponent J Value
Value Value Value | Bit 62 Bits 0—61
Nontrapping NaN X max X 1 X
Trapping NaN X max X 0 Nonzero
Positive Infinity 0 max 0 min
Negative Infinity 1 max 0 min
Positive Zero 0 min 0 min
Negative Zero 1 min 0 min
Denormalized Number X min 0 nonzero
Unnormalized Number X notmm 0 X
Normalized Number X notmax 1 X
Legend:

X = don’t care

Max = the maximum value that can be stored in the field (all 1s)
Min = the minimum value that can be sored in the field (all Os)

NaN = not a number

NotMM = the field is not equal to either the min or max values

(is not all Os or all 1s)

Nonzero = the field contains at least one "1" bit

J+fraction refers to the value of the J and fraction bits, considered

as one large field

When the MAU generates a nontrapping NaN, J+fraction contains all 1s. The MAU

never generates a trapping NaN.

2.1.4 Decimal

Decimal operands are 76 bits long. Table 2-7 shows the format for a decimal operand and
describes each bit position. The decimal format supported by the MAU is a fixed-point
decimal format. When performing conversions to and from floating-point decimal format,
software support is needed to provide the range required by the IEEE standard for these

operations.
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Table 2-7. Decimal Format
Bit | 95 76 | 75 72| 71 68 | 67 64 | 63 60 | 59 56 | 55 52 | 51 48 | 47 44 | 43 40
Field | UNUSED | D17 | Di6 | D15 | Di4 | DI13 | Di2 | DIl | D10 D9
Bit | 39 36 | 35 32 |31 28 [ 27 24 23 20 |19 16 | 15 12 |11 8 |7 4|3 0
Field | D8 D7 D6 D5 D4 D3 D2 DI | DO* | Sign
*D stands for digit. Each digit is 4-bits wide.
Bit Field Description
0-3 Sign Sign Bits. These 4 bits represent the sign of the number.
They are also used to represent NaNs and infinity. The sign
values have the following meanings: -
Bits Bits
3,2,1,0 Meaning 3,2,1,0 Meaning
0000 Positive infinity 1000 Trapping NaN
0001 Negative infinity 1001 Trapping NaN
0010 Positive NaN 1010 Positive number
0011 Negative NaN 1011 Negative number
0100 Trapping NaN 1100 Positive number
0101 Trapping NaN 1101 Negative number
0110 Trapping NaN 1110 Positive number
0111 Trapping NaN 1111 Positive number
4-=175 DO—D17 | Digits. These 72 bits make up 18 decimal digits (each digit
is 4 bits wide). The leftmost digit (d17) is the most
significant.
76—95 Unused Unused. These bits are ignored and overwritten with Os.
Numbers

Each digit is in the range 0 to 9. Thus, the decimal format can represent numbers in the
range + O through 10'8—1.
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Special Case Values

The algorithm for defining a special case value in the decimal format is as follows:

If (sign == 0)
Then the number is positive infinity.
Else if (sign == 1)
Then the number is negative infinity.
Else if (sign == 2)
Then the number is a positive nontrapping NaN.
Else if (sign == 3)
Then the number is a negative nontrapping NaN.
Else if ((sign >= 4) & & (sign <= 9))
then the number is a trapping NaN.
Else if (sign >= 10)
Then if (any digit >= 10)
Then the number is a nontrapping NaN.
Else if ((sign == 10) || (sign == 12) || (sign == 14) || (sign == 15))
Then the number is a positive number.
Else the number is a negative number.

Table 2-8 shows the names of special cases and how each is represented.

Table 2-8. Decimal Format Special Case Values
Value Name Digit Values Sign Value
Nontrapping NaN X 0010 or 0011
Nontrapping NaN 1010,1011,1100,1101, | 1010, 1011, 1100, 1101,
1110 or 1111 1110 or 1111
Trapping NaN X 0100, 0101, 0110, 0111,
1000 or 1001
Positive Infinity X | 0000
Negative Infinity X 0001
Number 0000 through 1001 1010, 1011, 1100, 1101
1110 or 1111

X = don’t care
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2.1.5 Integer

An integer number is represented as a 2’s complement 32-bit operand. This representation
is shown on Figure 2-1.

