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Floating Point Instruction Format with Embedded Rounding Rule

RELATED APPLICATIONS

{0061 ] The present application claims priority to U.S. Provisional Application
No. 62/434,521 filed on December 13, 2016, the content of which is incorporated by

reference herein.

TECHNICAL FIELD

{6002] The present disclosure relates to a processor and, more specifically, to an
instruction sct architecture (ISA) associated with the processor, where each of the
floating point instructions of the ISA specifies the rounding rule specifically applicable

to that floating point instruction.

BACKGROUND

[0003] Processors (e.g., central processing units (CPUs)) may execute software
applicatons including system software {¢.g., the operating system) and user software
applications. The microarchitecture of a processor may be designed according to an
instruction set architecture (ISA) that specifies a set of instructions. A software program
can be compiled into a collection of these instructions that can be executed on an
execution pipeline of the processor. The instructions specified in the ISA may include
instructions processing floating point values (¢.g., as inputs or as outputs). These

instructions are referred to as floating pont instructions of the [SAL
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BRIEY DESCRIPTION OF THE DRAWINGS

{6004} The disclosure will be understood more fully from the detailed
description given below and from the accompanying drawings of various embodiments
of the disclosure. The drawings, however, should not be taken to limit the disclosure to
the specific embodiments, but are for explanation and understanding only.

{0065] FiG. 1 illustrates a system including a processor 102 according to an
cmbodiment of the present disclosure.

{0006] FIG, 2 illustrates a floating point instruction that may inchade a field to
store an identifier of a rounding rule according to an embodiment of the present
disclosure.

{00071 FIG. 3 illustrates the floating point conversion instrictions according to

an embodiment of the present disclosure.
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DETAILED DESCRIPTION

{00081 In a cormaputer, floating point values may be represented using a number
of bits that can be interpreted as a representation of a real numwber. One comumon
representation is the binary32 format as defined according to the IEEE 754 technical
standard. The 32 bits of the binary32 format may include a sign bit (5), 8 exponent bits,
and 23 fraction bits.

{6009 A 32-bit word encoded in this format can be converted into a real number
using the following pseudo code as shown in Table 1:

Table 1

S = Word[31]
Exponent = Word{30:23]
Fraction = Word[22:0]
if{ Exponent=0)
H{ Fraction =0}
Real = 0.0
clse
Real = (_Ds # 27128 % § Fraction
else if{ Exponent 1= 253)

S s AEPONEIZT) g Lo g
Real = (-1)> # 200980 % 1 Traction

[0010] in this example, the sign bit 5 s used to determnine whether the real
number is a positive (+) number or a negative {-) number, where the exponent value 255
(i.e. all 18} is used to represent +/- Infinity and other exceptional conditions. A
representation that uses a fintte number of bits can only represent a finite number of real
values; in particular, there are some real numbers that cannot be vepresented using the
representation. For example, the IEEE binary32 format can represent at most 2" peal
values. This means that certain real numbers cannot be represented.

{6011} Constder the decimal sumbers 33554432 (in hexadecimal , 0x200_0000)
and the number 1. Both of these two numbers can be exactly represented, in the
hinary32 format, as S={0, Exponent=152, Fraction=0 and 5=0, Exponent=127,

Fraction=0 vespectively. Their sum 335544323 (0x200_0001), however, cannot be
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represented in this format because the representation of the sum requires a 23-bit fraction
which exceeds the number of bits assigned to the fraction portion of the binary32 format.
[0012] When a real value cannot be exactly represented in a particular floating
point format, a rounding operation may occur. In some implementations, the rounding
operation is to choose an alternative real number that can be represented in that format
{e.g., the binary32 format). Typically, the chosen alternative real number can be either
the next largest representable real number or the next smallest representable real number.
{0313] When performing floating point operations such as addition, subtraction,
multiplication, and/or division, frequently the exact result of these operations cannot be
represented in the floating point format.  In this situation, a processor may need to
execute a rounding opcration to determine an alternative number that can be represented.
The processor may choose a particular rounding method based on the rounding rules.
Some of the rounding rules that can be used are:

¢ Round to the nearest: round to the nearest value; if the number falls midway it is
rounded to the nearest vahue with an even (zero) least significant bit.

