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1.1 Decimal Floating-Point (DFP)
Processor Overview

This chapter describes the behavior of the decimal
floating-point processor, the supported data types, for-
mats, and classes, and the usage of registers. Also
included are the execution model, exceptions, and
instructions supported by the decimal floating-point
processor.

The decimal floating-point (DFP) processor shares the
32 floating-point registers (FPRs) and the floating-point
status and control register (FPSCR) with the binary
floating-point (BFP) processor. However, the interpre-
tation of data formats in the FPRs, and the meaning of
some control and status bits in the FPSCR are different
between the BFP and DFP processors.

The DFP processor also shares the condition register
(CR) with the fixed-point processor and the BFP pro-
Cessor.

The DFP processor supports three DFP data formats:
DFP32 (single precision), DFP64 (double precision),
and DFP128 (quad precision). Most operations are per-
formed on the DFP64 or DFP128 format directly. Sup-
port for DFP32 is limited to conversion to and from
DFP64. For some operations, the DFP processor also
supports operands in other data types, including signed
or unsigned binary fixed-point data, and signed or
unsigned decimal data.

DFP instructions are provided to perform arithmetic,
compare, test, quantum-adjustment, conversion, and
format operations on operands held in FPRs or FPR
pairs.

B Arithmetic instructions

These instructions perform addition, subtraction,
multiplication, and division operations.

B Compare instructions

These instructions perform a comparison opera-
tion on the numerical value of two DFP operands.
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B Test instructions

These instructions test the data class, the data
group, the exponent, or the number of significant
digits of a DFP operand.

B Quantum-adjustment instructions

These instructions convert a DFP number to a
result in the form that has the designated expo-
nent, which may be explicitly or implicitly specified.

B Conversion instructions

These instructions perform conversion between
different data formats or data types.

B Format instructions

These instructions facilitate composing or decom-
posing a DFP operand.

These instructions are described in Section 1.6 “DFP
Instruction Descriptions” on page 23.

The three DFP data formats allow finite numbers to be
represented with different precision and ranges. Spe-
cial codes are also provided to represent +oo, — o, Quiet
NaN (Not-a-Number), and Signaling NaN. Operations
involving infinities produce results obeying traditional
mathematical conventions. NaNs have no mathemati-
cal interpretation. The encoding of NaNs allows a diag-
nostic information field. This diagnostic field may be
used to indicate such things as the source of uninitial-
ized variables or the reason an invalid result was pro-
duced.

The DFP processor recognizes a set of DFP excep-
tions which are indicated via bits set in the FPSCR.
Additionally, the DFP exception actions depend on the
setting of the various exception enable bits in the
FPSCR.

The following DFP exceptions are detected by the DFP
processor. The reporting exception status bits in the
FPSCR are indicated in parentheses.

® Invalid Operation Exception (VX)
SNaN (VXSNAN)
o0 - 00 (VXISI)
0+ oo (VXIDI)
0+0 (VXZDZ)
o x 0 (VXIMZ)
Invalid Compare (VXVC)
Invalid conversion (VXCVI)
B Zero Divide Exception (ZX)
® Overflow Exception (OX)
B Underflow Exception (UX)
B |nexact Exception (XX)

Each DFP exception, and each category of Invalid
Operation Exception, has an exception status bit in the
FPSCR. In addition, each of the five DFP exceptions
has a corresponding enable bit in the FPSCR. These
enable bits enable or disable the invocation of the sys-
tem floating-point enabled exception error handler, and

may affect the setting of some exception status bits in
the FPSCR.

The usage of these bits by the DFP processor differs
from the usage by the BFP processor. Section
1.5.10 “DFP Exceptions” on page 16 provides a
detailed discussion of DFP exceptions, including the
effects of the enable bits.

1.2 DFP Register Handling

The following sections describe first how the floating-
point registers are utilized by the DFP processor. The
subsequent section covers the DFP usage of CR and
FPSCR.

1.2.1 DFP Usage of Floating-Point
Registers

The DFP processor shares the same 32 64-bit FPRs
with the BFP processor. Like the BFP instructions, DFP
instructions also use 5-bit fields for designating the
FPRs to hold the source or target operands.

When data of the DFP32 format is held in a FPR, it
occupies the rightmost 32 bits of the FPR. The Load
Floating-Point as Integer Word Algebraic instruction is
provided to load the rightmost 32 bits of a FPR with a
single-word data from storage. The Store Floating-Point
as Integer Word instruction is available to store the
rightmost 32 bits of a FPR to a storage location.

Data of the DFP64 format, 64-bit binary fixed-point val-
ues, or 64-bit BCD values is held in a FPR using all 64
bits. Data of 64 bits may be loaded from storage via any
of the Load Floating-Point Double instructions and
stored via any of the Store Floating-Point Double
instructions.

Data of the DFP128 format or 128-bit BCD values is
held in an even-odd FPR pair using all 128 bits. Data of
128 bits must be loaded into the desired even-odd pair
of floating-point registers using an appropriate
sequence of the Load Floating-Point Double instruc-
tions and stored using an appropriate sequence of the
Store Floating-Point Double instructions.

When an even-odd FPR pair is used to hold a 128-bit
operand, the even-numbered FPR is used to hold the
leftmost doubleword of the operand and the next
higher-numbered FPR is used to hold the rightmost
doubleword. A DFP instruction designating an odd-
numbered FPR for a 128-bit operand is an invalid
instruction form.

Programming Note

The Floating-Point Move instructions can be used
to move operands between FPRs.

The bit definitions for the FPSCR are as follows.
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Bit(s)
0:28
29:31

32

33

34

35

36

37

38

Description
Reserved

DFP Rounding Control (DRN)
See Section 1.5.2, “Rounding Mode Specifi-
cation” on page 13.

000 Round to Nearest, Ties to Even

001 Round toward Zero

010 Round toward +Infinity

011 Round toward -Infinity

100 Round to Nearest, Ties away from 0
101 Round to Nearest, Ties toward 0

110 Round to away from Zero

111 Round to Prepare for Shorter Precision

Programming Note
FPSCRyg is reserved for extension of the
DRN field, therefore DRN may be set
using the mifsfi instruction to set the
rounding mode.

Floating-Point Exception Summary (FX)
Every floating-point instruction, except mtfsfi
and mtfsf, implicitly sets FPSCRgx to 1 if that
instruction causes any of the floating-point
exception bits in the FPSCR to change from 0
to 1. merfs, mifsfi, mifsf, mifsb0, and
mtfsb1 can alter FPSCRgx explicitly.

Floating-Point Enabled Exception Sum-
mary (FEX)

This bit is the OR of all the floating-point
exception bits masked by their respective
enable bits. mcrfs, mifsfi mifsf, mtfsbo,
and mtifsb1 cannot alter FPSCRggy explicitly.

Floating-Point Invalid Operation Exception
Summary (VX)

This bit is the OR of all the Invalid Operation
exception bits. merfs, mtfsfi, mtfsf, mtfsbo,
and mtfsb1 cannot alter FPSCRyy explicitly.

Floating-Point Overflow Exception (OX)See
Section 1.5.10.3, “Overflow Exception” on
page 19.

Floating-Point Underflow Exception (UX)
See Section 1.5.10.4, “Underflow Exception”
on page 19.

Floating-Point Zero Divide Exception (ZX)
See Section 1.5.10.2, “Zero Divide Exception”
on page 18.

Floating-Point Inexact Exception (XX)
See Section 1.5.10.5, “Inexact Exception” on
page 20.

FPSCRyx is a sticky version of FPSCRE, (see
below). Thus the following rules completely
describe how FPSCRyy is set by a given
instruction.

39

40

41

142

43

44

45

46

47:51

47

48:51

m [f the instruction affects FPSCRE, the
new value of FPSCRyy is obtained by
ORing the old value of FPSCRyy with
the new value of FPSCREg,.

B [f the instruction does not affect
FPSCRE,, the value of FPSCRyy is
unchanged.

Floating-Point Invalid Operation Exception
(SNaN) (VXSNAN)

See Section 1.5.10.1,
Exception” on page 18.

“Invalid Operation

Floating-Point Invalid Operation Exception
(co- 00) (VXISI)
See Section 1.5.10.1.

Floating-Point Invalid Operation Exception
(o0 = 00) (VXIDI)
See Section 1.5.10.1.

Floating-Point Invalid Operation Exception
(0+0) (VXZDZ)
See Section 1.5.10.1.

Floating-Point Invalid Operation Exception
(00 x0) (VXIMZ)
See Section 1.5.10.1.

Floating-Point Invalid Operation Exception
(Invalid Compare) (VXVC)
See Section 1.5.10.1.

Floating-Point Fraction Rounded (FR)

The last Arithmetic or Rounding and Conver-
sion instruction incremented the fraction dur-
ing rounding. See Section 1.5.1, “Rounding”
on page 12. This bit is not sticky.

Floating-Point Fraction Inexact (FI)

The last Arithmetic or Rounding and Conver-
sion instruction either produced an inexact
result during rounding or caused a disabled
Overflow Exception. See Section 1.5.1. This
bit is not sticky.

See the definition of FPSCRyy, above,
regarding the relationship between FPSCRE,
and FPSCRXX

Floating-Point Result Flags (FPRF)

This field is set as described below. For arith-
metic, rounding, and conversion instructions,
the field is set based on the result placed into
the target register, except that if any portion of
the result is undefined then the value placed
into FPRF is undefined.

Floating-Point Result Class Descriptor (C)
Arithmetic, rounding, and conversion instruc-
tions may set this bit with the FPCC bits, to
indicate the class of the result as shown in
Figure 1 on page 8.

Floating-Point Condition Code (FPCC)
Floating-point Compare and DFP Test instruc-
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48

49

50
51
52
53

54

55

56

57

58

59

60

tions set one of the FPCC bits to 1 and the
other three FPCC bits to 0. Arithmetic, round-
ing, and conversion instructions may set the
FPCC bits with the C bit, to indicate the class
of the result as shown in Figure 1 on page 8.
Note that in this case the high-order three bits
of the FPCC retain their relational significance
indicating that the value is less than, greater
than, or equal to zero.

Floating-Point Less Than or Negative (FL
or <)

Floating-Point Greater Than or Positive
(FG or >)

Floating-Point Equal or Zero (FE or =)
Floating-Point Unordered or NaN (FU or ?)
Reserved

Floating-Point Invalid Operation Exception
(Software Request) (VXSOFT)

This bit can be altered only by merfs, mifsfi,
mifsf, mtfsb0, or mitfsbi. See
Section 1.5.10.1, “Invalid Operation Excep-
tion” on page 18.

Neither used nor changed by DFP.

—— Programming Note

Although the architecture does not pro-
vide a DFP square root instruction, if soft-
ware simulates such an instruction, it
should set bit 54 whenever the source
operand of the square root function is
invalid.

Floating-Point Invalid Operation Exception
(Invalid Conversion) (VXCVI)
See Section 1.5.10.1.

Floating-Point Invalid Operation Exception
Enable (VE)
See Section 1.5.10.1.

Floating-Point Overflow Exception Enable
(OE)

See Section 1.5.10.3, “Overflow Exception” on
page 19.

Floating-Point Underflow Exception Enable
(UE)

See Section 1.5.10.4, “Underflow Exception”
on page 19.

Floating-Point Zero Divide Exception
Enable (ZE)
See Section 1.5.10.2, “Zero Divide Exception”
on page 18.

Floating-Point Inexact Exception Enable
(XE)

See Section 1.5.10.5, “Inexact Exception” on
page 20

61 Reserved (not used by DFP)
62:63 Binary Floating-Point Rounding Control
(RN)

See Section 1.5.1, “Rounding” on page 12.

00 Round to Nearest

01 Round toward Zero
10 Round toward +Infinity
11 Round toward -Infinity

Result
Flags Result Value Class
C<>=7?
00001 Signaling NaN (DFP only)
10001 Quiet NaN
0100 1] - Infinity
01000 |- Normal Number
1100 0| - Subnormal Number
10010]| - Zero
00010 ]| +Zero
1010 0| + Subnormal Number
00100 | +Normal Number
0010 1| +Infinity
Figure 1. Floating-Point Result Flags

1.3 DFP Support for Non-DFP
Data Types

In addition to the DFP data types, the DFP processor
provides limited support for the following non-DFP data
types: signed or unsigned binary fixed-point data, and
signed or unsigned decimal data.

In unsigned binary fixed-point data, all bits are used to
express the absolute value of the number. For signed
binary fixed-point data, the leftmost bit represents the
sign, which is followed by the numeric field. Positive
numbers are represented in true binary notation with
the sign bit set to zero. When the value is zero, all bits
are zeros, including the sign bit. Negative numbers are
represented in two’s complement binary notation with a
one in the sign-bit position.

For decimal data, each byte contains a pair of four-bit
nibbles; each four-bit nibble contain a binary-coded-
decimal (BCD) code. There are two kinds of BCD
codes: digit code and sign code. For unsigned decimal
data, all nibbles contain a digit code (D) as shown in
Figure 2

p|p|b|p]|...[D[D]|[D]D|

Figure 2. Format for Unsigned Decimal Data
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For signed decimal data, the rightmost nibble contains
a sign code (S) and all other nibbles contain a digit
code as shown in Figure 3.

'p|/p|bp|[b|...]p|[D]|D]s|

Figure 3. Format for Signed Decimal Data

The decimal digits 0-9 have the binary encoding 0000-
1001. The preferred plus-sign codes are 1100 and
1111. The preferred minus sign code is 1101. These
are the sign codes generated for the results of the
Decode DPD To BCD instruction. A selection is pro-
vided by this instruction to specify which of the two pre-
ferred plus sign codes is to be generated. Alternate
sign codes are also recognized as valid in the sign
position: 1010 and 1110 are alternate sign codes for
plus, and 1011 is an alternate sign code for minus.
Alternate sign codes are accepted for any source oper-
and, but are not generated as a result by the instruc-
tion. When an invalid digit or sign code is detected by
the Encode BCD To DPD instruction, an invalid-opera-
tion exception occurs. A summary of digit and sign
codes are provided in Figure 4.

Binary Recognized As
Code Digit Sign
0000 0 Invalid
0001 1 Invalid
0010 2 Invalid
0011 3 Invalid
0100 4 Invalid
0101 5 Invalid
0110 6 Invalid
0111 7 Invalid
1000 8 Invalid
1001 9 Invalid
1010 Invalid Plus
1011 Invalid Minus
1100 Invalid Plus (preferred; option 1)
1101 Invalid Minus (preferred)
1110 Invalid Plus
1111 Invalid Plus (preferred; option 2)

Figure 4. Summary of BCD Digit and Sign Codes

1.4 DFP Number Representation

A DFP finite number consists of three components: a
sign bit (s), a signed exponent (X), and a coefficient
(C). The signed exponent is a signed binary integer.
The coefficient consists of a number of decimal digits,
which are to the left of the implied decimal point. The
rightmost digit of the coefficient is called the units digit.
The numerical value of a DFP finite number is repre-

sented as (-1)597 X coefficient X 109XPo€N and the
unit value of this number is (1 X 109P°"€t) which is
called the quantum.

DFP finite numbers are not normalized. This allows
leading zeros and trailing zeros to exist in the coeffi-
cient. This unnormalized DFP number representation
allows some values to have redundant forms; each
form represents the DFP number with a different com-
bination of the coefficient value and the exponent value.
For example, 1000000 X 10° and 10 X 10'° are two
different forms of the same numerical value. A form of
this number representation carries information about
both the numerical value and the quantum of a DFP
finite number.

The significant digits of a DFP finite number are the dig-
its in the coefficient beginning with the leftmost nonzero
digit and ending with the units digit.

1.4.1 DFP Data Format

DFP numbers and NaNs may be represented in FPRs
in any of the three data formats: DFP32, DFP64, or
DFP128. The contents of each data format represent
encoded information. Special codes are assigned to
NaNs and infinities. Different formats support different
sizes in both coefficient and exponent.  Arithmetic,
compare, test, quantum-adjustment, and format
instructions are provided for the DFP 64 and DFP128
formats only.

The sign is encoded as a one bit binary value. Coeffi-
cientis encoded as an unsigned decimal integer in two
distinct parts. The leftmost digit (LMD) of the coefficient
is encoded as part of the combination field; the remain-
ing digits of the coefficient are encoded in the coeffi-
cient continuation field. Similarly, the exponent is
represented in two parts. However, prior to encoding,
the exponent is converted to an unsigned binary value
called the biased exponent by adding a bias value
which is a constant for each format. The two leftmost
bits of the biased exponent are encoded in the combi-
nation field and the remaining 6, 8, or 12 bits (depend-
ing on the format) are encoded in the biased exponent
continuation field.

