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IMPLICIT DATA TYPE BITS FOR SIMD OPERATIONS Related Patent Application This
patent application is related to U.S. Patent Application Serial No.
09/169,865, entitled "Scalar Hardware for Performing SIMD Operations",
filed on October 12, l998) and assigned to the same assignee. Background of
the Invention Technical Field The present invention relates to systems for
processing data and) in particular, to systems for processing data through
single-instruction multiple data (SIMD) operations. Background Art
Processor designers are always looking for ways to enhance the performance
of microprocessors. Processing multiple operands in parallel provides one
avenue for gaining additional performance from today's highly optimized
processors. In certain common mathematical calculations and graphics
operations, the same operations) is performed repeatedly on each of a large
number of operands. For example) in matrix multiplication, the row elements
of a first matrix are multiplied by corresponding column elements of a
second matrix and the resulting products are summed (multiply-accumulate).
By providing appropriate scheduling and execution resources)
multiply-accumulate operations may be implemented concurrently on multiple
sets of row-column operands. This approach is known as vector processing or
single instruction) multiple data stream (SIMD) processing to distinguish
it from scalar or single instruction, single data stream (SISD) processing.
,     2 5 APR 2003 WO 00/41069 PCT/US99/29179 In order to implement SIMD
operations efficiently, data is typically provided to the execution
resources in a "packed" data format. For example, a 64-bit processor may
operate on a packed data block, which includes two 32-bit operands. In this
example, a vector multiply-accumulate instruction) V-FMA (f, , f2 , f3),
multiplies each of a pair of 32-bit operands stored in register f1 with a
corresponding pair of 32-bit entries stored in register f2 and adds the
resulting products to a pair of running sums stored in register f3. In
other words, data is stored in the registers f1, , f2 , and f3 in a packed
format that provides two operands. from each register entry. If the
processor has sufficient resources, it may process two or more packed data
blocks, e.g. four or more 32-bit operands) concurrently. The 32 bit
operands are routed to different execution units for processing in parallel
and subsequently repacked, if necessary. Even in graphics-intensive and
scientific programming, not all operations are SIMD operations. Much of the
software executed by general-purpose processors comprises instructions that
perform scalar operations. That is) each source register specified by an
instruction stores one operand, and each target register specified by the
instruction receives one operand. 1n the above example, a scalar
floating-point multiply accumulate instruction, S-FMA (f,) f2 f3) may
multiply a single 64-bit operand stored in 



register f1 with corresponding 64-bit operand stored in register f2 and add
the product to a running sum stored in register f3. Each operand processed
by the S-FMA instruction is provided to the FMAC unit in an unpacked
format. The register file that provides source operands to and receive
results from the execution units consume significant amounts of a
processor's die area. Available die area is a scarce resource on most
processor chips. For this reason, processors typically include one register
file for each major data type. For example, a processor typically has -2
2 5 APR ?003 WO Oolaio69 PCfltiS99/29179 one floating-point register file
that stores both packed and unpacked floating-point operands. Consequently)
packed and unpacked operands are designed to fit in the same sized register
entries, despite the fact that a packed operand includes two or more
component operands. Providing execution resources for packed and unpacked
operands creates performance/cost challenges. One way to provide high
performance scalar and vector processing is to include separate scalar and
vector execution units. An advantage of this approach is that the vector
and scalar execution units can each be optimized to process data in its
corresponding format) i.e. packed and unpacked) respectively. The problem
with this approach is that the additional execution units consume silicon
die area, which is a relatively precious commodity. In addition to
providing appropriate execution resources, high performance processors must
include mechanisms for transferring both packed and unpacked operand data
efficiently. These mechanisms include those that transfer operand data to
the register file from the processor's memory hierarchy, e.g. caches, and
those that transfer operand data from the register file to the execution
resources. The present invention addresses these and other problems with
currently available SIMD systems. Summary of the Invention A system is
provided that supports efficient processing of a floating point operand by
setting an implicit bit for the operand "on-the-fly", i.e. as the operand
is loaded into a register file entry. -3   2 5 APR 2003 WO 001A 069
PCT/U599/29179 In accordance with the present invention, a floating-point
operand is retrieved for loading into a register file entry. Selected bits
of the floating-point operand are tested) and an implicit bit associated
with the register file entry is set when the selected bits are in a first
state. For one embodiment of the invention) the floating-point operand is a
packed operand that includes two or more component operands, and the
register file entry includes an implicit bit for each component operand.