& Round toward §: round towards zero (also known as tmincation).

e Round toward + Infinity: round towards positive infinity (also known as
rounding up or ceiling).

& Round toward - Infinity: round towards negative infinity (also known as
rounding down or floor).

{0014] The application of ditferent rounding rules can produce different
rounding results.

{00151 The rounding may also occur in a processor when a floating-point number
is converted into an integer number. In that case, the processor may convert the real
value represented by the floating-point format to the closest integer vsing a determined
rounding rule. The integer results can differ depending on the rounding rule used. For
example, consider the following examples as shown in Table 2. Using different

rounding rides may produce different resulis.
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Table 2.
Rule/vaiue +11.5 +12.5 -11.5 -i2.5
Nearest +12 +12 -12 -12
Towards 0 +11 +12 -11 -12
Towards +12 +13 -1 -12
+infinity
Towards +11 +12 -12 -13
-infinty
[001s] Rounding can also arise in the case of integer to floating point

conversion. For example, when converting a 32 bit integer represented in an integer
format to a binary32 bit format, the integer number 0x200_0001 is not exactly
representable, and is rounded, possibly to O0x200_0000 or to 0x200_0004 before
CONVersion.

{00171 In some implementations of a processor, the rounding rule is determined
in the specification of the processor architecture. In other implementations, the rounding
rules that can be used are specified in a register (referved to as a floating-point control
register) accessible by the processor through a programmming interface. In this scenario,
when a floating point operation (or a floating point/integer conversion) generates a non-
representable result, the processor examines the floating-point control register o
determine which the rounding rule to apply, and the result is rounded based on that the
determined rounding rule.

{0018] The choice of the rounding vule being used can affect the overall result of
a sequence of floating point operations. Consequently, in specialized applications,
picking different rounding rules can result in a higher or lower quality final result. In
such applications, the program may select an appropriate rounding rule {or rules).
However, commonly, a seftware application does not specify the rounding rule used in a
floating point operations. When the rule is not specified, a default rounding rule is used.
The default vounding nile is generally associated with a programuning language, and is
often the round-to-nearest rule.

{0319] The choice of rounding method when converting from a floating-point

number to an integer can be explicitly defined as rounding fanctions in a function library
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of the programming language. A programmer can then use these rounding functions
(e.g., ceiling, round, or floor) in code to explicitly apply the desired rounding rule to a
particular number.

{0020] n the case where the only way to control the floating point rounding
mode is the floating point control register, a library function that explicitly specifies the
rounding mode would increase the overbead related to managing the rounding mode. For
example, the pseudo-code sequence for the ceiling function is shown in Table 3.

Table 3

CEHLING:
read_ym  $ri // save old rounding mode
write_tm ROUND_TO_NEG_INF
convert $r0,.$f0
write_rm $rl [/ restore rounding mode

return

where it is noted that of three out of the five lines of instructions in this code sequence
are related to manipulating the rounding mode, which causes an increase of the
computation overhead.

{00211 Frequently switching the rounding mode can be computationally
cxpensive, particularly in the context of modern out-of-order superscalar processors. In
some implementations, reading and/or writing the rounding mode can consume a
multiple processor cycles. It is often a serializing operation, inhibiting parallel and out-
of-order floating point execution.

{60221 There are cases that arise where, in a sequence of code, the rounding
mode needs o be changed frequently. One example is in a C program where generally,
floating point operanons are performed with round-to-nearest, while floating-point to
integer conversions are specified using round-to-zero. This means a sequence of
operations that involves floating point operations that are then rounded to integers would
have frequent rounding mode changes. Another scenario that arises is where a user
explicitly desires to control the floating-point rounding mode being applied w a

particular region of the code. To properiy support this functionality, the floating-point
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rounding mode register needs to be reset to the default mode for the language every time
control lcaves that region of code. This turns out to be quite expensive as well.

[0023] Embodiments of the present disclosure provide for an instruction set
architecture including instructions that specify the rounding rule to be applicd to a
floating-point instruction that may require rounding. In one embodiment, the instruction
can directly specify a rounding rule as an attribute of the instruction. If a particular
rounding mode is required by a language, the rounding rule can be explicitly encoded
using an immediate value in the instruction, thus aveoiding the need to manage a floating-
point register. In another embodiument, the instruction may specify that the identificr
representing a rounding-rule for the tnstruction be read from a floating-point control
register. This supports the case where the user wishes to exert control over the rounding
rule used, and dynamically change the rounding rule in an application program.. Thus,
cmbodiments of the present disclosure provide means for a floating point instruction,
inchuding floating point conversion instructions, of an I5A to exactly specity the desired
rounding-mode, or to specify that a default rounding mode provided by a floating-point
control register be used.

