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A METHOD AND APPARATUS FOR HANDLING
IMPRECISE EXCEPTIONS

FIELD OF THE INVENTION

The present invention relates to the field of computer systems." Specifically, the
present invention relates to a method and apparatus for updating the architectural state in

a system implementing staggered execution with multiple micro-instructions.

DESCRIPTION OF RELATED ART

Single Instruction Multiple Data (SIMD) technology has enabled a-signiﬁcant
improvement in multimedia application performance. SIMD technology provides for a
single macro-instruction who execution causes a processor to perform the same
operation on multiple data items in parallel. This technology is eSpecially suited to -
systems that provide packed data formats. A packed data format is one in which the bits
in a register are logically divided into a number of fixed-sized data elements, each of
which represents a separate value. For example, a 64-bit register may be broken into
four 16-bit elements, each of which represents a separate 16-bit value. SIMD
instructions then separately manipulate each element in these packed data types in
parallel. For example, a SIMD packed ADD instruction adds together corresponding
data elements from a first packed data operand and a second packed data operand. More
specifically, the addition of the packed data operand X ( having data elements X, X,
X2, X3) and packed data operand Y (having data elements Yq, Y|, Y2, Y3) resultsina

packed data operand Z (having data elements Zg, Z|, Z2, Z3; where Z;= X;+Y;).

Figure 1 illustrates a current processor implementation of an arithmetic logic unit

(ALU) that can be used to execute SIMD instructions. -The ALU of Figure 1 includes the
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circuitry necessary to perform parallel operations on the full width of the operands (i.e.
all of the data elements). In particular, Figure | shows an ALU having an ADD
execution unit and a MUL execution unit respectively capable of operating as four

separate ADD execution units and four separate MUL execution units.

Many modern processors, whether in-o.rder or out-of-order, .must maintain a
speculative state and an architectural state. The architectural state represents the in-order
completion of instructions for which any and all exceptions have been handled. In
contrast, the speculative state represents the in-order or out-of order execution of
instructions for which exceptions may cause or have caused an exception. When a
macro-instruction is passed from the épeculative state to the architectural state, the
macro-instruction is said to have updated the architectural state (e.g., in an in-order
processor, 'when the macro-instruction has completed execution and the results have been
written; in an out-of-order processor, when the macro-instruction has been “retired.”)
Since the operations of a macro-instruction in the system of figure 1 are performed on all
of the data elements in parallel, the all of the results are used to update the architectural

state together and after any exceptions have been resolved.

The implementation described above can require a significant amount of
duplicated hardware components and can be inefficient in utilizing the hardware

components (namely the ADD and MUL execution units).

This Sheet Has Been Replaced
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SUMMARY OF THE INVENTION

A method and apparatus for updating the architectural state in a system

implementing staggered execution with multiple micro-instructions is disclosed.

According to one aspect of the invention, a method is provided in which a macro-
instruction is decoded into a first and second micro-instructions. The macro-instruction
designates an operation on a pieced of data, execution of the first and second micro-
instructions separately cause the operation to be performed on different parts of the piece
of data. The method also requires that the first micro-instruction is executed irrespective
of the second micro-instructions (e.g., at a different time), and that it is detected that said
second micro-instruction will not cause any non-recoverable exceptions. The results of
the first micro-instruction are then used to ﬁpd'ate the architectural state in an earlier

clock cycle than said second micro-instruction.

-
-
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BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is described by way of example and not by way of
limitation with reference to the figures of the accompanying drawings in which like

reference numerals refer to similar elements and in which:

Figure 1 illustrates a current processor implementation of an arithmetic logic unit
(ALU) that can be used to execute SIMD instructions.

Figure 2 illustrates conceptually the 6peration of specified by a packed data
macro-instruction being performed on the operands in a "staggered” manner according to
one embodiment of the invention.

Figure 3 is a conceptual block diagram illustrating additions to a processor
architectu;'e that allows for independent updating of the architectural state by related
staggered execution micro-instructions and that provides a precise exception model
according to one embodiment of the invention.

Figure 4 is a flow diagram illustrating address exception checking for a single

. staggered execution micro-instruction according to one embodiment of the invention.

Figure 5 is a flow diagram illustrating a method for independently updating the
architectural state responsive to related staggered execution micro-instructions according
to one embodiment of the invention.

Figure 6 is a conceptual circuit diagram of the retirement delay unit 360

according to one embodiment of the invention.

-—
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

A method and apparatus for updating the architectural state in a system
implementing staggered execution with multiple micro-instructions is disclosed. In the
following detailed description, numerous specific details are set forth in order to provide
a thorough understanding of the present invention. It will be apparent to one of ordinary
skill in the art that these specific details need not be used to practice the present
invention. In other instances, well-known structures, interfaces, and processes have not

been shown in detail in order not to unnecessarily obscure the present invention.