The implicit bit for a component 



operand is set when the selected bits indicate that the component operand
is normalized. The present invention thus allows the normal/denormal status
of an operand to be determined when the operand is loaded into the register
file and tracked through an implicit bit associated with the corresponding
register file entry. This eliminates the need for status-determining logic
in the operand delivery module, which transfers the operand from the
register file to the execution unit. Since the operand delivery module is
on a critical (bypass) path for the execution unit, processor performance
may be significantly improved. Brief Description of the Drawings The
present invention may be understood with reference to the following
drawings in which like elements are indicated by like numbers. These
drawings are provided to illustrate selected embodiments of the present
invention and are not intended to limit the scope of the invention. Fig. 1
is a block diagram of a floating-point execution system in accordance with
the present invention.    2 5 APR 2003 WO OOl.it069 PCT/US99/29179 Figs. 3A
and 2B represent the bit fields for unpacked and packed operands,
respectively, in an entry of the register file shown in Fig. 1. Fig. 3 is a
block diagram representing the operation of operand delivery module on a
packed operand. Fig. 4 is a circuit diagram of one embodiment of the
operand delivery system shown in Fig. 1. Fig. 5 is a circuit diagram of one
embodiment of the output conversion module shown in Fig. 1. Detailed
Discussion of the Invention The following discussion sets forth numerous
specific details to provide a thorough understanding of the invention.
However, those of ordinary skill in the art) having the benefit of this
disclosure) will appreciate that the invention may be practiced without
these specific details. In addition, various well-known methods)
procedures, components) and circuits have not been described in detail in
order to focus attention on the features of the present invention.
Processor architectures typically specify a format for storing data in
on-chip resources, such as register files. This register file format is
selected to accommodate the various data types handled by the processor's
execution resources) as well as any ancillary information used to process
the data. The data types to be accommodated may be, for example, those
specified by IEEE 754-1985, the IEEE standard for binary floating-point
arithmetic. A register file format supports efficient processing by storing
-S   2 5 APR 2003 WO 00/41069 PCT/US99I29179 



operand data in a format that is readily accessed and processed by the
execution resources, For scalar processing, each operand is stored as an
unpacked operand in the register file format. Here, "unpacked" refers to a
data format that allows no more than one operand to be represented by data
in a register file entry. For example, a processor may accommodate one
single precision unpacked operand) one double precision unpacked operand,
or one double extended precision unpacked operand per register file entry
in the processor.'s register file format. For vector processing, multiple
component operands are provided in a packed operand that fits in a single
register file entry. Accommodating packed and unpacked operands in one size
register entry means that the operands are mapped to the register entry
differently. The different mappings may be reflected in the resources that
transfer operands from) e.g., a cache to the register file and those that
transfer operands from the register file to the execution resources. The
different operand formats for vector and scalar operations may also be
reflected in the execution resources themselves. For example, a packed
operand having two 32-bit component operands may be processed using two
32-bit execution units. An unpacked operand in the same system may be
processed as a single 64-bit operand by a 64-bit execution unit. In this
example) three different execution units, two 32-bit vector execution units
and one 64-bit scalar execution unit) are provided for each execution
pipeline) but only two operands are ever processed in parallel by the
pipeline. The additional execution unit consumes precious silicon die area
and power. An alternative to providing two vector execution units is to
modify the scalar execution unit to process both scalar and vector
operands. This approach eliminates the    2 5 APR 2003 WO 00/410G9
PCT/US99l29179 need for one of the vector execution units. However,
modifying the scalar unit in this way can degrade its performance on
unpacked operands. The present invention provides a system that processes
data provided in packed and unpacked formats efficiently, without
significantly increasing the silicon die area of the processor or degrading
the processor's performance on unpacked data. A load conversion module
determines implicit bits for the component operands of a packed operand
on-the-fly") e.g. as the packed operand is loaded into an entry of the
register file from a memory location, such as a cache. The implicit bits
are associated with the register file entry) and they indicate the
corresponding component operands are normal) denormal, or zero (normalized
status). Implicit bits may also be determined for unpacked operands)
although they are not used for subsequent processing of these operands.