1.4.1.1 Fields Within the Data Format

The DFP data representation comprises four fields, as
diagrammed below for each of the three formats::

|s| ¢ [BEC] cC
01 6 12 31

Figure 5. DFP32 format
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\s\ C \ BEC \ cC
01 6 14 63

Figure 6. DFP64 format

\s\ C \ BEC cC \
01 6 18 63
| cc |
64 127

Figure 7. DFP128 format
The fields are defined as follows:

Sign bit (S)
The sign bit is in bit 0 of each format, and is zero for
plus and one for minus.

Combination field (C)

This is a 5-bit field which contains the encoding of NaN
or infinity, or the two leftmost bits of the biased expo-
nent and the leftmost digit (LMD) of the coefficient. The
following tables shows the encoding:

C field |Description
11111 NaN
11110 | Infinity
All others | Finite Number (see Figure 9)

Figure 8. Encoding of the C field for Special

Symbols
Leftmost 2-bits of biased exponent
LMD
00 01 10

0 00000 01000 10000
1 00001 01001 10001
2 00010 01010 10010
3 00011 01011 10011
4 00100 01100 10100
5 00101 01101 10101
6 00110 01110 10110
7 00111 01111 10111
8 11000 11010 11100
9 11001 11011 11101

Figure 9. Encoding of the C field for Finite
Numbers

Biased Exponent Continuation field (BEC)

For DFP finite numbers, this field contains the remain-
ing bits of the biased exponent. For NaNs, the leftmost
bit in this field is used to distinguish a Quiet NaN from a
Signaling NaN; the remaining bits in a source operand
are ignored and they are set to zeros in a target oper-
and by most operations. For infinities, bits in this field

of a source operand are ignored and they are set to
zeros in a target operand by most operations.

Coefficient Continuation field (CC)

For DFP finite numbers, this field contains the remain-
ing coefficient digits. For NaNs, this field may be used
to contain diagnostic information. For infinities, con-
tents in this field of a source operand are ignored and
they are set to zeros in a target operand by most opera-
tions. The CC field is a multiple of 10-bit blocks. The
multiple depends on the format. Each 10-bit block is
called a DPD block and represents three decimal digits,
using the Densely Packed Decimal (DPD) encoding
defined in Appendix A.

1.4.1.2 Summary of DFP Data Formats

The properties of the three DFP formats are summa-
rized in the following table:.

Format
DFP32 DFP64 DFP128
Widths (bits):
Format 32 64 128
Sign 1 1 1
C 5 5 5
BEC 6 8 12
CcC 20 50 110
Exponent:
Max biased 191 767 12,287
Max (Xmax) 90 369 6111
Min (Xiin) -101 -398 -6176
Bias 101 398 6176
Precision (p) 7 16 34
(digits)
Magnitude:
Max normal (107-1)x | (106 - 1) | (1034- 1) x
number, Nppax 10% x 10369 10811
Min normal 1x10% | 1x10383 |1 x 106143
number, Npin
Min subnormal | 1 x 10719 | 1 x 10398 | 1 x 1076176
number, Dy,

Figure 10. Summary of DFP Formats

1.4.1.3 Preferred DPD Encoding

Execution of DFP instructions decodes source oper-
ands from DFP data formats to an internal format for

10 Power Architecture™ PowerPC® Processor -- Book | - 1l



Preliminary - Subject to change

processing, and encodes the operation result before
the final result is returned as the target operand.

As part of the decoding process, DPD blocks in the CC
field of source operands are decoded to their corre-
sponding BCD digit codes using the DPD-to-BCD
decoding algorithm. As part of the encoding process,
BCD digit codes to be stored into the CC field of the tar-
get operand are encoded into DPD blocks using the
BCD-to-DPD encoding algorithm. Both the decoding
and encoding algorithms are defined in Appendix A.

As explained in Appendix A, there are eight 3-digit dec-
imal values that have redundant DPD codes and one
preferred DPD code. All redundant DPD codes are rec-
ognized in source operands for the associated 3-digit
decimal number. Only the preferred DPD code is gen-
erated by DFP operations for the CC field of the target
operand.

1.4.2 Classes of DFP Data

There are six classes of DFP data, which include
numerical and nonnumeric entities. The numerical enti-
ties include zero, subnormal number, normal number,
and infinity data classes. The nonnumeric entities
include quiet and signaling NaNs data classes. The
value of a DFP finite number, including zero, subnormal
number, and normal number, is a quantization of the
real number based on the data format. The Test Data
Class instruction may be used to determine the class of
a DFP operand. In general, an operation that returns a
DFP result sets the FPSCRgpRe field to indicate the
data class of the result.

The following tables show the value ranges for finite-
number data classes, and the codes for NaNs and infin-

ity.

Data Class Sign Magnitude
Zero + 0*
Subnormal + Dmin < IX] < Npin
Normal + Nmin < Y] < Npax

* The coefficient is zero and the exponent is any rep-

resentable value

Figure 11. Value Ranges for Finite Number Data

Classes

Data Class |[Sign| C BEC cC

Infinity + | 1117 XXX ..o XXX | XXX . . . XXX
0

Quiet NaN + | 1117 [OXX . .. XXX | XXX . . . XXX
1

Signaling NaN | = [ 1111 [ 1XX ... XXX | XXX ... XXX
1

x Don’t care

Figure 12. Encoding of NaNs and Infinity Data
Classes

Zeros

Zeros have a zero coefficient and any representable
value in the exponent. A +0 is distinct from -0, and
zeros with different exponents are distinct, except that
comparison treats them as equal.

Subnormal Numbers
Subnormal numbers have values that are smaller than
Nmin @nd greater than zero in magnitude.

Normal Numbers
A normal number is a nonzero finite number whose
magnitude is between N, and Np,5x inclusively.

Infinities

An infinity is represented by Ob11110 in the combina-
tion field. When an operation is defined to generate an
infinity as the result, a default infinity is sometimes sup-
plied. A default infinity has all bits in the BEC and CC
fields set to zeros.

When used as a source operand, the contents of the
BEC and the CC fields of an infinity are usually ignored.
In all cases, the BEC field of a generated infinity con-
tains all zeros.

Infinities can participate in most arithmetic operations
and give a consistent result. In comparisons, any +w
compares greater than any finite number, and any -«
compares less than any finite number. All +o are com-
pared equal and all - are compared equal.

Signaling and Quiet NaNs
A NaN (Not-a-Number) is represented by the bit pattern
0Ob11111 in the combination field. There are two types
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of NaNs, Signaling and Quiet. A Signaling NaN (SNaN)
is distinguished from a Quiet NaN (QNaN) by the left-
most bit in the BEC field: ‘0’ for the QNaN and ‘1’ for the
SNaN. A special QNaN is sometimes supplied as the
default QNaN for a disabled invalid-operation excep-
tion; it has a plus sign, and all bits in the BEC field and
the CC field are set to zeros.

Normally, source QNaNs are propagated during opera-
tions so that they will remain visible at the end. When a
QNaN is propagated, the sign is preserved, the deci-
mal value of the CC field is preserved but is reencoded
using the preferred DPD codes, and the contents in the
BEC field are set to zero.

A source SNaN generally causes an invalid-operation
exception. If the exception is disabled, the SNaN is
converted to a corresponding QNaN which is propa-
gated. The differences between an SNaN and the cor-
responding QNaN are that the contents of the BEC field
of the QNaN are set to zero and the same decimal
value of the CC field is reencoded using the preferred
DPD codes in the QNaN. For some format-conversion
instructions, a source SNaN does not cause an invalid-
operation exception, and an SNaN is returned as the
target operand.

When more than one source operands are NaNs and a
NaN is to be propagated, if all source operands are
QNaNs, then the QNaN in FRA is propagated; if all
source operands are SNaNs, then the corresponding
QNaN of the SNaN in FRA is propagated; if they are
different kind of NaNs, then the corresponding QNaN of
the SNaN is propagated.

1.5 DFP Execution Model

DFP operations are performed as if they first produce
an intermediate result correct to infinite precision and
with unbounded range. The intermediate result is then
rounded to the destination’s precision according to one
of the eight DFP rounding modes. If the rounded result
has only one form, it is delivered as the final result; if
the rounded result has redundant forms, then an ideal
exponent is used to select the form of the final result.
The ideal exponent determines the form, not the value,
of the final result. (See Section 1.5.3  “Formation of
Final Result” on page 13.)

1.5.1 Rounding

Rounding takes a number regarded as infinitely precise
and, if necessary, modifies it to fit the destination’s pre-
cision. The destination’s precision of an operation
defines the set of permissible resultant values. For
most operations, the destination’s precision is the tar-
get-format precision and the permissible resultant val-
ues are those values representable in the target format.
For some special operations, the destination precision
is constrained by both the target format and some addi-

tional restrictions, and the permissible resultant values
are a subset of the values representable in the target
format.

Rounding sets FPSCR bits FR and FI. When an inex-
act exception occurs, Fl is set to one; otherwise, Fl is
set to zero. When an inexact exception occurs and if
the rounded result is greater in magnitude than the
intermediate result, then FR is set to 1; otherwise, FR is
set to zero. The exception is the Round to FP Integer
Without Inexact instruction, which always sets FR and
Fl to zero. Rounding may cause an overflow exception
or underflow exception; it may also cause an inexact
exception.

Refer to Figure 13 below for rounding. Let Z be the
intermediate result of a DFP operation. Z may or may
not fit in the destination’s precision. If Z is exactly one
of the permissible representable resultant values, then
the final result in all rounding modes is Z. Otherwise,
either Z1 or Z2 is chosen to approximate the result,
where Z1 and Z2 are the next larger and smaller per-
missible resultant values, respectively.

By increasing |Z|
Infinitely precise value
By decreasing |Z|

il

—
<« | [ | |
L1 a L1
4 4

Negative values «——}— Positive Values

»
»

Figure 13. Rounding

Round to Nearest, Ties to Even

Choose the value that is closer to Z (Z1 or Z2). In case
of a tie, choose the one whose units digit would have
been even in the form with the largest common quan-
tum of the two permissible resultant values. However,
an infinitely precise result with magnitude at least (Nyax
+ 0.5Q(Npay)) is rounded to infinity with no change in
sign; where Q(Np,ax) is the quantum of Ny 4y.

Round toward 0
Choose the smaller in magnitude (Z1 or Z2).

Round toward +
Choose Z1.

Round toward -
Choose Z2.

Round to Nearest, Ties away from 0

Choose the value that is closer to Z (Z1 or Z2). In case
of a tie, choose the larger in magnitude (Z1 or Z2).
However, an infinitely precise result with magnitude at
least (Nmax + 0.5Q(Npax)) is rounded to infinity with no
change in sign; where Q(Np,ax) is the quantum of Ny 4.
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Round to Nearest, Ties toward 0

Choose the value that is closer to Z (Z1 or Z2). In case
of a tie, choose the smaller in magnitude (Z1 or Z2).
However, an infinitely precise result with magnitude
greater than (N ax + 0.5Q(Npax)) is rounded to infinity
with no change in sign; where Q(Nax) is the quantum
of Nmax-

Round away from 0
Choose the larger in magnitude (Z1 or Z2).

Round to prepare for shorter precision

Choose the smaller in magnitude (Z1 or Z2). If the
selected value is inexact and the units digit of the
selected value is either O or 5, then the digit is incre-
mented by one and the incremented result is delivered.
In all other cases, the selected value is delivered.
When a value has redundant forms, the units digit is
determined by using the form that has the smallest
exponent.

1.5.2 Rounding Mode Specifica-
tion

Unless otherwise specified in the instruction definition,
the rounding mode used by an operation is specified in
the DFP rounding control (DRN) field of the FPSCR.
The eight DFP rounding modes are encoded in the
DRN field as specified in the table below.

DRN Rounding Mode

000 Round to Nearest, Ties to Even

001 Round toward 0

010  Round toward +Infinity

011 Round toward -Infinity

100 Round to Nearest, Ties away from 0
101 Round to Nearest, Ties toward O

110  Round away from 0O

111 Round for Prepare for Shorter Precision

Figure 14. Encoding of DFP Rounding-Mode

Control (DRN)

For the quantum-adjustment, a 2-bit immediate field,
called RMC (Rounding Mode Control), in the instruction
specifies the rounding mode used. The RMC field may
contain a primary encoding or a secondary encoding.
For Quantize, Quantize Immediate, and Reround, the
RMC field contains the primary encoding. For Round
to FP Integer the field contains either encoding,
depending on the setting of a RMC-encoding-selection

bit. The following tables define the primary encoding
and the secondary encoding.

P';Tngy Rounding Mode
00 Round to nearest, ties to even
01 Round toward 0
10 Round to nearest, ties away from 0

11 Round according to FPSCRpRy
Figure 15. Primary Encoding of Rounding-Mode

Control
Sec;mgary Rounding Mode
00 Round to + «
01 Round to - o«
10 Round away from 0
11 Round to nearest, ties toward O

Figure 16. Secondary Encoding of Rounding-Mode
Control

1.5.3 Formation of Final Result

An ideal exponent is defined for each DFP instruction
that returns a DFP data operand.

1.5.3.1

For all DFP operations,

W if the rounded intermediate result has only one
form, then that form is delivered as the final result.

m if the rounded intermediate result has redundant.
forms and is exact, then the form with the exponent
closest to the ideal exponent is delivered.

m if the rounded intermediate result has redundant
forms and is inexact, then the form with the small-
est exponent is delivered.

Use of Ideal Exponent
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The following table specifies the ideal exponent for
each instruction.

Operations Ideal Exponent

Add min(E(FRA), E(FRB))

Subtract min(E(FRA), E(FRB))
Multiply E(FRA) + E(FRB)

Divide E(FRA) - E(FRB)
Quantize-Immediate | See Instruction Description
Quantize E(FRA)

Reround See Instruction Description
Round to FP Integer | max(0, E(FRA))

Convert to DFP64 E(FRA)

Convertto DFP128 | E(FRA)

Round to DFP32 E(FRA)

Round to DFP64 E(FRA)

Convert from Fixed 0
Encode BCD to DPD |0
Insert Biased Expo- | E(FRA)
nent

Notes:
E(x) - exponent of the DFP operand in register x.

Figure 17. Summary of Ideal Exponents

1.5.4 Arithmetic Operations

Four arithmetic operations are provided: Add, Subtract,
Multiply, and Divide.

1.5.4.1 Sign of Arithmetic Result

The following rules govern the sign of an arithmetic
operation when the operation does not yield an excep-
tion. They apply even when the operands or results are
zeros or infinities.

B The sign of the result of an add operation is the
sign of the source operand having the larger abso-
lute value. If both source operands have the same
sign, the sign of the result of an add operation is
the same as the sign of the source operands.
When the sum of two operands with opposite signs
is exactly zero, the sign of the result is positive in
all rounding modes except Round toward -, in
which case the sign is negative.

B The sign of the result of the subtract operation x - y
is the same as the sign of the result of the add
operation x + (-y).

B The sign of the result of a multiply or divide opera-
tion is the exclusive-OR of the signs of the source
operands.

1.5.5 Compare Operations

Two sets of instructions are provided for comparing
numerical values: Compare Ordered and Compare
Unordered. In the absence of NaNs, these instructions
work the same. These instructions work differently
when either of the followings is true:

1. Atleast one source operand of the instruction is an
SNaN and the invalid-operation exception is dis-
abled.

2. When there is no SNaN in any source operand, at
least one source operand of the instruction is a
QNaN

In case 1, Compare Unordered recognizes an invalid-
operation exception and sets the FPSCRyxsnan flag,
but Compare Ordered recognizes the exception and
sets both the FPSCRyxsnan @and FPSCRyxyc flags.
In case 2, Compare Unordered does not recognize an
exception, but Compare Ordered recognizes an invalid-
operation exception and sets the FPSCRyxy¢ flag.

For finite numbers, comparisons are performed on val-
ues, that is, all redundant forms of a DFP number are
treated equal.

Comparisons are always exact and cannot cause an
inexact exception.

Comparison ignores the sign of zero, that is, +0 equals
-0.

Infinities with like sign compare equal, that is, +oo
equals +w, and - equals -o.

A NaN compares as unordered with any other operand,
whether a finite number, an infinity, or another NaN,
including itself.

Execution of a compare instruction always completes,
regardless of whether any DFP exception occurs or
not, and whether the exception is enabled or not.

1.5.6 Test Operations

Four kinds of test operation are provided: Test Data
Class, Test Data Group, Test Exponent, and Test Signif-
icance.