- 32 bits £

31 0

T

Binary Point

Figure 2-1. Integer Format

2.2 REGISTERS

This section describes the functions and formats of the MAU registers. The MAU has the
following registers:

e An auxiliary status register (ASR), used to control various features of the MAU and to
record various events.

e Four operand registers (FO—F3), used to hold floating-point operands.

e A command register (CR), used to specify and initiate operations via peripheral mode
accesses. This register is not readable.

o A data register (DR), used to transfer operands in and out of the MAU during
operations via peripheral mode accesses. Also, when of an exception occurs, the
information supplied to the exception handler is stored in DR.

The ASR, CR and DR are accessible in peripheral mode.

2.2.1 Auxiliary Status Register

The auxiliary status register (ASR) performs such functions as signaling the state of an
operation (result available bit), disabling and recording exceptions (mask and sticky bits),
controlling rounding of results (round control bits), and recording condition codes (negative
and zero bits).

2-11
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The negative, zero, integer overflow, and inexact bits in the ASR match the positions of
the negative, zero, overflow, and carry bits (the condition codes) in the PSW register of the

WE 32100 Microprocessor. This allows the bits to be copied into the PSW as part of the

coprocessor status access and to be easily tested by CPU software.

The bits of the ASR are described in Table 2-9.

Table 2-9. Auxiliary Status Register

Bit 15 14 13 12 11 10 | 9 8 7 6 5 4 0
Field | UNUSED |IM |[OM |UM |QM |PM | IS | OS | US QS | PR | UNUSED
Bit(s) Field Contents Description
0—4 Unused Unused These bits appear as 0 when read.
5| PR Partial Set (1) when result of a remainder operation is a
Remainder | partial remainder; cleared (0) when result is a
full remainder.
6 QS Divide by Set (1) if the divisor is normalized zero and
Zero Sticky | dividend is a finite nonzero number.
7 | US Underflow Set (1) if exponent of a rounded result of an
Sticky arithmetic operation is too small to be represented
in the exponent field of the destination format.
8 OS Overflow Set (1) if exponent of a rounded result of an
Sticky arithmetic operation is too large for the exponent
field of the destination format.
9 IS Invalid Set (1) if a result cannot be stored in a
Operation destination legally, or if illegal operands are given
Sticky to some operation.
10 PM Inexact If this bit is set (1) by the user, an exception
Mask occurs when bit 18 of the ASR is set; if this bit is
cleared (0), there are no inexact exceptions.
11 QM Divide by If this bit is set (1) by the user, an exception
Zero Mask occurs when bit 6 of the ASR is set; if this bit is
cleared (0), there are no divide by zero
exceptions.
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Table 2-9. Auxiliary Status Register (Continued)

Bit | 31 | 30 26 | 25 24 23 22121 12019 |18 | 17 16
Field | RA | UNUSED | ECP | NTNC RC NI Z|IO|PS|CSC|UO

Bit(s) | Field Contents Description
12 | UM Underflow If this bit is set (1) by the user, an exception
Mask occurs when bit 7 of the ASR is set; if this bit is
cleared (0), there are no underflow exceptions.
13 OM Overflow If this bit is set (1) by the user, an exception
Mask occurs when bit 8 of the ASR is set; if this bit is
cleared (0), there are no overflow exceptions.
14 IM Invalid If this bit is set (1) by the user, an exception
Operation occurs when bit 9 of the ASR is set. If this bit is
Mask cleared (0), there are no invalid operation
exceptions.
15 Unused Unused This bit appears as O when read.
16 Uuo Unordered Set (1) when a compare operation results in an
unordered indication; otherwise, it is cleared (0).
17 CSC Context Set (1) on every MAU instruction execution,
Switch except move from ASR (RDASR) and load DR
Control (LDR) instructions.

Note: Reading the ASR leaves the contents of the
DR unchanged.

18 PS Inexact Set (1) if the result cannot be specified in the
Sticky destination format.

19 | IO Integer Set (1) when a convert float-to-integer operation
Overflow causes an overflow.

Note: The integer overflow condition is
nonmaskable in the MAU.

20 Z Zero* Set (1) if result of last operation is zero; cleared
(0) if result is nonzero.

21 N Negative* Set (1) if result of the last operation is negative;
cleared (0) if result is positive.

Note: It is possible for an operation to result in
both bits 20 and 21 being set since negative zero is
a representable number.