When an instruction refers to the register file entry, an operand delivery
mechanism converts a component operand from a packed operand into a format
suitable for processing by a scalar execution unit. The operand delivery
system may implement operand conversion by bit-steering to avoid loading
the system with additional logic gates. This significantly reduces the
impact of operand conversion on the system's 



performance) while preserving the scalar execution unit's performance on
unpacked data. For one embodiment of the present invention, the scalar
execution unit operates in conjunction with a vector execution unit to
process packed operands. The converted operand and an unconverted component
operand are provided to the scalar and vector execution units,
respectively, for processing. For one embodiment of the invention) the
operand delivery mechanism includes bit-steering traces and inverters that
convert one of    2 5 APR 2003 WO 00/a1069 PCT/US99l29179 the component
operands into a scalar format without significantly loading the execution
resources. This in turn preserves processor performance on scalar
operations. The scalar execution unit may be a floating-point
multiply-accumulate module (FMAC) optimized to process an unpacked operand
in a register file format (RFF). The vector execution unit may be an FMAC
unit that is optimized to process a component operand provided by a packed
operand in a packed data format (PDF). The operand delivery module may
include a MUX having an additional leg to deliver bit resteered traces to
the scalar execution unit, and an inverter to modify selected bits of the
component operand for processing as an unpacked operand. Fig. 1 is a block
diagram of a floating-point system 100 that is suitable for implementing
the present invention. System 100 includes a floating-point register file
110, an operand delivery module 120, a primary FMAC 130) a secondary FMAC
140, an output conversion module 150, and a load conversion module 160.
Also shown is a cache 170 to provide operand data to register file 110
through load conversion module 160. Cache 170 represents a structure in a
hierarchical memory system that stores data for processing by floating
point system I00 and other processor resources (not shown). Data is
typically stored in the memory system in the data formats prescribed by the
IEEE floating point standard discussed above. For the disclosed embodiment
of system 100, primary FMAC 130 processes unpacked operands in a register
file ("unpacked") format. Secondary FMAC 140 processes component operands
of a packed operand. Operand delivery module 120 couples data from register
file 110 to FMACs 130 and 140 in the appropriate formats. _g_   2 5 APR
2003 WO 00141069 PCTIUS99I29179 In the disclosed embodiment of system l00,
register file 110 includes multiple register entries 112. For one
embodiment, each entry 112 has an associated implicit bit 1 14 which may be
set to indicate whether data stored in associated register entry 112 is
normalized. Implicit bits are defined) for example) in the IEEE std. 754.
An implicit bit may be combined with a component operand from a packed
operand to characterize the operand for processing. For example) an
implicit bit may be set to indicate that data is in 



normal farm. For scalar operations, operand delivery module 120 provides an
unpacked floating-point operand from register file 110 to primary FMAC 130.
The unpacked operand is stored in register file 110 in a register file
format. For vector operations, operand delivery module 120 retrieves a
packed operand from register file 110, converts one component operand to an
unpacked operand, and provides it to primary FMAC 130. The second component
operand is provided to secondary FMAC l40. Primary FMAC l30 is thus shared
between vector and scalar operations, while secondary FMAC 140 provides the
additional execution resource for vector operations. Results generated by
FMACs 130 and 140 are coupled to output conversion module 150 for
recombination into a packed data format. For one embodiment of the
invention) a bypass 160 couples output data from primary FMAC 130 to
operand delivery module 120 prior to repacking. The bypassed data may
undergo additional processing by primary FMAC 130 without first being
repacked by conversion module 150 and subsequently unpacked by operand
delivery module 120. This bypass loop eliminates the input conversion
(packed to unpacked data) from the bypass path. System 100 is shown having
a single floating point pipeline) but the present invention is not limited
to single pipeline systems. It may be replicated in one or more _g_   2 5
APR 2003 V4'O 00I41069 PCT/US99/29179 additional pipelines to provide
superscalar floating-point SIMD operations. That is, two or more vector
instructions may be processed in parallel. More generally) persons skilled
in the art will recognize that the present invention may be implemented in
floating point systems configured differently than system 100. Fig. 2A
shows one embodiment of an unpacked operand 200 in a register file format
("RFF operand) that is suitable for use with the present invention. RFF
operand 200 includes a significand field 2I0) an exponent field 220, and a
sign field 230. For one embodiment of the indention, significand field 210
is 64-bits, exponent field 220 is 17 bits, and sign field 230 is one bit.