The Test Data Class instruction examines the contents
of a source operand and determines if the operand is
one of the specified data classes. The test result and
the sign of the source operand are indicated in the
FPSCREpc( field and CR field BF.

The Test Data Group instruction examines the contents
of a source operand and determines if the operand is
one of the specified data groups. The test result and
the sign of the source operand are indicated in the
FPSCREpc( field and CR field BF.

The Test Exponent instruction compares the exponent
of the two source operands. The test operation ignores
the sign and coefficient of operands. Infinities compare
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equal, and NaNs compare equal. The test result is indi-
cated in the FPSCRgpc( field and CR field BF.

The Test Significance instruction compares the number
of significant digits of one source operand with the ref-
erenced number of significant digits in another source
operand. The test result is indicated in the FPSCRgpcc
field and CR field BF.

Execution of a test instruction does not cause any DFP
exception.

1.5.7 Quantum Adjustment Opera-
tions

Four kinds of quantum-adjustment operations are pro-
vided: Quantize, Quantize Immediate, Reround, and
Round To FP Integer. Each of them has an immediate
field which specifies whether the rounding mode in
FPSCR or a different one is to be used.

The Quantize instruction is used to adjust a DFP num-
ber to the form that has the specified target exponent.
The Quantize Immediate instruction is similar to the
Quantize instruction, except that the target exponent is
specified in a 5-bit immediate field as a signed binary
integer and has a limited range.

The Reround instruction is used to simulate a DFP
operation of a precision other than that of DFP64 or
DFP128. For the Reround instruction to produce a
result which accurately reflects that which would have
resulted from a DFP operation of the desired precision
d in the range {1: 33} inclusively, the following condi-
tions must be met:

B The precision of the preceding DFP operation
must be at least one digit larger than d.

B The rounding mode used by the preceding DFP
operation must be round-to-prepare-for-shorter-
precision.

The Round To FP Integer instruction is used to round a
DFP number to an integer value of the same format.
The target exponent is implicitly specified, and is
greater than or equal to zero.

1.5.8 Conversion Operation

There are two kinds of conversion operations: data-for-
mat conversion and data-type conversion.

1.5.8.1 Data-Format Conversion

The instructions Convert To DFP64 and Convert To
DFP128 converts DFP operands to wider formats; the
instructions Round To DFP32 and Round To DFP64
converts DFP operands to narrower formats.

When converting a finite number to a wider format, the
result is exact. When converting a finite number to a
narrower format, the source operand is rounded to the

target-format precision, which is specified by the
instruction, not by the target register size.

When converting a finite number, the ideal exponent of
the result is the source exponent.

Conversion of an infinity or NaN to a different format
does not preserve the source BEC field. When the
result is an infinity or QNaN, the contents of the target
BEC field are set to all zeros. When the result is an
SNaN, the leftmost bit in the target BEC field is set to
one and all other bits are set to zeros.

When converting a NaN to a wider format or when con-
verting an infinity from DFP32 to DFP64, digits in the
source CC field are reencoded using the preferred DPD
codes with sufficient zeros appended on the left to form
the target CC field. When converting a NaN to a nar-
rower format or when converting an infinity from DFP64
to DFP32, the appropriate number of leftmost digits of
the source CC field are removed and the remaining dig-
its of the field are reencoded using the preferred DPD
codes to form the target CC field.

When converting an infinity between DFP64 and
DFP128, a default infinity with the same sign is pro-
duced.

When converting an SNaN between DFP32 and
DFP64, it is converted to an SNaN without causing an
invalid-operation exception. When converting an SNaN
between DFP64 and DFP128, the invalid-operation
exception occurs; if the invalid-operation exception is
disabled, the result is converted to the corresponding
QNaN.

1.5.8.2 Data-Type Conversion

The instructions Convert From Fixed and Convert To
Fixed are provided to convert a number between the
DFP data type and the signed 64-bit binary-integer
data type.

Conversion of a signed 64-bit binary integer to a
DFP128 number is always exact.

Conversion of a DFP number to a signed 64-bit binary
integer results in an invalid-operation exception when
the converted value does not fit into the target format,
or when the source operand is an infinity or NaN. When
the exception is disabled, the most positive integer is
returned if the source operand is a positive number or
+00, and a most negative integer is returned if the
source operand is a negative number, -0, or NaN.

1.5.9 Format Operations

The format instructions are provided to facilitate com-
posing or decomposing a DFP number, and consist of
Encode BCD To DPD, Decode DPD To BCD, Extract
Biased Exponent, Insert Biased Exponent, Shift Coeffi-
cient Left Immediate, and Shift Coefficient Right Imme-
diate. A source operand of SNaN does not cause an
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invalid-operation exception, and an SNaN may be pro-
duced as the target operand.

1.5.10 DFP Exceptions

This architecture defines the following DFP exceptions:

® Invalid Operation Exception
SNaN
o0 - 00
o0 <+ 00
0+0
o X0
Invalid Compare
Invalid Conversion
W Zero Divide Exception
® Overflow Exception
B Underflow Exception
B Inexact Exception

These exceptions may occur during execution of a DFP
instruction.

Each DFP exception, and each category of the Invalid
Operation Exception, has an exception status bit in the
FPSCR. In addition, each DFP exception has a corre-
sponding enable bit in the FPSCR. The exception sta-
tus bit indicates occurrence of the corresponding
exception. If an exception occurs, the corresponding
enable bit governs the result produced by the instruc-
tion and, in conjunction with the FEO and FE1 bits (see
the discussion of FEO and FE1 below), whether and
how the system floating-point enabled exception error
handler is invoked. (In general, the enabling specified
by the enable bit is of invoking the system error handler,
not of permitting the exception to occur. The occur-
rence of an exception depends only on the instruction
and its source operands, not on the setting of any con-
trol bits. The only deviation from this general rule is that
the occurrence of an Underflow Exception may depend
on the setting of the enable bit.)

A single instruction, other than mtifsfi or mifsf, may set
more than one exception bit only in the following cases:

B Inexact Exception may be set with Overflow
Exception.

B |nexact Exception may be set with Underflow
Exception.

B [nvalid Operation Exception (SNaN) may be set
with Invalid Operation Exception (Invalid Compare)
for Compare Ordered instructions

B [nvalid Operation Exception (SNaN) may be set
with Invalid Operation Exception (Invalid Conver-
sion) for Convert To Fixed instructions.

When an exception occurs the instruction execution
may be completed or partially completed, depending on
the exception and the operation.

For all instructions, except for the Compare and Test
instructions, the following exceptions cause the instruc-
tion execution to be partially completed. That is, setting

of CR field 1(when Rc=1) and exception status flags is
performed, but no result is stored into the target FPR or
FPR pair. For Compare and Test instructions, instruc-
tion execution is always completed, regardless of
whether any DFP exception occurs or not, and whether
the exception is enabled or not.

B Enabled Invalid Operation
B Enabled Zero Divide

For the remaining kinds of exception, instruction execu-
tion is completed, a result, if specified by the instruc-
tion, is generated and stored into the target FPR or
FPR pair, and appropriate status flags are set. The
result may be a different value for the enabled and dis-
abled conditions for some of these exceptions. The
kinds of exception that deliver a result in target FPR are
the following:

B Disabled Invalid Operation
Disabled Zero Divide
Disabled Overflow
Disabled Underflow
Disabled Inexact

Enabled Overflow
Enabled Underflow
Enabled Inexact

Subsequent sections define each of the DFP excep-
tions and specify the action that is taken when they are
detected.

The IEEE standard specifies the handling of excep-
tional conditions in terms of “traps” and “trap handlers”.
In this architecture, an FPSCR exception enable bit of 1
causes generation of the result value specified in the
IEEE standard for the “trap enabled” case: the expecta-
tion is that the exception will be detected by software,
which will revise the result. An FPSCR exception
enable bit of 0 causes generation of the “default result”
value specified for the “trap disabled” (or “no trap
occurs” or “trap is not implemented”) case: the expecta-
tion is that the exception will not be detected by soft-
ware, which will simply use the default result. The
result to be delivered in each case for each exception is
described in the sections below.

The IEEE default behavior when an exception occurs is
to generate a default value and not to notify software.
In this architecture, if the IEEE default behavior when
an exception occurs is desired for all exceptions, all
FPSCR exception enable bits should be set to 0 and
Ignore Exceptions Mode (see below) should be used.
In this case the system floating-point enabled exception
error handler is not invoked, even if DFP exceptions
occur: software can inspect the FPSCR exception bits if
necessary, to determine whether exceptions have
occurred.

In this architecture, if software is to be notified that a
given kind of exception has occurred, the correspond-
ing FPSCR exception enable bit must be setto 1 and a
mode other than Ignore Exceptions Mode must be
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used. In this case the system floating-point enabled
exception error handler is invoked if an enabled DFP
exception occurs. The system floating-point enabled
exception error handler is also invoked if a Move To
FPSCR instruction causes an exception bit and the cor-
responding enable bit both to be 1; the Move To
FPSCR instruction is considered to cause the enabled
exception.

The FEO and FE1 bits control whether and how the sys-
tem floating-point enabled exception error handler is
invoked if an enabled DFP exception occurs. The loca-
tion of these bits and the requirements for altering them
are described in Book Ill, PowerPC AS Operating Envi-
ronment Architecture.  (The system floating-point
enabled exception error handler is never invoked
because of a disabled DFP exception.) The effects of
the four possible settings of these bits are as follows.

FEO FE1 Description

0 0 Ignore Exceptions Mode
DFP exceptions do not cause the system
floating-point enabled exception error

handler to be invoked.

Imprecise Nonrecoverable Mode

The system floating-point enabled excep-
tion error handler is invoked at some point
at or beyond the instruction that caused
the enabled exception. It may not be pos-
sible to identify the excepting instruction
or the data that caused the exception.
Results produced by the excepting
instruction may have been used by or may
have affected subsequent instructions that
are executed before the error handler is
invoked.

Imprecise Recoverable Mode

The system floating-point enabled excep-
tion error handler is invoked at some point
at or beyond the instruction that caused
the enabled exception. Sulfficient informa-
tion is provided to the error handler that it
can identify the excepting instruction and
the operands, and correct the result. No
results produced by the excepting instruc-
tion have been used by or have affected
subsequent instructions that are exe-
cuted before the error handler is invoked.

Precise Mode

The system floating-point enabled excep-
tion error handler is invoked precisely at
the instruction that caused the enabled
exception.

In all cases, the question of whether a DFP result is
stored, and what value is stored, is governed by the
FPSCR exception enable bits, as described in subse-
quent sections, and is not affected by the value of the
FEO and FE1 bits.

In all cases in which the system floating-point enabled
exception error handler is invoked, all instructions
before the instruction at which the system floating-point
enabled exception error handler is invoked have com-
pleted, and no instruction after the instruction at which
the system floating-point enabled exception error han-
dler is invoked has begun execution. (Recall that, for
the two Imprecise modes, the instruction at which the
system floating-point enabled exception error handler is
invoked need not be the instruction that caused the
exception.) The instruction at which the system float-
ing-point enabled exception error handler is invoked
has not been executed unless it is the excepting
instruction , in which case it has been executed if the
exception is not among those listed on page 16 as sup-
pressed.

— Programming Note

In any of the three non-Precise modes, a Floating-
Point Status and Control Register instruction can
be used to force any exceptions, due to instructions
initiated before the Floating-Point Status and Con-
trol Register instruction, to be recorded in the
FPSCR. (This forcing is superfluous for Precise
Mode.)

In either of the Imprecise modes, a Floating-Point
Status and Control Register instruction can be
used to force any invocations of the system float-
ing-point enabled exception error handler, due to
instructions initiated before the Floating-Point Sta-
tus and Control Register instruction, to occur. (This
forcing has no effect in Ignore Exceptions Mode,
and is superfluous for Precise Mode.)

In order to obtain the best performance across the wid-
est range of implementations, the programmer should
obey the following guidelines.

B If the IEEE default results are acceptable to the
application, Ignore Exceptions Mode should be
used with all FPSCR exception enable bits set to 0.

m [f the IEEE default results are not acceptable to the
application, Imprecise Nonrecoverable Mode
should be used, or Imprecise Recoverable Mode if
recoverability is needed, with FPSCR exception
enable bits set to 1 for those exceptions for which
the system floating-point enabled exception error
handler is to be invoked.

B |gnore Exceptions Mode should not, in general, be
used when any FPSCR exception enable bits are
setto 1.

B Precise Mode may degrade performance in some
implementations, perhaps substantially, and there-
fore should be used only for debugging and other
specialized applications.
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1.5.10.1 Invalid Operation Exception

Definition

An Invalid Operation Exception occurs when an oper-
and is invalid for the specified DFP operation. The
invalid DFP operations are:

® Any DFP operation on a signaling NaN (SNaN),
except for Test, Round To DFP32, Convert To

DFP64, Decode DPD To BCD, Extract Biased

Exponent, Insert Biased Exponent, Shift Coeffi-

cient Left Immediate, and Shift Coefficient Right

Immediate

For add or subtract operations, magnitude subtrac-
tion of infinities (+) + (-o0)

Division of infinity by infinity (oo + o)

Division of zero by zero (0 + 0)

Multiplication of infinity by zero (0 X 0)

Ordered comparison involving a NaN (Invalid Com-

pare)

B The Quantize operation detects that the coefficient
associated with the specified target exponent
would have more significant digits than the target-
format precision

B For the Quantize operation, when one source
operand specifies an infinity and the other speci-
fies a finite number

B The Reround operation detects that the target
exponent associated with the specified target sig-
nificance would be greater than X4«

B The Encode BCD To DPD operation detects an
invalid BCD digit or sign code

® The Convert To Fixed operation involving a number
too large in magnitude to be represented in the tar-
get format, or involving a NaN

— Programming Note

In addition, an Invalid Operation Exception occurs if
software explicitly requests this by executing an
mtfsfi, mtfsf or mitfsb1 instruction that sets
FPSCRyxsorT to 1 (Software Request). The pur-
pose of FPSCRyyxsorr is to allow software to
cause an Invalid Operation Exception for a condi-
tion that is not necessarily associated with the exe-
cution of a DFP instruction. For example, it might
be set by a program that computes a square root, if
the source operand is negative.

Action

The action to be taken depends on the setting of the
Invalid Operation Exception Enable bit of the FPSCR.

When Invalid Operation Exception is enabled
(FPSCRyg=1) and Invalid Operation occurs, the follow-
ing actions are taken:

1. One or two Invalid Operation Exceptions are set:
FPSCRVXSNAN (If SNaN)
FPSCRVX|S| (If o - OO)

FPSCRVX|D| (If o0 =+ OO)
FPSCRVXZDZ (lf 0 - 0)
FPSCRVX|MZ (If o0 X 0)
FPSCRyxvc (if invalid comp)
FPSCRyxcvi (if invalid conversion)

2. If the operation is an arithmetic, quantum-adjust-
ment, conversion, or format,
the target FPR is unchanged,
FPSCRgR F are set to zero, and
FPSCRgpRF is unchanged.
3. If the operation is a compare,
FPSCRER F ¢ are unchanged, and
FPSCREpcc is set to reflect unordered.

When Invalid Operation Exception is disabled
(FPSCRyg=0) and Invalid Operation occurs, the follow-
ing actions are taken:

1. One or two Invalid Operation Exceptions are set:

FPSCRyxsnaAN (if SNaN)
FPSCRyxis| (if o0 - 00)
FPSCRyxip (if 00 + o0)
FPSCRyxzpz (if 0 = 0)
FPSCRyxivz (if o X 0)
FPSCRyxvc (if invalid comp)
FPSCRyxcvi (if invalid conversion)

2. If the operation is an arithmetic, quantum-adjust-
ment, Round to DFP64, Convert to DFP128, or for-
mat

the target FPR is set to a Quiet NaN

FPSCREgR F are set to zero

FPSCRgpRE is set to indicate the class of the
result (Quiet NaN)

3. If the operation is a Convert To Fixed

the target FPR is set as follows:
FRT is set to the most positive 64-bit binary
integer if the operand in FRB is a positive or
+o0, and to the most negative 64-bit binary
integer if the operand in FRB is a negative
number, -oo , or NaN.

FPSCRgR F are set to zero

FPSCREpRr is unchanged

4. If the operation is a compare,
FPSCRER f ¢ are unchanged
FPSCREpc is set to reflect unordered

1.5.10.2 Zero Divide Exception

Definition

A Zero Divide Exception occurs when a Divide instruc-
tion is executed with a zero divisor value and a finite
nonzero dividend value.

Action

The action to be taken depends on the setting of the
Zero Divide Exception Enable bit of the FPSCR.