*Bit is undefined when the result for the destination is NaN.
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Table 2-9. Auxiliary Status Register (Continued)

Bit(s) Field Contents Description
22,23 RC Round Represents the round control mode. The code is
Control interpreted as:
Bits
23, 22 Mnemonic Description
00 RN Round to nearest
01 RP Round towards plus infinity
10 RM Round towards minus infinity
11 RZ Round towards zero
(truncation)

24 NTNC Nontrapping This bit is tested when an invalid operation
NaN Control | exception occurs and bit 14 is cleared. If this
bit (bit 24) is set (1), an exception occurs and
bit 9 is set. It is expected that software will
write a virtual program counter value into the
fraction portion of the nontrapping NaN
generated. If bit 24 is cleared (0), no exception
occurs and a nontrapping NaN is generated
(generated nontrapping NaNs have the least
significant bit of the fraction portion set).

25 ECP Exception Set (1) if any one of the floating-point
Condition exceptions 1s present.
Present
26—30 Unused Unused These bits appear as 0 when read.
31 RA Result Cleared (0) at beginning of an operation and set
Available (1) when result of an operation is available.
During the quiescent state, this bit has a value
of 1.
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2.2.2 Operand Registers

Each of the four operand registers (FO—F3) is 80 bits wide and contains one operand in
double-extended format (see Table 2-10). These registers, used to hold operands for MAU
operations, are shown as 96 bits wide because they are read and written as three 32-bit
words through the data register. In peripheral mode, bits 80 through 95 are ignored during
writes and returned as Os during read operations. Registers FO through F3 are unchanged
on reset; they are indeterminate on power-up.

Table 2-10. Operand Registers

Bit | 95 80 79 78 64 63 62 0
Field | UNUSED | SIGN | EXPONENT | J | FRACTION

Bit(s) Field Contents Description
0—62 Fraction Fraction These bits represent the fractional part of the
number.
63 J Explicit The J bit resides to the left of the binary point
Bit in the 2° position. Together, the J bit and

fraction field can represent values in the range 0
through 22763,

64—78 Exponent Exponent | The exponent field contains an exponent that is
biased by 16383.

79 Sign Sign A 1 represents a negative value; a 0 represents a
positive value.

80—95 Unused — —

2.2.3 Command Register

The command register (CR) accepts command words that are used to initiate an MAU
transaction. The command register format is shown in Table 2-11.
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Table 2-11. Command Register
Bit | 31 24 | 23 15 | 14 10 | 9 716 4 | 3 0
Field ID UNUSED | OPCODE OP1 OP2 OP3
Bit(s) | Field | Contents Description
0—3 | Op3 | Operand Specifies whether destination operand is an MAU register,
Specifier | a memory-based operand of a given size, or nonexistent
(no operand). Even though the register destinations are
specified as single, double, or double-extended, the result
is stored in the registers in double-extended precision.
The precision designations are used for rounding and
checking for underflow and overflow. The value of this
field is interpreted as:
Bits Operand Destination
3,2,1,0 Register Precision
0000 FO Single
0001 Fl Single
0010 F2 Single
0011 F3 Single
0100 F4 Double
0101 Fl Double
0110 F2 Double
0111 F3 Double
1000 FO Double-extended
1001 Fl Double-extended
1010 F2 Double-extended
1011 F3 Double-extended
1100 none Memory-based single word
1101 none Memory-based double word
1110 none Memory-based triple word
1111 none No operand
4—6 | Op2 | Operand Specifies whether second-source operand is an MAU
Specifier | register, a memory-based operand of a given size, or
nonexistent (no operand). The value of this field is
interpreted as:
Value Bits 6,5,4 Operand Location
000 Register FO
001 Register F1
010 Register F2
011 Register F3
100 Memory-based single word
101 Memory-based double word
110 Memory-based triple word
111 No operand
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Table 2-11. Command Register (Continued)
Bit(s) Field Contents Description

7—9 Opl Operand Specifies whether first-source operand is an MAU
Specifier | register, a memory-based operand of a given size,
or nonexistent (no operand). The value of this
field 1s interpreted as:

Value Bits 9.,8,7 Operand Location

000 Register FO
001 Register F1
010 Register F2
011 Register F3
100 Memory-based single word
101 Memory-based double word
110 Memory-based triple word
111 No operand
10—14 | Opcode | Operation | Specifies operation to be performed.
Code
15—23 — Unused These bits are returned as O when read.
2431 ID Processor | Specifies identification number of the coprocessor
ID that should react to the command word. The

Number MAU’s ID i1s O.