Fig. 2B shows one embodiment of a packed operand 250 in a packed data
format ("PDF operand") that is suitable for use with the present invention.
The disclosed embodiment of PDF operand 250 includes first and second
component operands 260(a) and 260(b), respectively. In the following
discussion, the index is dropped unless required to distinguish a
particular component operand 260. A block of unused bits 270 is also shown
in PDF operand 250. Unused bits 270 are added to component operands 260 to
fill the register file entry. Each component operand 260 includes a
mantissa field 262, an exponent field 264, and a sign field 266. For one
embodiment) mantissa field 262 is 23 bits wide, exponent field 264 is 8
bits wide, and sign field 266 is 1 bit wide. In the disclosed embodiment,
each component operand is in a single precision floating point format as
specified) for example, in IEEE standard 754-1985. Also shown in Figs. 2A
and 2B are implicit bits) 114, which are associated with each register file
entry 112 (Fig. 1). Implicit bits) 114 may be used to indicate whether a
component operand is zero or denormal. For one embodiment of FP register
file 110) implicit bits may be determined as data is written to register
entry 112 of register file -10 



2 5 APR 2003 CVO 00/41069 PCT/US99/29179 110, i.e. "on-the-fly". This
eliminates the need for additional logic in operand delivery module 120 to
determine the normal/denormal status of an operand, which would only slow
processing of vector operands. For example, evaluating the normal/denormal
status of a component operand on delivery to FMAC 140 would require an OR
gate in a critical path of operand delivery system I20. For register file
entries 1 12 storing unpacked and packed operands as in Figs. 2A and 2B;
respectively) implicit bits 114, e.g. bits 82 and 83 are set as follows
when the data is written to register file 110: IF (data [62:55) _ `0 : :
8), THEN data(83) _ `0) ELSE ' 1 1F (data (30:23J = '0 : : 8)) THEN
data[82) _ `0, ELSE `1. Here) `I and '0 indicate binary one and binary
zero) respectively. For one embodiment of system 100 (Fig. 1 ) load
conversion module 160 may implement the above operations using a pair of
8-input OR gates. For example) one embodiment of load conversion module 160
includes traces that transfer exponent) significand, and sign bits from an
entry of cache 170 to their corresponding bit fields in a target entry 112
(Fig. 2) of register file 110. The inputs of each OR gate is coupled to one
the exponent bit traces of one of the component operands, and the output of
the OR gate is coupled to the implicit associated with the component
operand. For this embodiment, the implicit bit is set to one if any of the
exponent bits of the component operand is non-zero. Implicit bits are
available to operand delivery module 120 to provide component operands 260
in a format suitable for processing. For example) component operand 260 has
a mantissa field 262 that accommodates 23 bits. A 24 bit significand may be
formed   2 5 APR 2003 WO 00/41069 PCT/US99/29179 by appending the
associated implicit bit to the 23 bit mantissa as the most significant bit.
In the disclosed embodiment, this conversion is not required for RFF data
200. However, the logic is simplified by determining implicit bits 114 for
each operand written to register file 110, and ignoring them when a RFF
data 200 is being processed. For one embodiment of the invention, one of
component operands 260 is converted to an RFF operand for processing by
primary FMAC 130) and the other component operand is provided to secondary
FMAC l40 for processing. Fig. 3 is a schematic representation of the
operations implemented by operand delivery module 120 to provide properly
formatted data to FMACs 130 and 140. In the disclosed embodiment) an
implicit bit 114 is combined with data from component operand 260(a), which
is converted to an RFF operand for processing by primary FMAC 130. One
feature of the present invention is that this conversion process may be
implemented without loading primary FMAC 130 and) consequently, degrading
its performance on scalar operations. Component operand 260(b) is provided
to secondary 



FMAC 140 for processing, which may be optimized to process operands in shat
component format. While FMAC 130 is shown processing the upper component
operand (260(a)) of the packed operand, this is not necessary. More
generally, any of the component operands of the packed operand may be
selected for routing to FMAC 130. For one embodiment of the invention,
operand delivery module 120 accomplishes data conversion by bit steering
packed operand 250 into an unpacked operand 200. For example) data from
mantissa field 262(a) and implicit bit 1 14 (I1 ) may be convened to RFF
signiftcand data (significand field 210). Similarly, data from exponent
field 264(a) may be converted to RFF exponent data (exponent field 220).