When Zero Divide Exception is enabled (FPSCRzg=1)
and Zero Divide occurs, the following actions are taken:
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1. Zero Divide Exception is set
FPSCRZX <1

2. The target FPR is unchanged

3. FPSCREgR f; are set to zero

4. FPSCRgpRF is unchanged

When Zero Divide Exception is disabled (FPSCRzg=0)
and Zero Divide occurs, the following actions are taken:

1. Zero Divide Exception is set
FPSCRZX «1

2. The target FPR is set to +w, where the sign is
determined by the XOR of the signs of the oper-
ands

3. FPSCREgR fy are set to zero

4. FPSCRgpRf is set to indicate the class and sign of
the result (+w)

1.5.10.3 Overflow Exception

Definition

An overflow exception occurs whenever the target for-
mat’s largest finite number is exceeded in magnitude by
what would have been the rounded result if the expo-
nent range were unbounded.

Action

Except for Reround, the following describes the han-
dling of the IEEE overflow exception condition. The
Reround operation does not recognize an overflow
exception condition.

The action to be taken depends on the setting of the
Overflow Exception Enable bit of the FPSCR.

When Overflow Exception is enabled (FPSCRpg=1)
and overflow occurs, the following actions are taken:

1. Overflow Exception is set
FPSCRox < 1

2. The infinitely precise result is divided by 10*. That
is, the exponent adjustment o is subtracted from
the exponent. This is called the wrapped result.
The exponent adjustment for all operations, except
for Round To DFP32 and Round To DFP64, is 576
for DFP64 and 9216 for DFP128. For Round To
DFP32 and Round To DFP64, the exponent adjust-
ment is 192 for the source format of DFP64 and
3072 for the source format of DFP128.

3. The wrapped result is rounded to the target-format
precision.  This is called the wrapped rounded
result.

4. If the wrapped rounded result has only one form, it
is the delivered result. If the wrapped rounded
result has redundant forms and is exact, the result
of the form that has the exponent closest to the
wrapped ideal exponent is returned. If the wrapped
rounded result has redundant forms and is inexact,
the result of the form that has the smallest expo-
nent is returned. The wrapped ideal exponent is

the result of subtracting the exponent adjustment
from the ideal exponent.

5. FPSCRgpgf is set to indicate the class and sign of
the result (+ Normal Number)

When Overflow Exception is disabled (FPSCRpg=0)
and overflow occurs, the following actions are taken:

1. Overflow Exception is set
FPSCROX « 1
2. Inexact Exception is set
FPSCRXX « 1
3. The result is determined by the rounding mode
and the sign of the intermediate result as follows.

Sign of inter-
mediate result
Rounding Mode Plus | Minus
Round to Nearest, Ties to Even +00 -0
Round toward 0 +Nmax | “Nmax
Round toward +oo + -Nmax
Round toward - +Nmax -0
Round to Nearest, Ties away +00 -0
from O
Round to Nearest, Ties toward 0 +00 -0
Round away from 0 +00 -0
Round to prepare for shorter pre- | +Npax | -Nmax
cision

Figure 18. Overflow Results When Exception Is
Disabled

4. The result is placed into the target FPR

5. FPSCRgpR is set to 1 if the returned result is + oo,
and is set to O if the returned result is N5«

6. FPSCRE is setto 1

7. FPSCRgpgf is set to indicate the class and sign of
the result (+ o or + Normal number)

1.5.10.4 Underflow Exception

Definition

Except for Reround, the following describes the han-
dliing of the IEEE overflow exception condition. The
Reround operation does not recognize an underflow
exception condition.

The Underflow Exception is defined differently for the
enabled and disabled states. However, a tininess condi-
tion is recognized in both states when a result com-
puted as though both the precision and exponent range
were unbounded would be nonzero and less than the
target format’s smallest normal number, Ny, in magni-
tude.

Chapter 1. Decimal Floating-Point [Category: Decimal Floating-Point] 19



Preliminary - Subject to change

Unless otherwise defined in the instruction description,
an underflow exception occurs as follows:

B Enabled:
When the tininess condition is recognized.

B Disabled:
When the tininess condition is recognized and
when the delivered result value differs from what
would have been computed were both the preci-
sion and the exponent range unbounded.

Action

The action to be taken depends on the setting of the
Underflow Exception Enable bit of the FPSCR.

When Underflow Exception is enabled (FPSCRyg=1)
and underflow occurs, the following actions are taken:

1. Underflow Exception is set
FPSCRUX « 1

2. The infinitely precise result is multiplied by 10%
That is, the exponent adjustment « is added to the
exponent. This is called the wrapped result. The
exponent adjustment for all operations, except for
Round To DFP32 and Round To DFP64, is 576 for
DFP64 and 9216 for DFP128. For Round To
DFP32 and Round To DFP64, the exponent adjust-
ment is 192 for the source format of DFP64 and
3072 for the source format of DFP128.

3. The wrapped result is rounded to the target-format
precision. This is called the wrapped rounded
result.

4. If the wrapped rounded result has only one form, it
is the delivered result. If the wrapped rounded
result has redundant forms and is exact, the result
of the form that has the exponent closest to the
wrapped ideal exponent is returned. If the wrapped
rounded result has redundant forms and is inexact,
the result of the form that has the smallest expo-
nent is returned. The wrapped ideal exponent is
the result of adding the exponent adjustment to the
ideal exponent.

5. FPSCRgpRE is set to indicate the class and sign of
the result (+ Normal number)

When Underflow Exception is disabled (FPSCRyg=0)
and underflow occurs, the following actions are taken:

1. Underflow Exception is set
FPSCRUX «1

2. The infinitely precise result is rounded to the tar-
get-format precision.

3. The rounded result is returned. If this result has
redundant forms, the result of the form that is clos-
est to the ideal exponent is returned.

4. FPSCREgpRgg is set to indicate the class and sign of
the result (+ Normal number, + Subnormal Num-
ber, or + Zero)

1.5.10.5 Inexact Exception

Definition

Except for Round to FP Integer Without Inexact, the fol-
lowing describes the handling of the IEEE inexact
exception condition. The Round to FP Integer Without
Inexact does not recognize an inexact exception condi-
tion.

An Inexact Exception occurs when either of two condi-
tions occur during rounding:

1. The delivered result differs from what would have
been computed were both the precision and expo-
nent range unbounded.

2. The rounded result overflows and Overflow Excep-
tion is disabled.

Action

The action to be taken does not depend on the setting
of the Inexact Exception Enable bit of the FPSCR.

When Inexact Exception occurs, the following actions
are taken:

1. Inexact Exception is set
FPSCRXX « 1
2. The rounded or overflowed result is placed into the
target FPR
3. FPSCRgpRf is set to indicate the class and sign of
the result

Programming Note

In some implementations, enabling Inexact Excep-
tions may degrade performance more than does
enabling other types of floating-point exception.
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1.5.11 Summary of Normal Rounding And Range Actions

Figure 19 and Figure 20 summarize rounding and B  The Round to FP Integer Without Inexact opera-
range actions, with the following exceptions: tion does not recognizes the inexact operation
B The Reround operation recognizes neither an exception.

underflow nor an overflow exception.

Result (r)
when Rounding Mode Is
Range of v Case RNE | RNTZ | RNAZ | RAFZ | RTMI | RFSP | RTPI RTZ
v < -Nmax, q < -Nmax Overflow | -oo' -oo! -oo! 0! -o! | -Nmax | -Nmax | -Nmax
v < -Nmax, g = -Nmax Normal | -Nmax | -Nmax | -Nmax — — -Nmax | -Nmax | -Nmax
-Nmax <v < -Nmin Normal b b b b b b b b
-Nmin < v <-Dmin Tiny b* b* b* b* b* b* b b
-Dmin < v < -Dmin/2 Tiny -Dmin | -Dmin | -Dmin | -Dmin | -Dmin | -Dmin -0 -0
v = -Dmin/2 Tiny -0 -0 -Dmin | -Dmin | -Dmin | -Dmin -0 -0
-Dmin/2<v <0 Tiny -0 -0 -0 -Dmin | -Dmin | -Dmin -0 -0
v=0 EZD +0 +0 +0 +0 -0 +0 +0 +0
0 <v < +Dmin/2 Tiny +0 +0 +0 +Dmin +0 +Dmin | +Dmin +0
v = +Dmin/2 Tiny +0 +0 +Dmin | +Dmin +0 +Dmin | +Dmin +0
+Dmin/2 < v < +Dmin Tiny +Dmin | +Dmin | +Dmin | +Dmin +0 +Dmin | +Dmin +0
+Dmin <v < +Nmin Tiny b* b* b* b* b b* b* b
+Nmin < v < +Nmax Normal b b b b b b b b
+Nmax < v, g = +Nmax Normal | +Nmax | +Nmax | +Nmax — +Nmax | +Nmax — +Nmax
+Nmax < v, g > +Nmax Overflow | +oo' +oo! +oo! +0' | +Nmax | +Nmax | +o! |+Nmax

Explanation:
— This situation cannot occur.
1 The normal result r is considered to have been incremented.
* The rounded value, in the extreme case, may be Nmin. In this case, the exception conditions are
underflow, inexact, and incremented.

b The value derived when the precise result v is rounded to the destination’s precision, including both
bounded precision and bounded exponent range.
q The value derived when the precise result v is rounded to the destination’s precision, but assuming

an unbounded exponent range.
This is the returned value when neither overflow nor underflow is enabled.

\Y Precise result before rounding, assuming unbounded precision and an unbounded exponent range.
For data-format conversion operations, v is the source value.
Dmin Smallest (in magnitude) representable subnormal number in the target format.

EZD The result r of the exact-zero-difference case applies only to ADD and SUBTRACT with both source
operands having opposite signs. (For ADD and SUBTRACT, when both source operands have the
same sign, the sign of the zero result is the same sign as the sign of the source operands.)

Nmax Largest (in magnitude) representable finite number in the target format.

Nmin Smallest (in magnitude) representable normalized number in the target format.
RAFzZ Round away from 0.

RFSP Round to Prepare for Shorter Precision.

RNAZ Round to Nearest, Ties away from 0.

RNE Round to Nearest, Ties to even.

RNTZ Round to Nearest, Ties toward 0.

RTPI Round toward +o.

RTMI Round toward -co.

RTZ Round toward 0.

Figure 19. Rounding and Range Actions (Part 1)
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Isr Overflow | Underflow | Inexact |[Isrincre-| Isq |IsqIncre-
inexact | exception | exception | exception | mented | inexact | mented

Case (r2v) | enabled | enabled | enabled | (|r|>|v]) | (g=v) | (Ja|>|v]) Returned Results and Status Setting*
Overflow | Yes' No — No No — — T(r), OX«<- 1, Fl«~ 1, FR«< 0, XX « 1
Overflow | Yes' No — No Yes — — T(r), OX«- 1, Fl~ 1, FR«~ 1, XX « 1
Overflow | Yes' No — Yes No — — T(r), OX«<~ 1, Fl«~ 1, FR< 0, XX < 1, TX
Overflow | Yes' No — Yes Yes — — T(r), OX«~ 1, Fl«~ 1, FR< 1, XX < 1, TX
Overflow | Yes' Yes — — — No No'  |Tw(q+B), OX<« 1, Fl«- 0, FR« 0, TO
Overflow | Yes' Yes — — — Yes No Tw(g+B), OX« 1, Fl«- 1, FR« 0, XX« 1,TO
Overflow | Yes' Yes — — — Yes Yes Tw(g+B), OX« 1, Fl« 1, FR« 1, XX« 1,TO
Normal No — — — — — — T(r), Fl«<~ 0, FR< 0
Normal Yes — — No No — — T(r), Fl 1, FR< 0, XX « 1
Normal Yes — — No Yes — — T(r), Fl- 1, FR< 1, XX < 1
Normal Yes — — Yes No — — T(r), Fl~1, FR< 0, XX < 1, TX
Normal Yes — — Yes Yes — — T(r), Fl~ 1, FR< 1, XX « 1, TX

Tiny No — No — — — — T(r), Fl«<~ 0, FR< 0

Tiny No — Yes — — No' No'  |Tw(qeB), UX« 1, Fl«<- 0, FR« 0, TU

Tiny Yes — No No No — — T(r), UX« 1, Fl«~ 1, FR« 0, XX < 1

Tiny Yes — No No Yes — — T(r), UX< 1, Fl«~ 1, FR« 1, XX « 1

Tiny Yes — No Yes No — — T(r), UX<~ 1, Fl«- 1, FR«< 0, XX « 1, TX

Tiny Yes — No Yes Yes — — T(r), UX< 1, Fl«~ 1, FR< 1, XX < 1, TX

Tiny Yes — Yes — — No No' Tw(qgep), UX« 1, Fl«- 0, FR«~ 0, TU

Tiny Yes — Yes — — Yes No Tw(qgep), UX« 1, Fl« 1, FR« 0, XX « 1,TU

Tiny Yes — Yes — — Yes Yes Tw(qgep), UX« 1, Fl«~ 1, FR« 1, XX « 1,TU

Explanation:

— The results do not depend on this condition.

1 This condition is true by virtue of the state of some condition to the left of this column.

- Rounding sets only the Fl and FR status flags. Setting of the OX, XX, or UX flag is part of the exception actions. They are
listed here for reference.

B Wrap adjust, which depends on the type of operation and operand format. For all operations except Round to DFP32 and
Round to DFP64, the wrap adjust depends on the target format: g = 10%, where o is 576 for DFP64, and 9216 for
DFP128. For Round to DFP32 and Round to DFP64, the wrap adjust depends on the source format: B = 10€ where « is
192 for DFP64 and 3072 for DFP128.

q The value derived when the precise result v is rounded to destination’s precision, but assuming an unbounded exponent
range.

r The result as defined in Part 1 of this figure.

\Y Precise result before rounding, assuming unbounded precision and unbounded exponent range.

Fl Floating-Point-Fraction-Inexact status flag, FPSCRE,. This status flag is non-sticky.

FR Floating-Point-Fraction-Rounded status flag, FPSCRgg.

OoX Floating-Point Overflow Exception status flag, FPSCRy.

TO The system floating-point enabled exception error handler is invoked for the overflow exception if the FEO and FE1 bits in
the machine-state register are set to any mode other than the ignore-exception mode.

TU The system floating-point enabled exception error handler is invoked for the underflow exception if the FEO and FE1 bits
in the machine-state register are set to any mode other than the ignore-exception mode.

TX The system floating-point enabled exception error handler is invoked for the inexact exception if the FEO and FE1 bits in
the machine-state register are set to any mode other than the ignore-exception mode.

T(x)  The value x is placed at the target operand location.

Tw(x) The wrapped rounded result x is placed at the target operand location. For all operations except data format conversions,
the wrapped rounded result is in the same format and length as normal results at the target location. For data format
conversions, the wrapped rounded result is in the same format and length as the source, but rounded to the target-format
precision.

UX Floating-Point-Underflow-Exception status flag, FPSCRyx
XX Float-Point-Inexact-Exception Status flag, FPSCRxx. The flag is a sticky version of FPSCRg,. When FPSCRg; is set to a

new value, the new value of FPSCRyy is set to the result of ORing the old value of FPSCRyx with the new value of
FPSCRE,.

Figure 20. Rounding and Range Actions (Part 2)
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1.6 DFP Instruction Descriptions

The following sections describe the DFP instructions.
When a 128-bit operand is used, it is held in a FPR pair
and the instruction mnemonic uses a letter “q” to mean
the quad-precision operation. Note that in the following
descriptions, FPXp denotes a FPR pair and must
address an even-odd pair. If the FPXp field specifies
an odd-numbered register, then the instruction form is
invalid. The notation FPX[p] means either a FPR, FPX,

or a FPR pair, FPXp.

For DFP instructions, if a DFP operand is returned, the
CC field of the target operand is encoded using pre-
ferred DPD codes.
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1.6.1 DFP Arithmetic Instructions

All DFP arithmetic instructions are X-form instructions.
They all set the Fl and FR status flags, and also set the
FPSCRepRe field. Furthermore, they all have an ideal
exponent assigned and have the record bit provided.

The arithmetic instructions consist of Add, Divide, Multi-
ply, and Subtract.

DFP Add [Quad] X-form DFP Subtract [Quad] X-form
dadd FRT,FRA,FRB (Rc=0) dsub FRT,FRA,FRB (Rc=0)
dadd. FRT,FRA,FRB (Re=1) dsub. FRT,FRA,FRB (Rc=1)

59 FRT | FRA | FRB 2 Rc 59 FRT | FRA | FRB 514 Rc
0 6 11 16 21 31 0 6 11 16 21 31
daddq FRTp,FRAp,FRBp (Rc=0) dsubq FRTp,FRAp,FRBp (Rc=0)
daddaq. FRTp,FRAp,FRBp (Re=1) dsubq. FRTp,FRAp,FRBp (Re=1)

63 FRTp | FRAp | FRBp 2 Rc 63 FRTp | FRAp | FRBp 514 Rc
0 6 11 16 21 31 0 6 11 16 21 31

The DFP operand in register FRA[p] is added to the
DFP operand in register FRB[p].