{0024] FIG, 1 illustrates a systen-on-a-chip (SoC) 100 including a processor
102 according to an embodiment of the present disclosure. Processor 102 may include
logic circuitry fabricated on a semiconductor chipset such as 50C 100. Processor 100
can be a central processing umt (CPU), a graphics processing unit (GPU), or a
processing core of a multi-core processor. As shown in FIG. 1, processor 102 may
inchude an instruction execution pipeline 104 and a register file 106, Pipeline 104 may
include multiple pipeline stages, and each stage includes logic circuitry fabricated to
perform operations of a specific stage in a multi-stage process needed to fully execute an
instruction specified in an instruction set architecture (ISA) of processor 102, In one
cmbodiment, pipeline 104 may include an instruction fetch/decode stage 1140, a data
fetch stage 112, an execution stage 114, and a write back stage 116.

{0025] Processor 102 may include a register file 106 which may further include
registers 108, 109 associated with processor 102. In onc embodiment, register file 106
may include general purpose registers 108, 109 that each may include a certain number
(referred to as the “length™) of bits to store data items processed by instructions cxecuted

in pipeline 104, For example, depending on tmplementations, registers 108, 109 can be
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64-bit, 128-bit, 256-bit, or 512-bit registers. Each of the registers 108, 109 may store
one or more data items. Registers 108, 109 may be iioplemented to store floating-point
data ttems and/or fixed-point data iterns, where the floating-point data items may
represent real mumbers and the fixed-point data items may represent integers.

{0026] The source code of a program may be compiled into a series of machine-
executable instructions defined n an nstruction set architecture (ISA) associated with
processor 102, When processor 102 starts to execute the executable instructions, these
machine-executable instructions may be placed on pipeline 104 to be cxecuted
sequentially. lastruction fetch/decode stage 110 may retrieve an instruction placed on
pipeline 104 and identify an identifier associated with the instruction. The instruction
identifier may associate the received instruction with a circuit implementation of the
instruction 118 specified in the ISA of processor 102.

{00271 The instructions specificd in the ISA may be designed to process data
items stored in general purpose registers (GPRs) 108, 109, Data fetch stage 112 may
retricve data items (e.g., floating-point or fixed-point) to be processed from GPR 108.
Execution stage 114 may include logic circuitry to execute instructions specified in the
ISA of processor 102.

{0028] In one embodiment, the logic circuitry associated with execution stage
114 may include multiple “execution units” (or functional units), each being dedicated to
perform one respective instruction. The collection of all instructions performed by these
execution units may constitute the instruction set assoctated with processor 102, After
cxecution of an instruction to process data items retrieved by data fetch stage 112, write
back stage 116 may output and store the results in GPRs 108, 109,

[0029] in one embodiment, the ISA of processor 102 may define a floating point
instruction, and the execution stage 114 of processor 102 may include an execution unit
118 that inchide hardware implementation of the floating point instruction defined in the
ISA. The floating point instruction may include a tirst field 120 {or operand) o store an
identifier of first register 108, a second field 122 {or operand) to store an identifier of
sccond register 109, and a third field 124 (or operand} to store an identificr representing
a rounding rule. The instruction, when executed, may include operations to read a fivst
data itera (floating-point data ifem or fixed-point data item), calculate a result value