Data from sign field 266 (a) may be mapped to an RFF sign bit (sign field
240). The various conversion steps are -12   2 5 APR 2003 WO 00/41069
PCT/US99I29179 considered in greater detail below. using the exemplary data
formats provided in conjunction with Figs. 2A and 2B. Si~nificand
Conversion The exemplary embodiment of component operand 260(a) includes a
23 bit mantissa field 262(a). For one embodiment of the invention) data
from mantissa field 262(a) is convened to an RFF significand by: (1)
prepending an associated implicit bit I 14 to the MSB position of a 23 bit
mantissa from component manttssa'fteld 262; and (2) appendinb binary zeroes
to the least significant bit of the mantissa to form a 64-bit RFF
significand. Bit-steering for the mantissa is summarized in Table 1, which
indicates the bits) input to primary ( 1) FMAC 130 from register entry 112)
the function of the bit(s), the source of the bits) for scalar
instructions, and the source of the bits) for vector instructions. Table 1
BITS AT 1" FMAC INPUTBIT FUNCTIONSOURCE BITS FOR SCALAR INST.SOURCE BITS
FOR VECTOR INST.[63JIm licit bit[63J[83J[62:40JU cr sienificand
bits[62:40J[5a:32][39:0JLower si~nificand bits[39:0J'0 :: 40(81 ~Sien
bit[81 J[63J As noted above) while these operands share the same footprint
in register file 1 10, i.e. register entry 112, their operands are mapped
to different bits of register entry 112. In the disclosed embodiments of
RFF operand 200 and PDF operand 250, the implicit bit is specified by bit
63 and bit fi3) respectively. In order to accommodate both data formats,
operand delivery module 110 may employ a 2:1 multiplexer (MUX) to select
the appropriate source bit for input to FMAC 130. Introducing an additional
2:1 MLJX into the logic chain between register file 110 and FMAC 130 loads
operand -13   2 5 APR 2003 WO 00/410G9 PCT~US99n_9179 delivery module 120
and slows the delivery of data to FMAC 130. The loading reduces 



performance for both scalar and vector operations. For one embodiment of
the invention, bit steering is accomplished by providing an additional leg
to an existing 3:1 MUX (Fig. 4) in operand delivery module 110 for
bypassing data {late bypass 4:1 MUX). This eliminates the need to add an
additional MUX to the data path between register file 110 and FMAC 130.
Exponent Conversion For the disclosed embodiment) RFF and PDF exponents are
expressed relative to different biases. The difference between the biases
may be taken into account when converting the PDF exponent (field 264) to
an RFF exponent (field 220). For one embodiment, the RFF bias value is
FFFFh and the PDF bias value is 7Fh) i.e. the exponent bias for single
precision real numbers in the IEEE standard. The difference between these
values is FF80h. One approach to exponent conversion adds FF80h to an 8-bit
exponent value in PDF exponent field 264 to obtain the RFF exponent. A
problem with this approach is that it employs an adder in the data path
between register file I 10 and primary FMAC 130. The additional gate delay
in operand delivery module 120 degrades the performance of system 100 for
both vector and scalar operations. An alternative approach to adjusting
exponent biases eliminates the need for an adder. Table 2 summarizes the
bias adjustment process performed to convert a PDF exponent to an RFF
exponent for the case where the bias difference is FF80h. Here) EO through
E7 are the 8 bits in PDF exponent field 264(a) and 0 1 1 1 1 1 1 1 1 1 0 0
0 0 0 0 0 is FF80h expressed in binary. As indicated in Table 2, exponent
conversion can be achieved by inverting the 8`h exponent bit (E7 -~ E7 ) in
PDF exponent field 264(a)) replicating it in the next 9 bit positions of
the RFF exponent (field 220)) and copying the -14   2 5 APR 2003 WO
OOI.ilOG9 PCT/US99/29179 uninverted S`h bit (E7) to the most significant
bit position of the RFF exponent. These operations may be accomplished with
an inverter and appropriately routed traces. No adder is needed) and the
performance impact of the inverter on operand delivery module 120 and
primary FMAC 130 is not significant. Table 2 Bit PpSitiont6ISla13!2I
t1098765a32I0ST1'VID EXp.