The result is rounded to the target-format precision
under control of the DRN (bits 29:31) of the FPSCR.
An appropriate form of the rounded result is selected
based on the ideal exponent and is placed in the target
register FRT[p]. The ideal exponent is the smaller
exponent of the two source operands.

The following table summarizes the actions for Add.
The table does not include the setting of the FPSCRE.
PRF field. The FPSCRFPRF field is alwayS set to the
class and sign of the result, except for an enabled
invalid-operation exception, in which case the field
remains unchanged.

Special Registers Altered:
FPRF FR FI
FX OX UX XX
VXSNAN VXISI
CR1 (if Re=1)

The DFP operand in register FRB[p] is subtracted from
the DFP operand in register FRA[p]. The result is
rounded to the target-format precision under control of
the DRN (bits 29:31) of the FPSCR. An appropriate
form of the rounded result is selected based on the
ideal exponent and is placed in the target register
FRT[p]. The ideal exponent is the smaller exponent of
the two source operands.

The execution of Subtract is identical to that of Add,
except that the operand in FRB participates in the oper-
ation with its sign bit inverted. See the actions table for
Add.

Special Registers Altered:
FPRF FR FI
FX OX UX XX
VXSNAN VXISI
CR1 (if Re=1)
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Operand a Actions for Add (a + b) when operand b in FRB[p] is
in FRA[p] is -0 F +00 QNaN SNaN
-0 T(-dINF) T(-dINF) Vyisi: T(dNaN) P(b) Vysnan: U(b)
F T(-dINF) S(a + b) T(+dINF) P(b) Vysnan: U(b)
40 Vysi: T(dNaN) T(+dINF) T(+dINF) P(b) Vysnan: U(b)
QNaN P(a) P(a) P(a) P(a) VXSNAN: U(b)
SNaN Vxsnan: U(a) Vxsnan: U(a) Vxsnan: U(a) Vxsnan: U(a) Vxsnan: U(a)
Explanation:

a+b The value a added to b, rounded to the target-format precision and returned in the appropriate

form. (See Section 1.5.11 on page 21)
+dINF Default plus infinity.
- dINF Default minus infinity.
dNaN Default quiet NaN.
F All finite numbers, including zeros.

P(x) The QNaN of operand x is propagated and placed in FRT[p].

S(x) The value x is placed in FRT[p] with the sign set by the rules of algebra. When the source oper-
ands have the same sign, the sign of the result is the same as the sign of the operands, includ-
ing the case when the result is zero. When the operands have opposite signs, the sign of a zero
result is positive in all rounding modes, except round toward -, in which case, the sign is minus.

T(x) The value x is placed in FRT[p].

U(x) The SNaN of operand x is converted to the corresponding QNaN and placed in FRT[p].

Vxisi The Invalid-Operation Exception (VXISI) occurs. The result is produced only when the exception is
disabled. (See Section 1.5.10.1  “Invalid Operation Exception” on page 18 for the exception
actions.)

VxsSNAN The Invalid-Operation Exception (VXSNAN) occurs. The result is produced only when the excep-

tion is disabled. (See Section 1.5.10.1
exception actions.)

“Invalid Operation Exception” on page 18 for the

Figure 21. Actions: Add
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DFP Multiply [Quad] X-form
dmul FRT,FRA,FRB (Rc=0)
dmul. FRT,FRA,FRB (Re=1)

59 FRT | FRA | FRB 34 Rc
0 6 11 16 21 31
dmulq FRTp,FRAp,FRBp (Rc=0)
dmulg. FRTp,FRAp,FRBp (Re=1)

63 FRTp | FRAp | FRBp 34 Rc
0 6 11 16 21 31

The result is rounded to the target-format precision
under control of the DRN (bits 29:31) of the FPSCR.
An appropriate form of the rounded result is selected
based on the ideal exponent and is placed in the target
register FRT[p]. The ideal exponent is the sum of the
two exponents of the source operands.

The following table summarizes the actions for Multiply.
The table does not include the setting of the FPSCRE.
PRF field. The FPSCRFPRF field is alWayS set to the
class and sign of the result, except for an enabled
invalid-operation exception, in which case the field
remains unchanged.

Special Registers Altered:

FPRF FR FI
The DFP operand in register FRA[p] is multiplied by the FX OX UX XX
DFP operand in register FRB[p]. VXSNAN VXIMZ
CR1 (if Re=1)
Operand a Actions for Multiply (a*b) when operand b in FRB[p] is
in FRA[p] is 0 Fn w QNaN SNaN
0 S(a*b) S(a*b) Vximz: T(dNaN) P(b) Vxsnan: U(b)
Fn S(a * b) S(a*b) S(dINF) P(b) Vysnan: U(b)
0 Vyimz: T(dNaN) S(dINF) S(dINF) P(b) Vysnan: U(b)
QNaN P(a) P(a) P(a) P(a) Vxsnan: U(b)
SNaN Vxsnan: U(a) Vxsnan: U(a) Vxsnan: U(a) Vxsnan: U(a) Vxsnan: U(a)
Explanation:
a*b The value a multiplied by b, rounded to the target-format precision and returned in the appropriate
form. (See Section 1.5.11 on page 21)
dINF Default infinity.
dNaN Default quiet NaN.
Fn Finite nonzero number (includes both normal and subnormal numbers).
P(x) The QNaN of operand x is propagated and placed in FRT[p].
S(x) The value x is placed in FRT[p] with the sign set to the exclusive-OR of the source-operand signs.
T(x) The value x is placed in FRT[p].
U(x) The SNaN of operand x is converted to the corresponding QNaN and placed in FRT[p].

Vyimz: The Invalid-Operation Exception (VXIMZ) occurs. The result is produced only when the exception is
disabled. (See Section 1.5.10.1  “Invalid Operation Exception” on page 18 for the exception
actions.)

Vxsnan:  The Invalid-Operation Exception (VXSNAN) occurs. The result is produced only when the exception
is disabled. (See Section 1.5.10.1  “Invalid Operation Exception” on page 18 for the exception
actions.)

Figure 22. Actions: Multiply
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DFP Divide [Quad] X-form An appropriate form of the rounded result is selected
based on the ideal exponent and is placed in the target
ddiv FRT,FRA,FRB (Rc=0) register FRT[p]. The ideal exponent is the difference of
ddiv. FRT,FRA,FRB (Re=1) subtracting the exponent of the divisor from the expo-
nent of the dividend.
59 FRT | FRA | FRB 546 Re The following table summarizes the actions for Divide.
0 6 L 16 A 3 The table does not include the setting of the FPSCRE.
. field. The FPSCR field is always set to the
- PRF FPRF
33:5(1 Eg?igﬁpiggp EEEZ?; class and sign of the result, except for an enabled
9 P P P - invalid-operation and enabled zero-divide exceptions,
63 FRTp | FRAp | FRBp 546 Re in which cases the field remains unchanged.
0 6 11 16 21 31 Special Registers Altered:

The DFP operand in register FRA[p] is divided by the
DFP operand in register FRB[p].

FPRF FR FI
FX OX UX ZX XX
VXSNAN VXIDI VXZDZ

. . CR1 (if Re=1)
The result is rounded to the target-format precision
under control of the DRN (bits 29:31) of the FPSCR.
Operand a Actions for Divide (a +~ b) when operand b in FRB|[p] is
in FRA[p] is 0 Fn S QNaN SNaN
0 VXZDZ: T(dNaN) S(a - b) S(Zt) P(b) VXSNAN: U(b)
Fn Zx: S(dINF) S(a+b) S(zt) P(b) Vysnan: U(b)
0 S(dINF) S(dINF) Vxpi: T(dNaN) P(b) Vysnan: U(b)
QNaN P(a) P(a) P(a) P(a) Vysnan: U(b)
SNaN Vxsnan: U(a) Vxsnan: U(a) Vxsnan: U(a) Vxsnan: U(a) Vxsnan: U(a)
Explanation:

a+b The value a divided by b, rounded to the target-format precision and returned in the appropriate
form. (See Section 1.5.11 on page 21.)

dINF Default infinity.

dNaN Default quiet NaN.

Fn Finite nonzero number (includes both normal and subnormal numbers).

P(x) The QNaN of operand x is propagated and placed in FRT[p].

S(x) The value x is placed in FRT[p] with the sign set to the exclusive-OR of the source-operand signs.
T(x) The value x is placed in FRT[p].

U(x) The SNaN of operand x is converted to the corresponding QNaN and placed in FRT[p].

Vyipr: The Invalid-Operation Exception (VXIDI) occurs. The result is produced only when the exception is
disabled. (See Section 1.5.10.1  “Invalid Operation Exception” on page 18 for the exception
actions.)

VxSNAN: The Invalid-Operation Exception (VXSNAN) occurs. The result is produced only when the exception
is disabled. (See Section 1.5.10.1  “Invalid Operation Exception” on page 18 for the exception
actions.)

Vxzpz: The Invalid-Operation Exception (VXZDZ) occurs. The result is produced only when the exception
is disabled. (See Section 1.5.10.1  “Invalid Operation Exception” on page 18 for the exception
actions.)

zt True zero (zero coefficient and most negative exponent).
Zx The Zero-Divide Exception occurs. The result is produced only when the exception is disabled
(See Section 1.5.10.2 “Zero Divide Exception” on page 18 for the exception actions.)

Figure 23. Actions: Divide
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1.6.2 DFP Compare Instructions

The DFP compare instructions consist of the Compare The codes in the CR field BF and FPSCRgpcc are
Ordered and Compare Unordered instructions. The defined for the DFP compare operations as follows.

compare instructions do not provide the record bit.
Bit Name Description

The comparison sets the designated CR field to indi- 0 FL (FRA[p]) < (FRB[p])
cate the result. The FPSCRgpcc is set in the same 1 FG (FRA[p]) > (FRB[p])
way. 2 FE (FRA[p]) = (FRB[p])

3 FU  (FRA[p)]) ? (FRB[p])
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DFP Compare Unordered [Quad] X-form
dcmpu BF,FRA,FRB

59 |BF|//| FRA | FRB 642 /
0 6 9 (11 16 21 31
dcmpugq BF,FRAp,FRBp

63 |BF|//| FRAp | FRBp 642 /
0 6 9 (11 16 21 31

The DFP operand in register FRA[p] is compared to the
DFP operand in register FRB[p]. The result of the com-
pare is placed into CR field BF and the FPSCREgpcc.

Special Registers Altered:

CR field BF
FPCC
FX
VXSNAN
Operand a Actions for Compare Unordered (a:b) when operand b in FRB[p] is
in FRA[p] is =00 F +00 QNaN SNaN
-0 Fe FI FI Fu Fu, Vxsnan
F Fg C(a:b) Fl Fu Fu, Vxsnan
+00 Fg Fg Fe Fu Fu, Vxsnan
QNaN Fu Fu Fu Fu Fu, Vxsnan
SNaN Fu, Vxsnan | FU, Vxsnan | FU, Vxgnan | FU, Vxsnan | FU, Vxsnan
Explanation:
C(a:b) Algebraic comparison. See the table below.
F All finite numbers, including zeros.
Fe Set the 0b0010 code in CR field BF and FPSCRgpcc.
Fg Set the 0b0100 code in CR field BF and FPSCRgpcc.
Fl Set the 0b1000 code in CR field BF and FPSCRgpcc.
Fu Set the 0b0001 code in CR field BF and FPSCRgpcc.
VxSNAN The invalid-operation exception (VXSNAN) occurs. See Section 1.5.10.1 for
actions.
Relation of Value a to Value b | Action for C(a:b)
a=>b Fe
a<b Fl
a>b Fg

Figure 24. Actions: Compare Unordered
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DFP Compare Ordered [Quad] X-form

dcmpo BF,FRA,FRB

59 BF |//| FRA | FRB 130 /
0 6 |9 |1 16 21 31

dempog BF,FRAp,FRBp

63 |BF|//| FRAp | FRBp 130 /
0 6 9 (11 16 21 31

The DFP operand in register FRA[p] is compared to the
DFP operand in register FRB[p]. The result of the com-
pare is placed into CR field BF and the FPSCREgpcc.

Special Registers Altered:
CR field BF
FPCC
FX
VXSNAN VXVC

Operandain Actions for Compare ordered (a:b) when operand b in FRB[p] is
FRA[p] is -00 F +00 QNaN SNaN
-0 Fe Fl Fl Fu, Vxve Fu, Vxsy
F Fg C(a:b) Fl Fu, Vxve Fu, Vxsy
+00 Fg Fg Fe Fu, Vxve Fu, Vxsy
QNaN Fu, VXVC Fu, VXVC Fu, VXVC Fu, VXVC Fu, VXSV
SNaN FU, VXSV FU, VXSV FU, VXSV FU, VXSV FU, VXSV
Explanation:
C(a:b) Algebraic comparison. See the table below
F All finite numbers, including zeros
Fe Set the 0b0010 code in CR field BF and FPSCRgpcc
Fg Set the 0b0100 code in CR field BF and FPSCRgpcc
Fl Set the 0b1000 code in CR field BF and FPSCRgpcc
Fu Set the 0b0001 code in CR field BF and FPSCRgpcc
Vxsv The invalid-operation exception (VXSNAN) occurs. Additionally, if the exception is dis-
abled (FPSCRyg=0), then FPSCRyx\c is also set to one. See Section 1.5.10.1 for
actions.
Vxve The invalid-operation exception (VXVC) occurs. See Section 1.5.10.1 for actions.
Relation of Value a to Value b | Action for C(a:b)
a=>b Fe
a<b Fl
a>b Fg

Figure 25. Actions: Compare Ordered
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1.6.3 DFP Test Instructions

The DFP test instructions consist of the Test Data
Class, Test Data Group, Test Exponent, and Test Signif-
icance instructions, and they do not provide the record
bit.

The test instructions set the designated CR field to indi-
cate the result. The FPSCRgpc is set in the same
way.

DFP Test Data Class [Quad] Z-form DFP Test Data Group [Quad] Z-form
dtstdc BF,FRA,DCM dtstdg BF,FRA,DGM

59 |BF|/| FRA | DCM 194 / 59 |BF|//| FRA | DGM 226 /
0 6 9 (11 16 22 31 0 6 9 (11 16 22 31
dtstdcq BF,FRAp,DCM dtstdgq BF,FRAp,DGM

63 |BF|//|FRAp| DCM 194 / 63 |BF |/ | FRAp | DGM 226 /
0 6 9 M 16 22 31 0 6 9 |11 16 22 31

The DFP operand in register FRA[p] is classified into
one of 6 data classes to select one bit from the DCM
(Data Class Mask) field. The test result is placed in CR
field BF and FPSCRgpcc to indicate whether the
selected bit in the DCM field is one or zero, and
whether the sign of the source operand is plus or
minus. Bits in the DCM field define the data classes as
shown below.

DCM Bit Data Class
Zero
Subnormal
Normal
Infinity

Quiet NaN
Signaling NaN

The codes in CR field BF and FPCC are defined as fol-
lows.

apsrwON-—=O

Field Meaning

0000 Operand positive with no match
0010 Operand positive with match
1000 Operand negative with no match
1010 Operand negative with match
Special Registers Altered:

CR field BF
FPCC

The DFP operand in register FRA[p] is classified into
one of 6 data groups to select one bit from the DGM
(Data Group Mask) field. The test result is placed in
CR field BF and FPSCRgpgc to indicate whether the
selected bit in the DGM field is one or zero, and
whether the sign of the source operand is plus or
minus. Bits in the DGM field define the data groups as
shown below. The term extreme exponent means
either the maximum exponent, X, Or the minimum
exponent, Xmin-

DGM Bit Data Group

0 Zero with non-extreme exponent

1 Zero with extreme exponent

2 Subnormal or (Normal with extreme expo-
nent)

3 Normal with non-extreme exponent and
leftmost zero digit in coefficient

4 Normal with non-extreme exponent and
leftmost nonzero digit in coefficient

5 Special symbol (Infinity, QNaN, or SNaN)

The codes in CR field BF and FPCC are defined as fol-
lows.