(floating-point data item) based on the first data item stored in the first register, and
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round the result value using a rounding rule specified in the third ficld of the instruction
to store result in the sccond register 109, In this way, embodiments of the present
disclosure may allow a program to specify a per-instruction rounding rule. The per-
instruction rounding rule implementation allows different instructions associated with
different rounding rules, rather than eraploving one rounding rule (e.g., a default
rounding rule) for all instructions executed by the processor 102.
{60361 In one embodiment, the rounding rule may be identified by an immediate
value stored in third field 124. For example, the immediate value can be an integer, and
different integer values may correspond to different rounding rules. In another
embodiment, third field 124 may store an identifier of a third register 126 of register file
106, where register 126 may store an identifier cotresponding to a specific rounding rule.
The indirect specification of the rounding rule {¢.g., via register 126) may provide
further flexibility to a programmer to program an application.
{0031] FiG. 2 illustrates a floating point instruction that may include a field to
store an identifier of a rounding rule according to an embodiment of the present
disclosure. As shown in FEG. 2, the instruction 200 may be specified in the ISA to
include an operation field 202, a target register field 204, a first input register tield 206, a
second input register field 208, an operation type field 210, and a rounding rule field
212. The operation field 202 may store an identifier for the floating point operation
(e.g., fadd). The target register field 204 may specify a floating-point vegister associated
with the processor for storing the cutput. The first input register tield 206 and the
second input register field 208 may specify the floating-point registers that store the
input values (or values to be added together). The operation type field 210 may store a
value representing the floating point type {e.g., single precision or double precision).
The rounding rule field 212 may store an identifier (FRM) that represents a type of
rounding rule.
{60321 For example, instraction fudd_s_rzero $f3,%1,$f2 in the GPTX
architecture specifies a single precision floating point add of the contents of 51 with
$12, storing the resulis back in $f3, using the rounding rule round fo zero.
{6033} The fixed roonding rules encoded in the FRM value can inchade:

# pneai: round to nearest {¢.g., associated with an identifier RNEAR),

&  prero: round to zero {e.g., associated with an identfier RZERD),
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s rdown: round down (¢.g., associated with an identificr RDOWN),

e rup: round up {e.g., associated with an identifier RUP),
{6034] The other encoding available for the FRM identificr is rdyn — which
specifies that the rounding rule specified in the floating point control register should be
used, thus indirectly specifying the rounding rules {rather than using a fixed rule).
[0035] During the conversion from an integer to a floating-point number, the
processor may store the integer in a general-purpose register and store the resultin a
floating-point register. During the copy from the general-purpose register to floating-
point register, the integer value 18 converted to the equivalent floating-point
representation, with rounding if necessary. The rounding may similarly occur when the
processor executes an instruction that copies a floating point value from the floating
point register to a gencral-purpose registers, where the floating point value is converted
to an integer value based on the rounding rule specified in the instruction.
{0036] In one implementation of an ISA, these instructions are the fover (floating
converted from integer) and revef (integer converting from floating) instructions that the
convert an integer stored in a general-purpose register to a floating-point value stored in
a floating-point register and a floating-point value in a floating-point register to an
integer stored in a general-purpose register, respectively. The FRM field of these
instructions may specify the choice of rounding rule to be applied during the conversion.
{6037] FI(. 3 illustrates the fovtr instruction 302 and the revtf instruction 304
according to an ermbodiment of the present disclosure. The specification of the fevtr
wnstruction 302 may include floating-point register field 306 to store a reference to a
tloating-point register (the floating-point register stores a floating point value) and a
general-purpose register field to store a reference to general-purpose register (the
general-purpose register stores an integer). The instruction fovir 302 converts the
floating point value (o the integer based on the rounding rule specified in the rounding
rule field 310. Similarly, the specification of the revtf instruction 304 may include
general-purpose register field 312 to store a veference to general-purpose register {that
stores an integer), and a floating-point register field 314 to store reference to a floating-
point register (that stores a floating point value). The instruction revef 304 converts the
integer to the floating point value based on the rounding rule specified in the rounding

rule field 316.

10
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{0038] In the context of instructions that may copy to/from general-purpose
registers (e.g., fevtr or revief), the rounding rules may include an additional rounding rule
referred to as the raw rule. In one embodiment, the raw rule may be specified in the
rounding rule field 310 of the fovir instruction {(or field 316 of the revitf instruction) with
an identifier RAW. Under the raw rule, the bits in the source register (general-purpose

or floating-point) are copied divectly {¢.g., bit-to-hit copy) to the target register (floating

point/general-purpose register) as is, without the conversion. The use of raw rule allows
copying of floating point values from a floating-point register {0 a same {or greater)
length gencral-purpose register and back without disturbing the value.