Figure 2 illustrates conceptuaﬂy the operation of specified by a packed data
macro-instruction being performed on the operands in a “staggered” manner according to
one embodiment of the invention. Although one enibodiment of the invention is
described with reference té a packed data operand format, the following description'is
also applicable to performing certain operations (e.g. logical operations) on a scalar data
format. "Staggered execution” in the context of this embodiment refers to the process of
dividing a macro-instruction's operands into separ_ate segments ﬁnd independently
processing each segment using the same hardware. The segments are independently

processed by introducing a delay into the processing of the subsequent segments. As

illustrated in Figure 2, the packed data operands of an ADD instruction are divided into a

"high order segment” (data elements 3 and 2) and a "low order segment” (data elements
I and 0). The low order segment is processed while the high order segment is delayed.
Subsequently, the high order segment is processed and the full-width result is obtained.
Additionally, although the following embodiments are described as having ADD and
MUL execution units, alternative embodiments can use different execution units (e.g.,
one alternative embodiment uses one or more Multiply Accumulate (MAC) units instead

of the ADD and MUL execution units).
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While there are a number of different ways in which the staggered execution of
instructions can be achieved, the following describes embodiments that decode macro-
instructions into two or more micro-instructions to implement staggered execution. In
one exemplary embodiment that supports macro-instructions that specify logical
registers containing 128-bit operands, each such macro-instruction is divided into at least
two “staggered execution” micro-instructions that each operate on only half of the
operand(s), the high and low order segments. In other words, each of the staggered .
execution micro-instructions respectively cause the operation specified by the macro-
instruction to be performed at different times (and in some embodiments, using the same
hardware) on the low and high order segments of the operands. In one embodiment, the
following is performed: 1) the operands are divided into a high and low order segment
when the staggered execution micro-instructions separately cause only half of the
operands to be accessed from the logical registérs; and 2) each micro-instruction causes
half of the ‘resulting operand to be written into the logical destination register specified
by the macro-instruction. The staggered execution micro-instructions generated for a
given macro-instruction are referred to as related staggered execution micro-instructions.
Alternative embodiments may divide the operands in anothef manner (e.g., access and/or
store the entire operand to the appropriate logical register at one time, but perform the
operation specified by the macro-instruction one the half-width operands at different
times). In addition, while one embodiment is described in whiéh 128-bit operands are
divided into two segments, alternative embodiments could use larger or smaller

operands, and/or divide those operands into more than two segments.

The term logical register is used herein to refer to the concept of the manner in
which instructions specify a storage area that contains a single operand. Thus, a logical
register can be implemented in hardware using any number of well known techniques,

including a dedicated physical register, one or more dynamically allocated physical
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registers using a register renaming mechanism (described in further detail below), elc..
Figure 3 is a conceptual block diagram illustrating additions to a processor
architecture that allows for independent updating of the architectural state by related
staggered execution micro-instructions and that provides a precise exception model
according to one embodiment of the invention. While Figure 3 conceptually shows
various aspects of a processor, many well-known aspects of a processor are not
illustrated because they are not necessary to understanding the invention. Figure 3
shows a macro-instruction 300 entering a decode unit 305. Since the macro-instruction
300 is one ofﬁ type for which multiple micro-instruction staggered execution is used, the
decode unit 305 generates two staggered execution micro-instructions in accordance with
the exemplary embodiment shown in Figure 3. That is, responsive to the macro-
instruction 300 that specifies an operation to be performed on a full width operand, the
decode unit 305 generates a first and second staggered execution micro-instructions that

each cause that operation on a different half of the operand.

In processing the resulting staggered execution micro-instructions, the processor
can perform register renaming and/or out of order execution. While the invention can be
used with a number of different register renaming and out of order execution models, the
invention will be described with reference to tWo different mechanisms respectively

described in U.S. patent numbers 5,446,912 and 5,197,132.

Regardless of whether register renaming and/or oﬁt of order execution are used,
the processor receives macro-instructions in a given order and updates the architectural
state in that order. As such, the order in which the macro-instructions were received
must be maintained. Various techniques can be used for maintaining the order in which
the macro-instructions are received. For example, in an in-order processor in which
macro-instruction order is maintained by the pipeline(s), related staggered execution

micro-instructions can be grouped by either allocating consecutive stages in the same

42390.P5697 8-
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_pipeline or dispatching to multiple pipelines at the same time. In contrast, Figure 3

illustrates an out-of-order processor. While various techniques can be used to maintain
the order in which the macro-instructions were received, Figure 3, for illustrative
purposes, includes an instruction order queue 310. The instruction order queue 310
could be implemented using the reorder buffer of U.S. patent number 5, 446,912, the log
of U.S. patent number 5,197,132, or any other instruction order maintaining structure.
The instruction order queue 310 is operated as a circular queue. As such, the instruction
order queue 310 includes a head pointer 325 for identifying_the next entry to be

allocated, as well as a tail pointer 330 for indicating when the queue is full.