Field Meaning

0000 Operand positive with no match
0010  Operand positive with match
1000 Operand negative with no match
1010  Operand negative with match
Special Registers Altered

CR field BF
FPCC
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DFP Test Exponent [Quad] X-form
dtstex BFFRA,FRB

59 |BF|//| FRA | FRB 162 /
0 6 9 (11 16 21 31
dtstexq BF,FRAp,FRBp

63 |BF|//| FRAp | FRBp 162 /
0 6 9 (11 16 21 31

The exponent value (Ea) of the DFP operand in FRA[p]
is compared to the exponent value (Eb) of the DFP
operand in FRB [p]. The result of the compare is
placed into CR field BF and the FPSCRgpcc.

The codes in the CR field BF and FPSCRgpcc are
defined for the DFP Test Exponent operations as fol-
lows.

Bit Description

0 Ea < Eb

1 Ea > Eb

2 Ea=Eb

3 Ea ? Eb

Special Registers Altered:
CR field BF
FPCC

Operand a Actions for Test Exponent (Ea:Eb)
inFRA[p] when operand b in FRB[p] is
is F oo QNaN | SNaN
F C(Ea:Eb) Fu Fu Fu
) Fu Fe Fu Fu
QNaN Fu Fu Fe Fe
SNaN Fu Fu Fe Fe
Explanation:
C(Ea:Eb) Algebraic comparison. See the table
below.
F All finite numbers, including zeros.
Fe Set the 0b0010 code in CR field BF and
FPSCREpcc.
Fg Set the 0b0100 code in CR field BF and
FPSCREgpcc.
Fl Set the 0b1000 code in CR field BF and
Fu Set the 0b0001 code in CR field BF and
Relation of Value Ea to | Action for C(Ea:Eb)
Value Eb
Ea = Eb Fe
Ea < Eb Fl
Ea > Eb Fg

Figure 26. Actions: Test Exponent

32 Power Architecture™ PowerPC® Processor -- Book | - il



Preliminary - Subject to change

DFP Test Significance [Quad] X-form
dtstsf BFFRA,FRB

59 |BF|//| FRA | FRB 674 /
0 6 9 (11 16 21 31
dtstsfq BF,FRA,FRBp

63 |BF|//| FRA | FRBp 674 /
0 6 9 (11 16 21 31

The number of significant digits of the DFP operand in
FRB[p], NSDb, is compared to the referenced signifi-
cance, k. For this instruction, the number of significant
digits of the value 0 is considered to be zero. The result
of the compare is placed into CR field BF and the

The source operand in FRA contains a 6-bit unsigned
binary integer that specifies the referenced signifi-
cance. The format of the source operand in FRA is
defined below.

Actions for Test Significance when the operand in

FRBI[p] is
F 0 QNaN SNaN
C(k: NSDb) Fu Fu Fu
Explanation:
C(k: NSDb)  Algebraic comparison. See the
table below.
F All finite numbers, including zeros.
Fe Set the 0b0010 code in CR field BF
and FPSCRFPCC'
Fg Set the 0b0100 code in CR field BF
and FPSCRFPCC'
Fl Set the 0b1000 code in CR field BF
and FPSCRFPCC'
Fu Set the 0b0001 code in CR field BF

and FPSCRchc.

| 177 [ K

0 58 63

The codes in the CR field BF and FPSCRgpgc are
defined for the DFP Test Significance operation as fol-
lows.

Bit Description

0 k<0 and k < NSDb
1 k+0and k > NSDb,ork=0
2 k+0andk = NSDb
3 k ? NSDb
Special Registers Altered:
CR field BF
FPCC

Relation of Value NSDb to Action for
Value k C(k:NSDb)
k+ 0 and k = NSDb Fe
k + 0 and k < NSDb Fl
k#=0and k> NSDb, ork=0 Fg

Figure 27. Actions: Test Significance
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1.6.4 DFP Quantum Adjustment Instructions

The Quantum Adjustment operations consist of the
Quantize, Quantize Immediate, Reround, and Round
To FP Integer operations.

The Quantum Adjustment instructions are Z-form
instructions and have an immediate RMC (Rounding-
Mode-Control) field, which specifies the rounding mode
used. For Quantize, Quantize Immediate, and
Reround, the RMC field contains the primary encoding.
For Round to FP Integer, the field contains either pri-

mary or secondary encoding, depending on the setting
of a RMC-encoding-selection bit. See Section 1.5.2
“Rounding Mode Specification” on page 13 for the defi-
nition of RMC encoding.

All Quantum Adjustment instructions set the Fl and FR
status flags, and also set the FPSCRgpRf field. The
record bit is provided to each of these instructions.
They return the target operand in a form with the ideal
exponent.

DFP Quantize Immediate [Quad] Z-form DFP Quantize [Quad] Z-form
dquai TE,FRT,FRB,RMC (Rc=0) dqua FRT,FRA,FRB,RMC (Re=0)
dquai. TE,FRT,FRB,RMC (Re=1) dqua. FRT,FRA,FRB,RMC (Re=1)
59 | FRT | TE | FRB |RMC 67 Rc 59 | FRT | FRA | FRB |RMC 3 Rc
0 6 1 16 21 23 31 0 6 11 16 21 23 31
dquaiq TE,FRTp,FRBp,RMC (Rc=0) dquaq FRTp,FRAp,FRBp,RMC (Rc=0)
dquaig. TE,FRTp,FRBp,RMC (Re=1) dquag. FRTp,FRAp,FRBp,RMC (Re=1)
63 |FRTp| TE |FRBp RMC 67 Rc 63 |FRTp|FRAp|FRBp|RMC 3 Rc
0 6 1 16 21 23 31 0 6 11 16 21 23 31

The DFP operand in the source register FRB[p] is con-
verted and rounded to the form with the exponent spec-
ified by TE based on the rounding mode specified in the
RMC field. TE is a 5-bit signed binary integer. The
result of that form is placed in the target register
FRT[p]. The sign of the result is the same as the sign
of the source operand in FRB[p]. The ideal exponent is
the exponent specified by TE.

When the value of the source operand in FRB[p] is
greater than (10P-1) X 10"E, where p is the format pre-
cision, an invalid operation exception is recognized.

When the delivered result differs in value from the
source operand in FRB[p], an inexact exception is rec-
ognized. No underflow exception is recognized by this
operation, regardless of the value of the source oper-
and in FRB[p].

Figure 28 and Figure 29 summarize the actions. The
tables do not include the setting of the FPSCRgprg
field. The FPSCRgpRe field is always set to the class
and sign of the result, except for an enabled invalid-
operation exception, in which case the field remains
unchanged.

Special Registers Altered:
FPRF FR FI
FX XX
VXSNAN VXCVI
CR1 (if Re=1)

The DFP operand in the source register FRB[p] is con-
verted and rounded to the form with the same exponent
as that of the DFP operand in FRA[p] based on the
rounding mode specified in the RMC field. The result
of that form is placed in the target register FRT[p]. The
sign of the result is the same as the sign of the source
operand in FRBI[p]. The ideal exponent is the exponent
specified in FRA[p].

When the value of the source operand in FRB[p] is
greater than (10P-1) X 102, where p is the format pre-
cision and Ea is the exponent of the operand in FRA[p],
an invalid operation exception is recognized.

When the delivered result differs in value from the
source operand in FRB[p], an inexact exception is rec-
ognized. No underflow exception is recognized by this
operation, regardless of the value of the source oper-
and in FRBJ[p].

The following tables summarize the actions. The table
does not include the setting of the FPSCRgpgRf field.
The FPSCRepgr field is always set to the class and
sign of the result, except for an enabled invalid-opera-
tion exception, in which case the field remains
unchanged.

Special Register Altered:
FPRF FR FI
FX XX
VXSNAN VXCVI
CR1 (if Re=1)
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Operand a Actions for Quantize when operand b in FRB[p] is
in FRA[p] is 0 Fn o QNaN SNaN
0 ’ ’ Vxcvi: T(dNaN) P(b) Vxsnan: U(b)
Fn ! ! Vxcvi: T(dNaN) P(b) Vxsnan: U(b)
L4 VXCVl: T(dNaN) VXCVl: T(dNaN) T(leF) P(b) VXSNAN: U(b)
QNaN P(a) P(a) P(a) P(a) VXSNAN: U(b)
SNaN Vxsnan: U(a) Vxsnan: U(a) Vxsnan: U(a) Vxsnan: U(a) Vxsnan: U(a)
Explanation:

*

dINF
dNaN
Fn
P(x)
T(x)
U(x)
Vxcvi

VxsNAN

See next table.

Default infinity

Default quiet NaN

Finite nonzero numbers (includes both subnormal and normal numbers)

The QNaN of operand x is propagated and placed in FRT[p]

The value x is placed in FRT[p]

The SNaN of operand x is converted to the corresponding QNaN and placed in FRTI[p].

The Invalid-Operation Exception (VXCVI) occurs. The result is produced only when the exception is
disabled. (See Section 1.5.10.1 for actions)

The Invalid-Operation Exception (VXSNAN) occurs. The result is produced only when the exception
is disabled. (See Section 1.5.10.1 for actions)

Figure 28. Actions (part 1) Quantize

Actions for Quantize when operand b in FRBI[p] is
0 Fn
Te < Se V, > (10P-1) x 10'® E(0) Vxcvi: T(dNaN)
Vp < (10P- 1) x 10™® E(0) L(b)
Te = Se E(0) W(b)
Te > Se E(0) QR(b)
Explanation:
dNaN Default quiet NaN
E(0) The value of zero with the exponent value Te is placed in FRT[p].
L(x) The operand x is converted to the form with the exponent value Te.
p The precision of the format.
QR(x) The operand x is rounded to the result of the form with the exponent value Te based on the specified
rounding mode. The result of that form is placed in FRT[p].
Se The exponent of the source operand in FRB[p].
Te The target exponent; FRA[p] for dqualq], or TE, a 5-bit signed binary integer for dquailq].
T(x) The value x is placed in FRT[p].
Vp The value of the source operand in FRBI[p].
W(x) The value and the form of operand x is placed in FRT[p].
Vxcvi:  The Invalid-Operation Exception (VXCVI) occurs. The result is produced only when the exception is

disabled. (See Section 1.5.10.1 for actions.)

Figure 29. Actions (part2) Quantize
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DFP Reround [Quad] Z-form

drrnd FRT,FRA,FRB,RMC (Rc=0)
drrnd. FRT,FRA,FRB,RMC (Re=1

59 FRT | FRA | FRB |RMC 35 Rc
0 6 11 16 21 23 31
drrndqg FRTp,FRA,FRBp,RMC (Rc=0)
drrndg. FRTp,FRA,FRBp,RMC (Re=1)

63 |FRTp| FRA |FRBp|RMC 35 Rc
0 6 11 16 21 23 31

When the DFP operand in the source register FRBI[p] is
a finite number, and if the referenced significance is
zero, or if the referenced significance is nonzero and
the number of significant digits of the source operand is
less than or equal to the referenced significance, then
the value and the form of the source operand is placed
in the target register FRT[p]. If the referenced signifi-
cance is nonzero and the number of significant digits of
the source operand is greater than the referenced sig-
nificance, then the source operand is converted and
rounded to the number of significant digits specified in
the referenced significance based on the rounding
mode specified in the RMC field. The result of the form
with the specified number of significant digits is placed
in the target register FRT[p]. The sign of the result is
the same as the sign of the source operand in FRB[p].

For this instruction, the number of significant digits of
the value 0 is considered to be zero. The ideal expo-
nent is the greater value of the exponent of the source
operand in FRB[p] and the referenced exponent. The
referenced exponent is the resultant exponent if the
source operand in FRB[p] would have been converted
and rounded to the number of significant digits speci-
fied in the referenced significance based on the round-
ing mode specified in the RMC field.

The referenced-significance field of the source operand
in FRA contains a 6-bit unsigned binary integer that
specifies the number of significant digits of the target
operand. The format of the source operand in FRA is
defined below.

| IT] | k

0 58 63

If the exponent of the rounded result of the form that
has the specified number of significant digits would be
greater than Xpay an invalid operation exception
(VXCVI) occurs. When the invalid-operation exception
occurs, and if the exception is disabled, a default QNaN
is returned. When an invalid-operation exception
occurs, no inexact exception is recognized.

In the absence of an invalid-operation exception, if the
result differs in value from the source operand in
FRB[p], an inexact exception is recognized.

This operation causes neither an overflow nor an
underflow exception.

The following table summarizes the actions for
Reround. The table does not include the setting of the
FPSCRgpRf field. The FPSCRgpgf field is always set
to the class and sign of the result, except for an
enabled invalid-operation exception, in which case the
field remains unchanged.

Special Registers Altered:
FPRF FR FI
FX XX
VXSNAN VXCVI
CR1 (if Re=1)
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Actions for Reround when operand b in FRB[p] is

o* Fn o0 QNaN SNaN
- RR(b) or T(dINF P(b \ :U(b
k+0,k<m Ve (T()dNaN) (dINF) (b) xsnan: U(b)
k+0,k=m - W(b) T(dINF) P(b) Vysnan: U(b)
k+0and k > m, W(b) W(b) T(dINF) P(b) Vysnan: U(b)
ork=0
Explanation:
* The number of significant digits of the value 0 is considered to be zero for this instruction.
- Not applicable.
dINF Default infinity.
Fn Finite nonzero numbers (includes both subnormal and normal numbers).
k Referenced significance, which specifies the number of significant digits in the target operand.
m Number of significant digits in the source operand in FRBI[p].
P(x) The QNaN of operand x is propagated and placed in FRT[p].
RR(x) The value x is rounded to the form that has the specified number of significant digits.
If RR(x) < (10K-1) x 10X™2X then RR(x) is returned; otherwise an invalid-operation excep-
tion is recognized.
T(x) The value x is placed in FRT[p].
U(x) The SNaN of operand x is converted to the corresponding QNaN and placed in FRT[p].
Vyxevi The Invalid-Operation Exception (VXCVI) occurs. The result is produced only when the
exception is disabled. (See Section 1.5.10.1 for actions.)
VxSNAN: The Invalid-Operation Exception (VXSNAN) occurs. The result is produced only when the
exception is disabled. See Section 1.5.10.1 for actions.
W(x) The value and the form of x is placed in FRT[p].

Figure 30. Actions: Reround
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DFP Round To FP Integer With Inexact

[Quad] Z-form
drintx R,FRT,FRB,RMC (Rc=0)
drintx. R,FRT,FRB,RMC (Re=1)
59 | FRT | // |R| FRB |RMC 99 Rc
0 6 11 [15[16 21 23 31
drintxq FRTp,FRBp,RMC (Rc=0)
drintxq. FRTp,FRBp,RMC (Re=1)

63 |FRTp| / |R|FRBp|[RMC 99 Rc
0 6 11 15 |16 21 23 31

The DFP operand in the source register FRB[p] is con-
verted and rounded to a floating-point integer. The
rounded value in the form of a floating-point integer is
placed into the target register FRT[p] in the same
source format. The sign of the result is the same as the
sign of the source operand. The ideal exponent is the
larger value of zero and the exponent of the source
operand in FRB[p].

The rounding mode used is specified in the RMC field.
When the RMC-encoding-selection (R) bit is zero, the
RMC field contains the primary encoding; when the bit
is one, the field contains the secondary encoding.

In addition to coercion of the converted value to fit the
target format, the special rounding used by Round To
FP Integer also coerces the target exponent to the ideal
exponent.

When the source operand is a finite number, and if the
source exponent is less than zero, the source operand
is converted and rounded to the result with the target
exponent of zero. When the source exponent is greater
than or equal to zero, the result is set to the numerical
value and the form of the source operand.

When the result differs in value from the source oper-
and in FRB[p], an inexact exception is recognized. No
underflow exception is recognized by this operation,
regardless of the value of the source operand in
FRBI[p].

The following table summarizes the actions for Round
To FP Integer With Inexact. The table does not include
the Setting of the FPSCRFPRF field. The FPSCRFPRF
field is always set to the class and sign of the result,
except for an enabled invalid-operation, in which case
the field remains unchanged.