[0039] In the context of instruction that converts a floating-point number to an
integer, embodiments of the present disclosure may provide an additional rounding rule
relating to the handling of undefined numbers (NalNs). The undefined number may
represent an infinity value. This rounding rule may specify the NalNs to integer

conversion to be selected to be one of:

e all NaNs are converted to 0,

& +NaN/-NaN are converted to the most positive/most ncgative integral value
representable,

& All NaN are converted to most positive value representable, or

& All NaN are converted to most negative valuc representable.

[6040] in the context of the rovtf mstruction, as shown in F1G. 3, the rovtf
instruction 304 may include a NaN rule field 318 in which the NaN to integer conversion
rule (as described above) may be specified.

{00411 In one embodiment, the ceiling function as shown in Table 3 may be
implemented using the revtf instruction by the following code of Table 4.

Table 4

CEILING:
revif_rneg $r3,$t0

return

Since the instruction explicitly encodes the rounding rule there is no need to manipulate
a floating point control register, thus reducing the overhead associated with switching

the rounding modes.

11
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{60421 While the disclosure has been described with respect to a limited number
of embodiments, those skilled in the art will appreciate numerous modifications and
variations there from. It is intended that the appended clatms cover all such
modifications and variations as fall within the troe spinit and scope of this disclosure.
{00431 A design may go through various stages, from creation to simulation to
fabrication. Data representing a design may represent the design in a number of
manners. First, as is useful in sirnulations, the hardware may be represented using a
hardware description language or another functional description language. Additionally,
a circuit level model with logic and/or transistor gates may be produced at some stages
of the design process. Furthermore, most designs, at some stage, reach a level of data
representing the physical placement of various devices in the hardware model. In the
case where conventional semiconductor fabrication techniques are used, the data
representing the hardware model may be the data specifying the presence or absence of
various features on different mask layers for masks used to produce the integrated
circuit. In any representation of the design, the data may be stored in any form of a
machine readable medium. A memory or a magnetic or optical storage such as a dise
may be the machine readable mediam to store information transmitted via optical or
electrical wave modulated or otherwise gencrated to transmit such information. When
an clectrical carrier wave indicating or carrying the code or design is transmitted, to the
cxtent that copying, buffering, or re-transmission of the electrical signal is performed, a
new copy is made. Thus, a communication provider or a network provider may store on
a tangible, machine-readable medium, at least terporarily, an article, such as
information encoded into a carrier wave, embodying techniques of embodiments of the
present disclosure.

{6044 A module as used hercin refers to any combination of hardware, software,
and/or firmware. As an example, a module includes hardware, such as a micro-
controller, associated with a non-transitory medium to store code adapted o be executed
by the micro-controller. Thercfore, reference to a module, in one embodiment, refers to
the hardware, which is specifically configured to recognize and/or execute the code to be
held on a non-transttory mediom. Furthermore, in another embodiment, use of a module
refers to the non-transitory medium inciuding the code, which is specifically adapted to

be executed by the microcontroller to perform predetermined operations. And as can be

12
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inferred, in yet another embodiment, the term module (in this example) may refer to the
combination of the microcontroller and the non-transitory medivm. Often module
boundarics that are illustrated as separate comumonly vary and potentially overlap. For
example, a first and a second module may share hardware, software, firmware, or a
combination thereof, while potentially retaining some independent bardware, software,
or firmware. In one emnbodiment, use of the term logic inchides hardware, such as
transistors, registers, or other bardware, such as programmable logic devices.

{0045] Use of the phrase ‘configured to,” in one embodiment, refers to arranging,
putting together, manufacturing, offering to sell, importing and/or designing an
apparatus, hardware, logic, or element to perform a designated or determined task. In
this exaraple, an apparatus or clement thercof that is not operating is still ‘configured w’
perform a designated task if it is designed, coupled, and/or interconnected to perform
said designated task. As a purely illustrative example, a logic gate may provide a0 or a
1 during operation. But a logic gate ‘configured to’ provide an enable signal to a clock
does not include every potential fogic gate that may provide a 1 or . Instead, the logic
gate 1s one coupled in some manner that during operation the 1 or § output is to enable
the clock. Note once again that use of the term ‘configured o does not require
opcration, but instead focus on the latent state of an apparatus, hardware, and/or element,
where in the latent state the apparatus, hardware, and/or element is designed to perform a
particolar task when the apparatus, hardware, and/or element is operating.