.E7EGESEAE3E'!EIEOConstantIIItIIIIIo000000ResultE~E jE~JE JL'7E
jE`JE7E6ESGlE3E?EIEO The approach summarized in Table 2 does not work for
single precision denormal numbers. Denormal numbers may be identified by
the value of the associated implicit bit 114, and conversion may be
implemented using a software handler. The exponent bit steering discussed
above is summarized in Table 3. Table 3 EXPONENT BITSBIT FUNCTIONSOURCE
BITS FORSOURCE BITSAT 1 FMAC INPUTSCALAR INST.FOR VECTORINST.[6:0)Lowcr cx
bits[70:64][61:55)[15:7)Middlc cx tilts[79:71)(62# :: 9116jU er cx
bits[80j[621 Here) "#" indicates that the bit is inverted. The exponent
bits are numbered for primary FMAC 130 beginning with the first bit of the
exponent field. Fig. 4 represents one embodiment of operand delivery module
120 that is suitable for use in a processor having first arid second
floating-point pipelines, pipe0 and pipel) -1 S  



2 5 APR 2003 WO 00/4I069 PCTIUS99I29179 respectively. The present invention
is not limited to the particular number of pipelines employed in the
processor. The disclosed embodiment of operand delivery module 120 includes
a 4:1 early bypass MUX (EBPM) 410, a 6:1 middle bypass MUX (MBPM) 420, and
a 4:1 late bypass MUX (LBPM) 430. For the exemplary data formats described
above, operand delivery module 120 converts a 32-bit component operand
260(a) from a packed or PDF operand 250 into an 82 bit unpacked or RFF
operand 200. EBPM 410 receives cached data for pipe0 and pipe 1 at inputs A
and B. Write back data from the ba~ckend of pipe0 and pipe 1 may be coupled
into operand deliver module 120 through inputs C and D. A control input of
EBPM 410 selects data from one of inputs A) B, C) or D to be provided to MB
PM 420. MBPM 420 receives data from EBPM 410 at input E. Bypass data from
one stage of pipe0 and pipe 1 is received at inputs F and G, respectively.
Data from a load convener (not shown) for pipe0 and pipe l is received at
inputs H and I, respectively) and data from register file 110 is received
at input J. A control input of MBPM 420 selects data from one of inputs E,
F, G, H) I, or J to be provided to LBPM 430. LBPM 430 receives bypass data
from another stage of pipe0 and pipe 1 at inputs M and N, respectively.