Special Registers Altered:
FPRF FR FI
FX XX
VXSNAN
CR1 (if Re=1)
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Operandb | Is n not pre- Inv.-O_p. Inexaf:t Is n Incre-
in FRBis | cise (n = b) Exception | Exception mented . .
Enabled Enabled (In] > |b]) | Actions

-0 No' - - - T(-dINF), Fl « 0, FR « 0

F No - - - W(n), Fl« 0,FR <0

F Yes - No No W(n), Fl «1,FR « 0, XX « 1

F Yes - No Yes W(n), Fl « 1,FR « 1, XX « 1

F Yes - Yes No W(n), Fl« 1,FR « 0, XX « 1, TX

F Yes - Yes Yes W(n), Fl«1,FR« 1, XX 1, TX

+0 No' - - - T(+dINF), Fl « 0, FR« 0

QNaN No' - - - P(b), Fl« 0,FR« 0
SNaN No' No - - U(b), Fl « 0, FR « 0, VXSNAN « 1
SNaN No' Yes - - VXSNAN « 1, TV
Explanation:
* Setting of XX and VXSNAN is part of the corresponding exception actions. Also, when an invalid-
operation exception occurs, setting of Fl and FR is part of the exception actions.(See the sections,
“Inexact Exception” and “Invalid Operation Exception” for more details.)
- The actions do not depend on this condition.
1 This condition is true by virtue of the state of some condition to the left of this column.
dINF Default infinity.
F All finite numbers, including zeros.

Fl Floating-Point-Fraction-Inexact status flag, FPSCRE,.

FR Floating-Point-Fraction-Rounded status flag, FPSCRgR.

n The value derived when the source operand, b, is rounded to an integer using the special rounding
for Round To FP Integer.

P(x) The QNaN of operand x is propagated and placed in FRT[p].

T(x) The value x is placed in FRT[p].

TV The system floating-point enabled exception error handler is invoked for the invalid-operation excep-
tion if the FEO and FE1 bits in the machine-state register are set to any mode other than the
ignore-exception mode.

TX The system floating-point enabled exception error handler is invoked for the inexact exception if the
FEO and FE1 bits in the machine-state register are set to any mode other than the ignore-excep-
tion mode.

U(x) The SNaN of operand x is converted to the corresponding QNaN and placed in FPT[p].

W(x) The value x in the form of zero exponent or the source exponent is placed in FRT[p].

XX Floating-Point-Inexact-Exception status flag, FPSCRyy.

Figure 31. Actions: Round to FP Integer With

Inexact
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DFP Round To FP Integer Without Inexact

[Quad] Z-form
drintn R,FRT,FRB,RMC (Rc=0)
drintn. R,FRT,FRB,RMC (Re=1)

59 FRT | // |R| FRB |RMC 227 Rc

0 6 1 15|16 21 23 31
drintnq FRTp,FRBp,RMC (Rc=0)
drintng. FRTp,FRBp,RMC (Re=1)

63 |FRTp| / |R[FRBp|RMC| 227 |Rc
0 6 11 15 |16 21 23 31

This operation is the same as the Round To FP Integer
With Inexact operation, except that this operation does
not recognize an inexact exception.

The following table summarizes the actions for Round
To FP Integer Without Inexact. The table does not
include the setting of the FPSCRgpgg field. The
FPSCRepRe field is always set to the class and sign of
the result, except for an enabled invalid-operation, in
which case the field remains unchanged.

Special Registers Altered:
FPRF FR FI (FR and FI are set to zeros)
FX
VXSNAN
CR1 (if Re=1)

Operation Exception” for more details.)

dINF Default infinity.

Round-To-FP-Integer.

T(x) The value x is placed in FRT[p].

exception mode.

- The actions do not depend on this condition.

Operand b in | Inv.-Op. Exception .
PERB is Enabled Actions™
-0 - T(-dINF), Fl « 0, FR « 0
F - W(n), Fl«0,FR <0
+00 - T(+dINF), Fl « 0,FR « 0
QNaN - P(b), Fl«0,FR « 0
SNaN No U(b), Fl « 0, FR « 0, VXSNAN«1
SNaN Yes VXSNAN « 1, TV
Explanation:
* Setting of VXSNAN is part of the corresponding exception actions. Also, when an invalid-operation

exception occurs, setting of Fl and FR bits is part of the exception actions. (See the sections, “Invalid

F All finite numbers, including zeros.

Fl Floating-Point-Fraction-Inexact status flag, FPSCRE;.

FR Floating-Point-Fraction-Rounded status flag, FPSCRgRg.

n The value derived when the source operand, b, is rounded to an integer using the special rounding for

P(x) The QNaN of operand x is propagated and placed in FRT[p].

TV The system floating-point enabled exception error handler is invoked for the invalid-operation exception
if the FEO and FE1 bits in the machine-state register are set to any mode other than the ignore-

U(x) The SNaN of operand x is converted to the corresponding QNaN and placed in FPT[p].
W(x) The value x in the form of zero exponent or the source exponent is placed in FRT[p].

Figure 32. Actions: Round to FP Integer Without
Inexact
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1.6.5 DFP Conversion Instructions

The DFP conversion instructions consist of data-format
conversion instructions and data-type conversion
instructions. They are all X-form instructions and have
the record bit provided.

1.6.5.1 DFP Data-Format Conversion
Instructions

The data-format conversion instructions consist of Con-
vert To DFP64, Convert To DFP128, Round To DFP32,
and Round To DFP64. The following table summarizes
the actions for these instructions.

Instruction Actions when operand b in FRB[p] is
F QNaN SNaN
Convert To DFP64 T(b)! P(b)>* P(b)>* P(b)34
Convert To DFP128 T(b)? T(dINF) P(b)>* Vysnan: Ub)>4
Round To DFP32 R(b)’ P(b)® P(b)%° P(b)3°
Round To DFP64 R(b)’ T(dINF) P(b)%° Vysnan: U(b)>2
Explanation:
1 The ideal exponent is the exponent of the source operand.
2 The BEC field is set to zero.
3 Bits in the BEC field are set to zeros, except for bit 0 which is set to 1.
4 The CC field is padded on the left with zeros.
5 Leftmost digits in the CC field are removed.
dINF Default infinity.
F All finite numbers, including zeros.
P(x) The special symbol in operand x is propagated into FRT[p].
R(x) The value x is rounded to the target-format precision; see Section 1.5.11
T(x) The value x is placed in FRT[p].
U(x) The SNaN of operand x is converted to the corresponding QNaN.
VxSNAN The Invalid-Operation Exception (VXSNAN) occurs. The result is produced only
when the exception is disabled. See Section 1.5.10.1 for actions.

Figure 33. Actions: Data-Format Conversion

Instructions

—— Programming Note

DFP does not provide the BFP Load Floating-Point
Single and Store Floating-Point Single functions.
To facilitate the program to simulate these two func-
tions, conversion of an SNaN or infinity between
DFP32 and DFP64 simply shortens or lengthens
the CC field with the contents being reencoded. If
the SNaN or infinity in the DFP32 format uses the
preferred DPD encoding, then converting this oper-
and to the DFP64 format and back to DFP32 will
result in the original bit pattern.
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DFP Convert To DFP64 X-form

DFP Convert To DFP128 X-form

dctdp FRT,FRB (Rc=0) dctgpq FRTp,FRB (Rc=0)
dctdp. FRT,FRB (Re=1) dctgpg. FRTp,FRB (Re=1)

59 FRT 1 FRB 258 Rc 63 FRTp I FRB 258 Rc
0 6 1 16 21 31 0 6 1 16 21 31

The DFP operand in the source register FRB is con-
verted to the DFP64 format and the converted result is
placed into the target register FRT. The sign of the
result is the same as the sign of the source operand.
The ideal exponent is the exponent of the source oper-
and.

The source operand is 32 bits; it is in the DFP32 format
and is in bits 32-63 of FRB. Bits 0-31 of FRB are
ignored. If the source operand is an SNaN, it is con-
verted to an SNaN in the DFP64 format and does not
cause an invalid-operation exception.

Special Registers Altered:
FPRF
CR1 (if Re=1)

The DFP operand in the source register FRB is con-
verted to the DFP128 format and the converted result is
placed into the target register pair FRTp. The sign of
the result is the same as the sign of the source oper-
and. The ideal exponent is the exponent of the source
operand.

The source operand is 64 bits and is in the DFP64 for-
mat. If the source operand is an SNaN, an invalid-
operation exception is recognized. If the exception is
disabled, the source SNaN is converted to the corre-
sponding QNaN in the DFP128 format and the con-
verted QNaN is returned.

Special Registers Altered:
FPRF FR FI (FR and FI are set to zero)
FX
VXSNAN
CR1 (if Re=1)
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DFP Round To DFP32 X-form

DFP Round To DFP64 X-form

drsp FRT,FRB (Rc=0) drdpq FRTp,FRBp (Rc=0)
drsp. FRT,FRB (Rc=1) drdpq. FRTp,FRBp (Re=1)

59 FRT / FRB 770 Rc 63 FRTp I FRBp 770 Rc
0 6 1 16 21 31 0 6 1 16 21 31

The DFP operand in the source register FRB is con-
verted and rounded to the DFP32 format. The DFP32
value is extended on the left with zeros to form a 64-bit
entity. The entity is placed into the target register FRT.
The sign of the result is the same as the sign of the
source operand. The ideal exponent is the exponent of
the source operand.

The source operand is 64 bits, and is in the DFP64 for-
mat. If the source operand is an SNaN, it is converted
to an SNaN in the DFP32 format and does not cause
an invalid-operation exception.

Normally, the result is in the format and length of the
target. However, when an overflow or underflow excep-
tion occurs and if the exception is enabled, the opera-
tion is completed by producing a wrapped rounded
result in the same format and length as the source but
rounded to the target-format precision.

Special Registers Altered:

FPRF FR FI
FX OX UX XX
CR1 (if Re=1)

The DFP operand in the source register FRBp is con-
verted and rounded to the DFP64 format. The result is
placed in the even-numbered target register and the
contents of the next higher-numbered target register
are set to zero. The sign of the result is the same as
the sign of the source operand. The ideal exponent is
the exponent of the source operand.

The source operand is 128 bits, and is in the DFP128
format. If the source operand is an SNaN, an invalid-
operation exception is recognized. If the exception is
disabled, the source SNaN is converted to the corre-
sponding QNaN in the DFP64 format and the converted
QNaN is returned.

Normally, the result is in the format and length of the
target. However, when an overflow or underflow excep-
tion occurs and if the exception is enabled, the opera-
tion is completed by producing a wrapped rounded
result in the same format and length as the source but
rounded to the target-format precision.

Special Registers Altered:
FPRF FR FI
FX OX UX XX
VXSNAN
CR1 (if Re=1)
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1.6.5.2 DFP Data-Type Conversion Instructions

The DFP data-type conversion instructions are used to
convert data type between DFP and fixed.

The data-type conversion instructions consist of Con-
vert From Fixed and Convert To Fixed.

DFP Convert From Fixed Quad  X-form DFP Convert To Fixed [Quad] X-form
dcffixq FRTp,FRB (Rc=0) dctfix FRT,FRB (Rc=0)
dcffixq. FRTp,FRB (Re=1) dctfix. FRT,FRB (Re=1)
63 FRTp / FRB 802 Rc 59 FRT I FRB 290 Rc
0 6 1 16 21 31 0 6 1 16 21 31
The 64-bit signed binary integer in the source register dctfixq FRT,FRBp (Rc=0)
FRB is converted and rounded to a DFP128 value and dctfixq. FRT,FRBp (Re=1)
placed into the target register FRTp. The sign of the
result is the same as the sign of the source operand. 63 FRT / FRBp 290 Rc
The ideal exponent is zero. 0 6 11 16 21 31

If the source operand is a zero, then a plus zero with a
zero exponent is returned.

The following table summarizes the actions for Convert
From Fixed. The table does not include the setting of
the FPSCRgpgf field. The FPSCRgpgr field is always
set to the class and sign of the result.

Special Registers Altered:

FPRF
CR1 (if Re=1)
Actions when operand b is
-0 +0 Fn o0 QNaN | SNaN
-- T(+0) | Rif(b) - - -
Explanation:

-- Not applicable.
Fn Finite nonzero numbers (includes both sub-
normal and normal numbers).
QNaN Quiet NaN.

Rf(b) The value b is converted to the precise
DFP number, and then rounded to the tar-
get-format precision. See Section 1.5.11 on
page 21.

SNaN Signaling NaN.

T(x) The value x is placed in FRTp.

Figure 34. Actions: Convert From Fixed

The DFP operand in the source register FRBI[p] is
rounded to an integer value and is placed into the tar-
get register FRT in the 64-bit signed binary integer for-
mat. The sign of the result is the same as the sign of
the source operand, except when the source operand
is a NaN or a zero.

The following table summarizes the actions for Convert
To Fixed.

Special Registers Altered:
FR FI
FX XX
VXSNAN VXCVI
CR1 (if Re=1)
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Operand b _ Isn r_lot Inv.-Op. | Inexact |Is nIncre- _
in FRBIp] is q is | precise | Except. | Except. mented Actions *
(n=b) | Enabled | Enabled | (|n| > |b])
-0 < b<MN| <MN - No - - T(MN), FI « 0, FR « 0, VXCVI « 1
-0 < b<MN| <MN - Yes - - VXCVI « 1, TV
-0 < b<MN| =MN - - No - T(MN), Fl « 1, FR « 0, XX « 1
-0 < b<MN| =MN - - Yes - T(MN), Fl « 1, FR « 0, XX « 1,TX
MN< b<0 - No - - - T(n), FI«0,FR« 0
MN< b<0 - Yes - No No T(n), Fl«1,FR« 0, XX « 1
MN< b<0 - Yes - No Yes T(n), Fl« 1,FR« 1, XX « 1
MN< b<0 - Yes - Yes No T(n), Fl« 1,FR« 0, XX « 1, TX
MN< b<O0 - Yes - Yes Yes T(n), Fl«1,FR« 1, XX« 1, TX
+0 - No - - - T(), FI«0,FR<«0
O<b< MP - No - - - T(n), FI«0,FR« 0
O<b< MP - Yes - No No T(n), Fl«1,FR« 0, XX « 1
O<b< MP - Yes - No Yes T(n), Fl« 1,FR« 1, XX « 1
O0<b<MP - Yes - Yes No T(n), Fl« 1,FR« 0, XX « 1, TX
O<b< MP - Yes - Yes Yes T(n), Fl«1,FR« 1, XX« 1, TX
MP <b <+ | = MP - - No - T(MP), Fl « 1, FR « 0, XX « 1
MP <b <+ | = MP - - Yes - T(MP),Fl « 1, FR « 0, XX « 1, TX
MP <b <+w | > MP - No - - T(MP), Fl « 0, FR « 0, VXCVI « 1
MP <b <+w | > MP - Yes - - VXCVI « 1, TV
QNaN - - No - - T(MN), FI<0, FR<0, VXCVI«1
QNaN - - Yes - - VXCVI<1, TV
SNaN - - No - - T(MN),Fl<0, FR<0, VXCVI«<1,VXSNAN «1
SNaN - - Yes - - VXCVI<1,VXSNAN « 1, TV
Explanation:

*

Setting of XX, VXCVI, and VXSNAN is part of the corresponding exception actions. Also, when an
invalid-operation exception occurs, setting of FI and FR bits is part of the exception actions. (See the
sections, “Inexact Exception” and “Invalid Operation Exception” for more details.)

The actions do not depend on this condition.

Fl Floating-Point-Fraction-Inexact status flag, FPSCRE,.

FR Floating-Point-Fraction-Rounded status flag, FPSCRgRg.

MN Maximum negative number representable by the 64-bit binary integer format

MP Maximum positive number representable by the 64-bit binary integer format.

n The value q converted to a fixed-point result.
q The value derived when the source value b is rounded to an integer using the specified rounding mode

T(x) The value x is placed in FRT[p].

TV The system floating-point enabled exception error handler is invoked for the invalid-operation exception
if the FEO and FE1 bits in the machine-state register are set to any mode other than the ignore-excep-
tion mode.

X The system floating-point enabled exception error handler is invoked for the inexact exception if the FEO
and FE1 bits in the machine-state register are set to any mode other than the ignore-exception mode.

VXCVI  The FPSCRyxcy invalid operation exception status bit.
VXSNAN The FPSCRyxsnan invalid operation exception status bit.
XX Floating-Point-Inexact-Exception status flag, FPSCRyy
Figure 35. Actions: Convert To Fixed
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1.6.6 DFP Format Instructions

The DFP format instructions are used to compose or
decompose a DFP operand. A source operand of
SNaN does not cause an invalid-operation exception.
All format instructions have the record bit provided.

The format instructions consist of Decode DPD To
BCD, Encode BCD To DPD, Extract Biased Exponent,
Insert Biased Exponent, Shift Coefficient Left Immedi-
ate, and Shift Coefficient Right Immediate.