In the systems of U.S. Patent Numbers 5,446,912 and 5,197,132, each macro-
instruction is respectively allocated an entry in the reorder buffer or log in the order in
which théée macro-instructions are received. In this manner, a record of the order in
which the macro-instructions were received is maintained. In contrast, the staggered
execution of a macro-instruction requires that two entries in the instruction order queue
310 be allocated, one for each of the staggered execution micro-instructions. With
reference to Figure 3, the first and second staggefed execution micro-instructions are

respectively allocated entries 315 and 320 in the instruction order queue 310.

Figure 3 also illustrates a retirement unit 340 that maintains a retirement pointer
335. The retirement pointer 335 follows the head pointer 325 and identifies the current
set of entries in the instruction order queue 310 being considered for retirement (referred
to as the “retirement window™). While different systems may attempt to retire different
numbers of entries from the instruction order queue 310 at a time, one émbodiment of

the invention attempts to retire three entries at a time.

Whether using an in-order or out-of-order processor, certain issues are raised

with respect to the updating the architectural state responsive to staggered execution
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micro-instructions. In pz_micular. the architectural state must provide a precise exception
model from the perspective of the programmer (this includes the operating system
programmer). To ensure a precise exception model, a processor can be designed such
that related staggered execution micro-instructions must update the architectural state
together. Requiring all staggered execution micro-instructions to update the architectural
state together ensures that the architectural state is updated 6nly if both micro-
instructions are executed without generating any “non-recoverable” exceptions. A non-
recoverable exception is defined as an exception that cannot be handled by the processor.
Thus, a non-recoverable exception does not include exceptions that can be handled by
microcode and/or hardware, but includes exceptions that are visible to the programmer

(including the operating system programmer).

Unfortunately, requiring staggered execution micro-instructions to update the
architectural state together can reduce processor efficiency. In particular, there will be
certain times when it is desirable to update the architectural state for the first micro-
instruction at a different time than for the second micro-instruction. For example,
assume the current retirement window includes the first micro-instruction but not the
second micro-instruction. As another example, assume that the first micro-instruction

completed execution, but the second micro-instruction has not.

One aspect of the invention is to allow related staggered execution micro-
instructions to update the architectural sfa_te independently while still providing a precise
exception model. To maintain a precise exception model, if the processor is.attempting
to update the architectural state responsive to a first staggered execution micro-
instruction separately from a related second staggered execution micro-instruction, the
processor must be able to ensure that the second staggered execution micro-instruction
cannot cause a non-recoverable exception. Two categories of exceptions that are of

concern include: 1) address exceptions; and 2) numerical exceptions.

42390.P5697 -10-
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Address Exceptions

With respect to address exceptions, in an embodiment in which a macro-

" instruction requiring a memory access (read or write) is decoded into two micro-

instructions, each of the staggered execution micro-instructions performs the memory
access for half of the width of the operand. To provide a precise exception model, it
must be guaranteed that either of the staggered execution micro-instructions does not
update the architectural state if either segment of the full width access will result in an
address exception. Therefore, to provide the precise exception model, rather than
checking only the half width address respectively associated with the first and second
micro-instructions independently, the full width operand address is checked in
association with at least the first staggered execution micro-instruction. Therefore, when
the first stﬁggered execution micro-instruction is ready to update the architectural state, it
can be determined whether there was an address exception on either of the half width
operand memory accesses. Whether any part or the full width operand address is
checked as part of processing the second rnicro-ins;ruction depends on the
implementation. For example, in implementations in which the first micro-instruction is
guaraﬁteed to be executed before the second micro-instruction (e.g., aﬁ in-order
implementation, an out-of-order implementation that is modified to require related
staggered execution micro-instructions that perform memory accesses be executed in-
order, etc.), operand address checking on the second staggered execution micro-
instruction can be optional. As another example, in implementations in which related
staggered execution micro-instruction that perform memory access can be executed out-
of-order, either the half width operand or the full width operand address is checked as

part of processing the second micro-instruction.

Figure 3 shows a memory access unit 345. The memory access unit 345 includes

an address unit 350 that, for a given staggered execution micro-instruction, checks the

42390.P5697 -11-
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full width operand address as opposed to the half width operand address for which that
given staggered execution micro-instruction is responsible. The memory access unit 345
is incorporated into a processor using well-known techniques that are not further

described here.