{0046] Furthermore, use of the phrases ‘to,” ‘capable of/to,” and or ‘operable to,’
in one embodiment, refers fo some apparatus, fogic, hardware, and/or element designed
in such a way to enable use of the apparatus, logic, hardware, and/or element in a
specified manner. Note as above that use of to, capable to, or operable to, in one
embodiment, refers {o the latent state of an apparatus, logic, hardware, and/or element,
where the apparatus, logic, hardware, and/or element is not operating but is designed in
such a manner to enable use of an apparatus i1 a specified manner.

{0047] A value, as used herein, includes any known representation of a mumber,
a state, a logical state, or a binary logical state. Often, the use of logic levels, logic
values, or logical values 13 also referred to as 1's and (s, which simply represents binary
logic states. For example, a 1 refers to a high logic level and 0 refers to a low logic

level. In one embodiment, a storage cell, such as a transistor or flash cell, may be

13
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capable of holding a single logical value or multiple logical values. However, other
representations of values in computer systems have been used. For example the decimal
number ten may also be represented as a binary value of 910 and a hexadecimal letter AL
Therefore, a value includes any representation of information capable of heing held in a
computer system.

{00481 Moreover, states may he represented by values or portions of values. As
an example, a first value, such as a logical one, may represent a default or puitial state,
while a second value, such as a logical zero, may represent a non-default state. In
addition, the terms reset and set, in one embodiment, refer to a default and an updated
value or state, respectively. For example, a default value potentially includes a high
logical value, i.c. reset, while an updated value potentially includes a low logical value,
i.c. set. Note that any combination of values may be utilized to represent any number of
states.

{0049] The embodiments of methods, hardware, software, firmware or code set
forth above may be implemented via instructions or code stored on a machine-
accessible, machine readable, computer accessible, or computer readable mediurm which
are executable by a processing element. A non-transitory machine-accessible/readable
medium includes any mechanism that provides (i.e., stores and/or transmits) information
in a form readable by a machine, such as a computer or electronic system. For example,
a non-transttory machine-accessible mediom includes random-access memory {(RAM),
such as static RAM (SRAM) or dynamic RAM (DRAM); ROM; magnetic or optical
storage medium; flash memory devices; electrical storage devices; optical storage
devices; acoustical stovage devices; other form of storage devices for holding
information received from transitory (propagated) signals {e.g., carrier waves, infrared
signals, digital signals); ctc., which are to be distinguished from the non-transitory
mediums that may receive information there from.

[003¢] Instructions used to program logic to perform embodiments of the
disciosure may be stored within a memory in the system, such as DRAM, cache, flash
memory, or other storage. Furthermeore, the instructions can be distributed via a network
or by way of other computer readable media. Thus a machine-readable medium may
inchude any mechanism for storing o transmitting information in a form readable by a

machine {(e.g., a computer), but is not limited to, floppy diskettes, optical disks, Compact
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Disc, Read-Only Memory (CD-ROMs), and magneto-optical disks, Read-Only Memory
(ROMzs), Random Access Memory (RAM), Erasable Programmable Read-Only Memory
{(EPROM), Electrically Erasable Programamable Read-Only Memory (EEPROM),
magnetic or optical cards, flash memory, or a tangible, machine-readable storage used in
the transmission of information over the Internet via clectrical, optical, acoustical or
other forms of propagated signals (e.g., carrier waves, infrared signals, digital signals,
¢te.). Accordingly, the computer-readable medim inclades any type of tangibie
machine-readable medium suitable for storing or transmitting clectronic nstructions or
information in a form readable by a machine (e.g., a computer),

[0051] Reference throughout this specification to “one embodiment” or “an
embodiment” means that a particular feature, structure, or characteristic described in
connection with the embodiment is included in at least one embodiment of the present
disclosure. Thus, the appearances of the phrases “in one embodiment” or “in an
cembodiment” in various places throughout this specification are not necessarily all
referring to the same embodiment. Furthermore, the particular features, structures, or
characteristics may be combined in any suitable manner in one or more embodiments.
{0052] in the foregoing specification, a detailed description has been given with
reference to specific exemplary embodiments. kt will, however, be evident that various
modifications and changes may be made thereto without departing from the broader
spirit and scope of the disclosure as set forth 11 the appended claims. The specification
and drawings are, accordingly, to be regarded in an illustrative sense rather than a
restrictive sense. Furthermore, the foregoing use of embodiment and other exemplarily
language does not necessarly refer to the same embodiment or the same example, but
may refer to different and distinet ernbodiments, as well as potentially the same

embodiment.
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CLAIMS
What is claimed 1s:

1. A processor comprising:
a first storage 1o store a first data itemy;
a second storage; and
an execution unit comprising a logic circuit encoding an instruction, the
instruaction comprising:
a first field to store an identifier of the first storage;
a sccond ficld to store an identifier of the second storage; and
a third field to store an identifier vepresenting a rounding rule,
wherein the execution unit is to execute the instruction to:
generate a second data item based on the first data item;
round the second data item according to the rounding rule specified by
the instruction; and

store the rounded second data item in the second storage.

2. The processor of claim 1, wherein the instruction is specified in an instruction set

architecture (ESA) associated with the processor.

3. The processor of claim 1, wherein the first storage is one of a first register or a
first memory location, and whercin the second storage is one of a second register or a

second memory location.

4. The processor of claim 1, wherein the fivst storage is one of different than the

sccond storage or same as the first storage.

5. The processor of claim 1, wherein the first data item stored in the first storage
and the second data item stored in the second storage are represented in a floating-point

format.
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6. The processor of claim 1, wherein the first data iterm stored in the first storage is
represented in a floating-point format, and the second data item stored in the second

storage is represented in a fixed-point format.

7. The processor of claim 1, wherein the rounding rule is one of round-to-the-
nearest rule, round-toward-zero rule, round-toward-positive-infinity, or round-toward-

negative-intinity.

8. The processor of claim 1, wherein the instruction comprises one of an addition, a

subtraction, a multiplication, or a division operation.

9, The processor of claim 1, wherein a value of the first data item stored in the first
storage is represented by a plurality of bits comprising a sign bit, a first subset of bits

represent an exponent, a second subset of bits represent a fractioun.

10. The processor of claim 1, wherein the fivst register and the second register are

floating-point registers that have a same length.

11 The processor of claim 1, wherein the first register and the second register are
tloating-point registers, and where the first register comprises more bits than the second

register.

12. The processor of claim 1, wherein the first storage is a floating-point register for
storing a floating-point value and the second storage is a general purpose register for
storing an integer, and wherein the instruction comprises a real to integer conversion

operation using the rounding rule specified in the instruction.

13. The processor of claim 1, wherein the first storage is a general purpose register
for storing an integer and the second storage is a floating-point register for storing a real
value, and wherein the instruction compriscs an integer to real conversion operation

using the rounding rule specified in the instuction.

14. The processor of claim 1, wherein the rounding role is at least one of converting

an undefined number o zero, converting an undefined number to a largest number
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representable using a plurality of bits, or converting an undefined number to a smallest

number representable using a plurality of bits.

15. The processor of claim 1, wherein the third field is to store one of an immediate
value encoding the rounding rule or an identifier representing a third storage, and

wherein the third storage comprises a flag value indicating the rounding rule.

16. The processor of claim 1, wherein when executed, the processor employs the
logic circuit to complete the instruction using a pre-determined number of processor

clock cycles.

17. A system comprising:
a memory; and
a processor, comminicatively coupled to the memory, the processor comprising:
a first storage 1o store a first data item;
a second storage; and
an execution wiit comprising a logic circuit encoding an instruction, the
instruction comprising:
a first field to store an identifier of the first storage:
a sccond field to store an identifier of the second storage; and
a third field to store an identifier representing a rounding rule,
wherein the execution unit is to execute the instruction to:
generate a second data item based on the first data item;
round the second data item according to the rounding rule specified by
the instruction; and

store the rounded second data item in the second storage.

18, The system of claim 17, wherein the first storage is one of a first register or a

first memory location, and wherein the second storage is one of a second register or a

second memory location.

19. The system of claima of claim 17, wherein the first storage 18 one of different than

the second storage or same as the first storage.

18
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20. The system of claim 17, wherein the first data item stored in the first storage and
the second data item stored in the second storage are represented in a floating-point

format.

19
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