Input K of LBPM 430 receives data from MBPM 420 through bit steering block
440) which implements the conversions described above for vector
operations. In the above-example, bit-steering block 440 includes an
inverter and bit steering traces to reformat data from upper component
operand 269(a) to RFF data. For example) bit-steering block includes logic
and traces to convert a 23-bit PDF mantissa to a 64-bit RFF significand and
to convert an 8-bit PDF exponent to a 17-bit RFF exponent with a readjusted
bias. For scalar operations, input L of LBPM 430 receives data from MBPM
420 without intervening bit-steering or inversion. Data from one of inputs
K or -16   2 5 ~R 2003 WO a0/41069 PCT/US99I29179 L is provided to primary
FMAC 130 according to whether packed or unpacked data) respectively, is
being processed. In the embodiment of Fig. 4, converted (bit-steered) and
unconverted data is provided to primary FMAC 130 by selecting the
appropriate input K or L, respectively. This allows data from register file
110 or any of the relatively early bypass stages to be converted at LBPM
430. In the disclosed embodiment, late bypass data at inputs M and N may be
converted by replicating each input with a corresponding bit-steering block
4-40. However, if bypassed data at inputs M and N is not packed prior to
the late bypass) there is no need to unpack it. Use of additional legs and
bit steering blocks 440 on LBPM 430 may be avoided. For one embodiment of
operand delivery module 120, late bypass data may be provided to LBPM 430
via bypass 160 (Fig. I ). Bypass 160 captures the outputs of 



primary and secondary FMACs 130 and l40, respectively, before they are
repacked into, e.g.) PDF format 250. In this embodiment, no additional
expansion of LBPM 430 or its inputs is required for bypassed data. Fig. 5
shows one embodiment of output conversion module 150. The disclosed
embodiment of output conversion module includes a primary output MUX 510
and bit steering block 520. Primary output MUX 510 includes inputs to
receive results from primary FMAC l30 and various FPU resources (FMISC)
154) as well as special result encodings. For the exemplary data formats)
FMAC 130 provides a result as an unpacked (RFF) operand 200 (82-bit) for
both scalar and vector operations. In the latter case, bit steering block
S20 combines the unpacked operand from primary FMAC 130 with a component
operand from secondary FMAC 140 to form a packed operand. -17_   2 5 APR
2003 WO 00I41059 PCT/US99/?9179 The special encodings provided to primary
output MUX S 10 indicate special results, such as zero) infinity, or a
maximum real (largest representable floating-point value) in the register
file format. For the disclosed embodiments, these encodings may be
converted for vector operations, as necessary) using the bit steering
operations described above. If more elaborate conversions are required for
zero, infinity, and Max Real results) they may be implemented in earlier
stages of operand delivery module 120) since the.-necessary information is
available relatively early in the floating-point execution pipeline. No
additional delay is introduced into the critical path. For vector
operations, the results of primary FMAC 130 and secondary FMAC 140 are
repacked to provide the result as a PDF operand. In the disclosed
embodiment, the lower 32 bits of the 82-bit entry receive the component
operand result from secondary FMAC 140. The next most significant 32-bits
are provided, through bit steering) by the unpacked operand result from
primary FMAC 130. The upper 18-bits receive implementation-dependent
constants) e.g. in the disclosed embodiment) these are ' 1 & 1003Eh. The
unpacked (RFF) exponent provided by primary FMAC 130 has an excess bias of
FF80h relative to the IEEE single precision format employed for component
operands 260 in packed operand 250. The excess bias is subtracted from the
unpacked operand result when it is converted to a component operand result
for packing. 1n the exemplary embodiment) this may be accomplished by
adding the 2's complement of FF80h to the 17 bit RF'F exponent and using
the lower 8-bits of the result as the exponent for the component operand.
As before, the conversion may be accomplished without loading the
floating-point pipeline with an additional adder, using the bit-steering
operation represented in Table 4. -18   2 5 APR 2003 W O 00/41069 Table 4
PCT/LIS99/29179 



Bit Position t6 t5 I.~ 13 12 11 IO 9 b 7 6 5 4 3 2 1i 0RFF
Exp.E16E7E6ESlitE3E2EIEOCOnStant0D0000000I0000000Result'''''---E6ESE4E3E3EI
EO As indicated in Table 4, exponent bits for the component operand may be
derived from the unpacked operand provided by primary FMAC 130 without
addition. In the above example) they are provided by the lower 8 exponent
bits of the unpacked operand result) with the 8`h bit inverted. The upper 8
bits) which are ignored in the conversion operation) are not shown in Table
2. Table 5 summarizes the bit-steering operation that packs an unpacked
operand result from primary FMAC 130 with a component operand result from
secondary FMAC 140 to provide a packed operand result for vector
operations. Table 5 PACKED OPERAND BITSFUNCTION OF PO BITSRESULT BITS FROM
I FMACRESULT BITS FROM 2 FMAC83]Im licit bit of 1" CO[63-[82]Im licit bit
of 2"~ CO-[23)[81 ]Unused constant (si n bit in RFF~--(80:64]Unused
constant (ex bits in RFF)--63]Si n bit for I" CO(81 J(62]MSB of 1" CO exp(
~ 1 ][61:55)Remainin ex bits of 1` CO(70:64]-[54:32]Mantissa bits of 1"
CO(62:40)-(31 ]Si n bit for 2" CO-[32][30:23)Bits of 2 CO Ex'
-(31:2A][22:0JMantissa bits of 2" CO-(22:0] -19   2 5 APR 2003 O 00I41069
PCT/U599l29179 Here, "CO" refers to component operand, "Result bits from 1
FMAC" refers to the packed operand result generated by pnmary FMAC 130, and
"Result bits from 2 FMAC" refers to the component operand result generated
by the secondary FMAC l30. For certain instructions executed by the FMAC)
additional control signals are 



provided to the FMAC to modify operation of the unit. For example, the FMAC
may be used to convert floating-point operands to integer operands. The
conversion may be applied to both vector and scalar operands. The bit
shifting required for the vector and scalar cases is different, and a
separate control signal is provided to adjust FMAC operation accordingly.