2.2.4 Data Register

The data register (DR) is used to read and write operands via peripheral mode accesses.
The DR appears as three 32-bit words in the peripheral mode address space. Each access
is a word access, and the source or destination (the format of the word) is determined by
the context of the access (e.g., if it is the third read during an ADD double-extended
operation where the first operand is in memory, the destination is bits 31 =0 of Opl).
Refer to 4.1 Peripheral Mode Transactions.

When an exception occurs, the information supplied to the exception handler is stored in
the DR. This information is summarized in Table 2-12. An extract result on a fault
(EROPF) instruction can be executed to retrieve this information from the DR.
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Table 2-12. Data Register Exception Handler Information

Exception Type

Information Supplied

Invalid
Operation

If either of the source operands is a trapping NaN, the DR contains
the NaN converted to double-extended precision (80 bits), if
necessary. If both source operands are trapping NaNs or infinities of
different signs, the second operand (Op2) in double-extended
precision (80 bits) is stored in the DR. If this exception occurs
during conversion or compare operations, refer to the corresponding

instruction description for information regarding the contents of the
DR.

Overflow or
Underflow*

The significand, along with the 17-bit internal result exponent and
result sign, is stored in the DR. The most significant bit of the 17-bit
exponent behaves like a sign bit in 2’s complement notation. An
addition bit (bit 79) in the exponent ensures that no significant
exponent bits are lost from an internal representation when an

overflow or underflow condition occurs. The exponent value is biased
by 16383. The format is:

Bit 81 80 64 | 63 | 62 0
Field | SIGN EXPONENT J FRACTION
SIGNIFICAND

Divide by Zero

The dividend (Op2) converted to double-extended precision, if
necessary, is stored in the DR.

Inexact

The rounded result converted to double-extended precision, if
necessary, is stored in the DR.

* This format is not IEEE standard. It contains more information than the standard
requires and can be converted to the standard with software.
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2.3 ROUNDING

Rounding of the result is performed at the end of every arithmetic operation that the MAU
performs. It is not a separate operation that is triggered via an opcode in a command word.

The type of rounding performed is controlled by the round control bits, 22 and 23, of the
ASR. The four types of rounding are:

Mnemonic Description
RN Round to nearest
RP Round towards plus infinity
RM Round towards minus infinity
RZ Round towards zero (truncation)

Rounding can be specified in terms of three numbers: Z, Z1, and Z2. The value Z is the
preliminary result of the operation, before rounding, and is considered to be represented by
an infinitely long sequence of bits. Z1 and Z2 are the two numbers representable in the
destination format which most closely bracket the value Z. Therefore, Z, Z1, and Z2
satisfy the relation:

]l <=7 < Z2.

If Z1===7, then there is no rounding error and RN(Z)==RP(Z)==RM(Z)==RZ(Z).
Otherwise, an inexact condition exists.

Using this model, the action associated with each of the rounding modes is specified as
follows:

RN (Round to nearest): The result is the nearer of Z1 and Z2 to Z. If Z1 and Z2 are
equidistant from Z, then the quantity whose least significant fraction bit is zero will
be the result.

RP (Round towards plus infinity): The result is Z2.
RM (Round towards minus infinity): The result is Z1.

RZ (Round towards zero): The smaller of Z1 and Z2 (in absolute value) is the result.

Note that upon exponent underflow, the result is not rounded twice; that is,
denormalization is performed before rounding.
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2.4 EXCEPTIONS

For each exception type, there is a mask bit and a sticky bit in the ASR. If the condition
associated with the exception type is satisfied, the MAU sets the sticky bit for that
exception type. If the mask bit is 1, an exception occurs; if the mask bit is 0, no exception
occurs. For the format of the data stored in DR on occurrence of invalid-operation,
divide-by-zero, or inexact exception, refer to the format descriptions in Overflow and
Underflow in 2.4.1 Exception Types.

The MAU never changes the value of the mask bits and never clears the sticky bits. These
actions, if necessary, must be done with software writes to the ASR.

2.4.1 Exception Types

This section specifies the exception types and the conditions that they represent. The
actions performed upon detection of the exceptional condition are also specified.

The exceptions follow an order of precedence, so that the highest-priority exception is taken
if more than one occurs. The ordering is as follows:

1. Invalid Operation (highest)
2. Divide-By-Zero, Overflow and Underflow

3. Inexact (lowest)

Invalid Operation
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