DFP Decode DPD To BCD [Quad] X-form

DFP Encode BCD To DPD [Quad] X-form

ddedpd SP,FRT,FRB (Re=0) denbcd S,FRT,FRB (Rc=0)
ddedpd. SP,FRT,FRB (Re=1) denbcd. S,FRT,FRB (Re=1)

59 FRT |SP|///| FRB 322 Rc 59 FRT |S|////| FRB 834 Rc
0 6 11 |13 |16 21 31 0 6 1112 |16 21 31
ddedpdq  SPFRTp,FRBp (Rc=0) denbcdq  S,FRTp,FRBp (Rc=0)
ddedpdq. SPFRTp,FRBp (Rc=1) denbcdq.  S,FRTp,FRBp (Rc=1)

63 FRTp |SP|///| FRBp 322 Rc 63 FRTp |S|////| FRBp 834 Rc
0 6 11 |13 |16 21 31 0 6 1112 |16 21 31

The ddedpd|q] instruction converts a portion of the
coefficient of the DFP operand in FRBJ[p] to a signed or
unsigned BCD number depending on the SP field. For
infinity and NaN, the coefficient is considered to be the
contents in the CC field padded on the left by a zero
digit.

SP, = 0 (unsigned conversion)

The rightmost 16 digits of the coefficient (32 digits
for ddedpdq) is converted to an unsigned BCD
number and the result is placed into FRT[p].

SPy =1 (signed conversion)

The rightmost 15 digits of the coefficient (31 digits
for ddedpdq) is converted to a signed BCD num-
ber with the same sign as the DFP operand, and
the result is placed into FRT[p]. If the DFP oper-
and is negative, the sign is encoded as 0b1101. If
the DFP operand is positive, SP1 indicates which
preferred plus sign encoding is used. If SP1 =0,
the plus sign is encoded as 0b1100 (the option-1
preferred sign code), otherwise the plus sign is
encoded as 0b1111(the option-2 preferred sign
code).

Special Registers Altered:
CR1 (if Re=1)

The denbcd[q] instruction converts the signed or
unsigned BCD operand, depending on the S field, in
FRB[p] into a DFP number. The ideal exponent is zero

S = 0 (unsigned BCD operand)

The unsigned BCD operand in register FRB[p] is
converted to a positive DFP number of the same
magnitude and the result is placed into register
FRT[p].

S =1 (sighed BCD operand)

The signed BCD operand in register FRBJ[p] is con-
verted to the corresponding DFP number and the
result is placed into register FRT[p].

If an invalid BCD digit or sign code is detected in the
source operand, an invalid-operation exception
(VXCVI) occurs.

FPSCRgpRr is set to the class and sign of the result,
except for Invalid Operation Exception when
FPSCRyg=1.

Special Registers Altered:
FPRF FR FI (FR and Fl are set to zero)
FX
VXCVI
CR1 (if Re=1)
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DFP Extract Biased Exponent [Quad] X-
form

DFP Insert Biased Exponent [Quad]  X-
form

dxex FRT,FRB (Rc=0) diex FRT,FRA,FRB (Rc=0)
dxex. FRT,FRB (Re=1) diex. FRT,FRA,FRB (Re=1)

59 FRT 1 FRB 354 Rc 59 FRT | FRA | FRB 866 Rc
0 6 11 16 21 31 0 6 11 16 21 31
dxexq FRT,FRBp (Rc=0) diexq FRTp,FRA,FRBp (Rc=0)
dxexq. FRT,FRBp (Re=1) diexq. FRTp,FRA,FRBp (Re=1)

63 FRT / FRBp 354 Rc 63 FRTp | FRA | FRBp 866 Rc
0 6 1 16 21 31 0 6 1 16 21 31

The biased exponent of the source operand in the reg-
ister FRB[p] is extracted and placed into the target reg-
ister FRT in the 64-bit signed binary integer format.
When the source operand is an infinity, QNaN, or
SNaN, a special code is returned.

Operand Result

Finite Number biased exponent value
Infinity -1

QNaN -2

SNaN -3

Special Registers Altered:
CR1 (if Re=1)

Programming Note

The exponent bias value is 101 for DFP32, 398 for
DFP64, and 6176 for DFP128.

The biased target exponent in the source register FRA
is combined with the sign bit and the coefficient value of
the source operand in FRB[p] to form the result in
FRT[p]. The ideal exponent is the specified target
exponent.

The source operand in FRA is a 64-bit signed binary
integer. When the source operand in FRA specifies a
special code, an infinity, QNaN, or SNaN is formed in
FRT[p] with the CC field containing the value from that
field of the source operand in FRB[p]. When the target
operand is an infinity or QNaN, the BEC field contains
all zeros; when it is an SNaN, bit 0 of the field is one
and all other bits of the field are zeros.

The following table summarizes the meaning of the
source operand in FRA

Operanda Result

in FRA

a>MBE'  QNaN

MBE >a >0 Finite number with biased exponent a
a=-1 Infinity

a=-2 QNaN

a=-3 SNaN

a<-3 QNaN

1 Maximum biased exponent for the target format

Special Registers Altered:
CR1 (if Re=1)

Programming Note

The exponent bias value is 101 for DFP32, 398 for
DFP64, and 6176 for DFP128.
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Operand a in

Actions for Insert Biased Exponent when operand b in FRB[p] specifies

FRA[p] specifies F 00 QNaN SNaN
F N, Rb Z,Rb Z,Rb Z,Rb
o0 I, Rb I, Rb I, Rb I, Rb
QNaN Q, Rb Q, Rb Q, Rb Q, Rb
SNaN S, Rb S, Rb S, Rb S, Rb
Explanation:
F All finite numbers, including zeros
| The combination field in FRT[p] is set to indicate an infinity and the biased-exponent
continuation (BEC) field is set to zero.
N The combination and the BEC fields in FRT[p] are set to the specified biased expo-
nent in FRA and the leftmost coefficient digit in FRB[p].
Q The combination field in FRT[p] is set to indicate a NaN and the BEC field is set to
zero.
S The combination field in FRT[p] is set to indicate a NaN, and the leftmost bit in the
BEC field is set to one and the remaining bits in BEC set to zero.
4 The combination and the BEC fields in FRT[p] are set to the specified biased expo-
nent in FRA and a leftmost coefficient digit of zero.
Rb The contents of the coefficient-continuation field in FRB[p] are reencoded using pre-

ferred DPD codes and the reencoded result is placed in the same field in FRT[p].
The sign bit of FRB[p] is copied into the sign bit in FRT[p].

Figure 36. Actions: Insert Biased Exponent
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DFP Shift Coefficient Left Immediate

DFP Shift Coefficient Right Immediate

[Quad] Z-form [Quad] Z-form
dscli FRT,FRA,SH (Rc=0) dscri FRT,FRA,SH (Rc=0)
dscli. FRT,FRA,SH (Ro=1) dsori. FRT,FRA,SH (Ro=1)
59 | FRT | FRA | SH 66 Re 59 | FRT | FRA | SH 98 Rc
0 6 11 16 22 31 0 6 11 16 22 31
dscliq FRTp,FRAp,SH (Ro=0)  Gocrd ThTpTRADSY (Re=0)
dscliq.  FRTp,FRAp,SH (Ro=1) scriq. p.FRAP, (Re=1)
63 | FRTp | FRAp | SH 66 Rc 63 | FRTp | FRAp | SH %8 Re
0 6 11 16 22 31
0 6 11 16 22 31

The coefficient of the DFP operand in register FRA[p] is
shifted left SH digits. For a NaN or infinity, all coeffi-
cient digits are in the CC field. SH is a 6-bit unsigned
binary integer. Digits shifted out of the leftmost digit are
lost. Zeros are supplied to the vacated positions on the
right. The result is placed into the target register
FRT[p]. The sign of the result is the same as the sign
of the source operand in FRA[p].

If the source operand in FRA[p] is a finite number, the
exponent of the result is the same as the exponent of
the source operand. If the source operand is an infinity
or QNaN, then the BEC field of the result contains all
zeros. If the source operand is an SNaN, the BEC field
of the result contains all zeros, except for bit 0 which is
setto 1.

Special Registers Altered
CR1 (if Re=1)

The coefficient of the DFP operand in register FRA[p] is
shifted right SH digits. For a NaN or infinity, all coeffi-
cient digits are in the CC field. SH is a 6-bit unsigned
binary integer. Digits shifted out of the units digit are
lost. Zeros are supplied to the vacated positions on the
left. The result is placed into the target register FRT[p].
The sign of the result is the same as the sign of the
source operand in FRA[p].

If the source operand in FRA[p] is a finite number, the
exponent of the result is the same as the exponent of
the source operand. If the source operand is an infinity
or QNaN, then the BEC field of the result contains all
zeros. If the source operand is an SNaN, the BEC field
of the result contains all zeros, except for bit 0 which is
setto 1.

Special Registers Altered:
CR1 (if Re=1)
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1.6.7 DFP Instruction Summary
2 ‘o | FPRF
S £
= = Blo| of|FP —
e x SNaN e Q | Exception %: R
= | Full Name L | Operands Vs G I r|VZOUX| w|lE|C
dadd DFP Add X | FRT, FRA, FRB Y N| RE|Y |Y [V OUX|Y |Y|Y
daddq DFP Add Quad X | FRTp, FRAp, FRBp Y N| RE|Y |Y [V OUX|Y |Y|Y
dsub DFP Subtract X | FRT, FRA, FRB Y N| RE|Y |Y [V OUX|Y |Y|Y
dsubq DFP Subtract Quad X | FRTp, FRAp, FRBp Y N| RE|Y |Y [V OUX|Y |Y]|Y
dmul DFP Multiply X | FRT, FRA, FRB Y N| RE|Y |Y [V OUX|Y |Y|Y
dmulq DFP Multiply Quad X | FRTp, FRAp, FRBp Y N| RE|Y |Y [V OUX|Y |Y|Y
ddiv DFP Divide X | FRT, FRA, FRB Y N| RE|Y |Y [VZOUX|Y |Y]|Y
ddivq DFP Divide Quad X | FRTp, FRAp, FRBp Y N| RE|Y |Y [VZOUX|Y |Y|Y
dcmpo | DFP Compare Ordered X | BF, FRA, FRB Y - - IN|Y |V - - |N
dcmpoq | DFP Compare Ordered Quad X | BF, FRAp, FRBp Y - - IN|Y |V - - |N
dcmpu DFP Compare Unordered X | BF, FRA, FRB Y - - IN|Y |V - - [N
dcmpuq | DFP Compare Unordered Quad X | BF, FRAp, FRBp Y - - IN|Y |V - - [N
dtstdc DFP Test Data Class Z | BF, FRA, DCM N - - [N |yl - - [N
dtstdcq | DFP Test Data Class Quad Z | BF, FRAp, DCM N - LB - - |IN
dtstdg DFP Test Data Group Z | BF, FRA,DGM N - - [N |y? - - |IN
dtstdgq | DFP Test Data Group Quad Z | BF, FRAp, DGM N - - [N |y? - - |IN
dtstex DFP Test Exponent X | BF, FRA, FRB N - - IN|Y - - [N
dtstexq | DFP Test Exponent Quad X | BF, FRAp, FRBp N - - IN|Y - - |IN
dtstsf DFP Test Significance X | BF, FRA(FIX), FRB N - - IN|Y - - |N
dtstsfq DFP Test Significance Quad X | BF, FRA(FIX), FRBp N - - [N |Y - - |N
dquai DFP Quantize Immediate Z | TE, FRT, FRB, RMC Y N| RE|Y |Y |V XY |Y|Y
dquaiq DFP Quantize Immediate Quad Z | TE, FRTp, FRBp, RMC Y N| RE|Y |Y |V XY |Y|Y
dqua DFP Quantize Z |FRT,FRA,FRB,RMC Y N| RE|Y |Y |V XY |Y |Y
dquaq DFP Quantize Quad Z |FRTp,FRAp,FRBp,RMC [ Y N| RE|Y |Y |V XY |Y|Y
drrnd DFP Reround Z |FRT,FRA(FIX),FRBRMC | Y N| RE|Y |Y |V XY |Y |Y
drrndq DFP Reround Quad Z |FRTp, FRA(FIX), FRBp, | Y N| RE|Y |Y |V XY |Y |Y
RMC
drintx DFP Round To FP Integer With Z |R,FRT, FRB,RMC Y N| RE|Y |Y |V XY |Y |Y
Inexact
drintxq DFP Round To FP Integer With Z |R,FRTp,FRBp,RMC Y N| RE|Y |Y |V XY |Y|Y
Inexact Quad
drintn DFP Round To FP Integer Without |Z | R,FRT, FRB,RMC Y N| RE|Y |Y |V Y# Y |Y
Inexact
drintng | DFP Round To FP Integer Without |Z |R,FRTp, FRBp,RMC Y N| RE|Y |Y |V Y# |Y |Y
Inexact Quad
dctdp DFP Convert To DFP64 X | FRT, FRB (DFP32) N Y| RE|Y |y2 - Y |Y
dctgpq DFP Convert To DFP128 X | FRTp, FRB Y N| RE|Y |Y |V Y# Y |Y
drsp DFP Round To DFP32 X | FRT (DFP32), FRB N Y| RE|Y | y2 OUX|Y |Y|Y
drdpq DFP Round To DFP64 X | FRTp, FRBp Y N| RE|Y |Y [V OUX|Y |Y|Y
dcffixq DFP Convert From Fixed Quad X | FRTp, FRB (FIX) - N| RE|Y |Y - Y |Y
dctfix DFP Convert To Fixed X | FRT (FIX), FRB Y N - IN [N |V Y |- |Y
dctfixq DFP Convert To Fixed Quad X | FRT (FIX), FRBp Y N - IN [N |V Y Y
ddedpd | DFP Decode DPD To BCD X | SP, FRT(BCD), FRB N - - IN [N - - |Y
ddedpdq | DFP Decode DPD To BCD Quad X | SP, FRTp(BCD), FRBp N - - [N |N - - Y
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Q *
-g o FPRF
= = Bl o| of|FP T
e x SNaN e Q | Exception = R
= | Full Name L | Operands Vs G I r|VZOUX| w|lE|C
denbcd | DFP Encode BCD To DPD X |S, FRT, FRB (BCD) - N| RE|Y |Y |V i Y
denbcdq | DFP Encode BCD To DPD Quad X |S, FRTp, FRBp (BCD) - N| RE|Y |Y |V Y# Y |Y
dxex DFP Extract Biased Exponent X | FRT (FIX), FRB N N - [N |N - - Y
dxexq DFP Extract Biased Exponent Quad | X | FRT (FIX), FRBp N N - [N |N - - Y
diex DFP Insert Biased Exponent X | FRT, FRA(FIX), FRB N Y| RE[N [N - Y |Y
diexq DFP Insert Biased Exponent Quad | X |FRTp, FRA(FIX), FRBp N Y| RE[N [N - Y |Y
dscli DFP Shift Coefficient Left Inmediate | Z | FRT,FRA,SH N Y| RE[N [N - - Y
dscliq DFP Shift Coefficient Left Quad Z | FRTp,FRAp,SH N Y| RE[N [N - - Y
Immediate
dscri DFP Shift Coefficient Right Immedi- |Z | FRT,FRA,SH N Y| RE[N |N - - Y
ate
dscriq DFP Shift Coefficient Right Quad Z | FRTp,FRAp,SH N Y| RE|N |N - - Y
Immediate
Explanation:
# Fl and FR are set to zeros for these instructions.
* See next table for more details.

- Not applicable.

1 A unique definition of the FPSCRgpc( field is provided for the instruction.

2 These are the only instructions that may generate an SNaN and also set the FPSCrprg field. Since the BFP FPSCRE.
pre field does not include a code for SNaN, these instructions cause the need for redefining the FPSCRgprg field for
DFP.

DCM | A 6-bitimmediate operand specifying the data-class mask.

DGM | A 6-bit immediate operand specifying the data-group mask.

G An SNaN can be generated as the target operand.
IE An ideal exponent is defined for the instruction.

FI Setting of the FPSCRE, flag.

FR Setting of the FPSCREgR, flag.

N No.

O An overflow exception may be recognized.

Rc The record bit, Rc, is provided to record FPSCRg.3 in CR field 1.

RE The CC field is reencoded using preferred DPD encodngs.The preferred DPD encoding are also used for propagated
NaNs, or converted NaNs and infinities.

RMC | A 2-bitimmediate operand specifying the rounding-mode control.

S An one-bit immediate operand specifying if the operation is signed or unsigned.

SP A two-bit immediate operand: one bit specifies if the operation is signed or unsigned and, for signed operations, another
bit specifies which preferred plus sign code is generated.

] An underflow exception may be recognized.

\% An invalid-operation exception may be recognized.

Vs An input operand of SNaN causes an invalid-operation exception.
X An inexact exception may be recognized.

Y Yes.

4 A zero-divide exception may be recognized.

Figure 37. Decimal Floating-Point Instructions
Summary
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