The multiply accumulate operations discussed above) e.g. those involved in
matrix multiplication and coordinate transformations) are processed without
any such internal modifications of the FMAC units. There has thus been
provided a system for processing SIMD or vector operations using a
combination of scalar and vector execution units. The amount of additional
execution hardware that must be added to the system is reduced, while the
perforn~ance of the scalar execution hardware is preserved. The system
employs a register file having an implicit bit for each component operand
of a packed operand. A load conversion unit includes logic to test each
component operand for denormal/zero status during the load operation and to
set the associated implicit bit accordingly. A scalar and a vector
execution unit are provided for each pipeline in the system. An operand
delivery module provides data from a register file to the scalar and vector
execution units. For SIMD operations, the operand delivery module retrieves
a packed operand from the register file, converts a component operand to an
unpacked operand via bit steering, and provides the unpacked operand to the
scalar execution unit for processing. A second component -20   2 5 APR 2003
WO 00/4l069 PCT/US991?9179 operand is provided to the vector execution
unit. Bit steering logic includes trace routings and inverter, which has a
minimal impact on the performance of the system for both scalar and vector
operations. -21   2 5 APR 2003 What is claimed is: A method comprising:
retrieving a packed floating-point operand for a register file entry;
copying significand, exponent and sign bits from each operand of the packed
floating point operands to the register file entry; testing exponent bits
of each of the floating-point operands; acid for each operand, setting a
bit associated with the register file entry responsive to a state of the
exponent bits of the operand. The method of claim 1, wherein testing
exponent bits of each floating point operand includes determining from the
exponent bits whether the floating point operand is denonnal or zero. The
method of claim 2, wherein testing the exponent bits of the floating point
operand comprises determining whether each of the exponent bits is zero. 4.
The method of claim 1, wherein the register entry is an 82 bit register
entry that accommodates two 32 bit floating point operands and each of the
bits is set to a first state if the exponent bits indicate the associated
operand is denormal. 



5. A method for loading a packed operand into a floating-point register
file entry, the method comprising: copying significand bits and exponent
bits for each component operand of the packed operand to corresponding
fields in the register file entry; determining if each component operand is
normalized; and setting to a first logic state a bit associated with each
component operand that is normalized. The method of claim 5, wherein
determining if each component operand is normalized comprises testing the
exponent bits of the component operand. -22   2 5 APR 2003 The method of
claim 6, wherein testing the exponent bits comprises: determining whether
any of the exponent bits are non-zero; and identifying the component
operand as normalized when it includes at least one non-zero exponent bit.
The method of claim 7, further comprising setting to a second logic state
the bit associated with each component operand that is not normalized. A
processor comprising: a data cache; a floating point register file
including a plurality of entries, each entry having one or more associated
bits to indicate if an operand stored in the enh~y is normalized; and a
load converter to copy significand and exponent bits for each of a
plurality of operands in a packed floating-point operand from the data
cache to one of the register file entries, to test the exponent bits of
each of operand of the packed floating point operand and to set a
corresponding bit to a first or second logic state according to a result of
the test. 10. The processor of claim 9, wherein the load converter includes
an OR gate having a number of inputs equal to the number of exponent bits
to test the exponent bits of each operand. 11. The processor of claim 9,
wherein the load converter includes test logic for each component operand.
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