Figure 4 is a flow diagram illustrating address exception checking for a single
staggered execution micro-instruction according to one embodiment of the invention. In
step 400, the full width operand address is checkcc_i even though the single staggered
execution m_icro-instruction only operates on half of the width of the operand. In
particular, an embodiment in which the operands are 128-bits, the address unit 350
performs a 128-bit wide check. In one embodiment, step 400 includes checking for
alignment faults, page faults, and segment limit violation faults for many types of
memory access operations. However, certain instructions (unaligned 128-bit loads,
partial loads (loading bnly 16 or 64 bits of 128 bit operands), prefetches, etc.) supported
by certain embodiments do not require an alignment check. In addition, the full width
address checking is performed by associating the address of the lower order segment
with both the first and second staggered execution micro-instructions. To obtain the
address of the high order data segment, the fourth bit of the aligned address is set to one
(equivalent to adding eight to the low order data segment address). Since the four least
significant bits of an aligned address will be zero, in one embodiment the alignment is
checked by testing the four least significant bits. As for segment limit violation and page
faults, well-known techniques are used (e.g., the. address from the low order segment is

used as the base and the full width operand address is checked).

If any address exception is detected on the full width operation, flow passes to
step 405 where the exception is recorded (e.g., in the appropriate entry of the instruction
order queue 310). Otherwise, flow passes to step 410 in which the fact that no address

exceptions were generated is recorded.
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Numerical Exceptions

With respect to numerical exceptions, a numerical exception is typically not
determined until the actual arithmetic operation is performed during an execution stage.
However, the first and second staggered execution micro-instructions independently
perform half of the arithmetic operation required by their parent macro-instruction. For
each smggered execution micro-instruction, an indication as to whether any numerical
exceptions were generated is stored in the appropriate entry of the instruction order
queue 310. Therefore, one situation in which one staggered execution micro-instruction
can update the architectural state independently is after the other staggered execution
micro-instru.ction has completed execution without any exceptions. However, processor
efficiency can be improved if a given staggered execution micro-instruction does not
have to wz;it for the completion of execution of the other staggered execution micro-
instruction. To this end, one embodiment of invention allows for the masking of
numerical exceptions. When a numerical exception is masked, that exception is handled
in a manner that is effectively invisible to the programmer (e.g., the exception is handled
in microcode, with a special macro instruction routine designated for.recoverable
exceptions, etc.). In contrast, unmasked exceptions are those that are non-recoverable

(they are exceptions that the machine itself cannot correct).

Figure 3 illustrates an exception mask register 355 for storing data indicating
which numerical gxéeptions are masked and which are unmasked according to well-
known techniques. In an in-order processor, a similar technique can be used. While one
embodiment is described in which the numerical exceptions can be selectively masked,
alternative embodiments do not provide such a selection mechanism (e.g., certain or all
numerical exceptions are always recoverable, certain or all numerical exceptions are
always non-recoverable, etc.). In those situations where all numerical exceptions are

recoverable, there is no need for a dependency between related staggered execution

[ ————
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Architectural Update

Referring again to Figure 3, the retirement unit includes a retirement delay unit
360. Whena staggeréd execution micro-instruction is up for retirement, the retirement
delay unit 360 determines whether updating the architectural state must be delayed on
account of the related staggered execution micro—instruc.:tion. I.n the embodiment shown
in Figure 3, a staggered execution micro-instruction is detected by inspecting a check
next operation field 312. In operation, data is stored in the check next operation field for
an entry to link one entry to the next. In one embodiment that generates two staggered
execution micro-instructions per macro-instruction, logic 1 and O are resp;:ctively stored
in the check next operation fields of the entries allocated for the first and second
staggered execution micro-instructions, respectively (see Figure 3). Thus, a logic | in
the check next operation field of an entry indicates that the next enﬁy needs to be
checked before the current entry is used to update the architectural state of the processor.
While one embodiment uses a field in the instruction order queue, altemati'}/e.
embodiments could use any number of techniques (e.g., inspecting the opcodes in the
instruction order queue, control bits associated with the first micro-instruction in an in-

order processor, etc.).

Figure 5 is a flow diagram illustrating a method for independently updating the
architectural state responsive to related staggered execution micro-instructions according
to one embodiment of the invention. In Figure 5, it is assumed that a staggered
execution micro-instruction is ready to update the architectural state. In step 505, it is
determined if there are any address exceptions by inspecting previously recorded address

exception data. With respect to Figure 3, step 505 is performed by checking the
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exception data stored in the instruction order queue 310 by the address unit 350 (see
steps 405 and 410 of Figure 4). As previously described, the address unit 350 checks for
address exceptions on the full width operation. If there are address exceptions. flow
passes to step 510 and the exception is handled according to well-known techniques.

Otherwise, control passes from step 505 to step 525.

As shown in step 525, it is determined if all numerical exceptions are masked.
As previously described, when all numerical exceptions are masked, any numerical
exceptions generated by a related staggered éxecution micro-instruction will be
recoverable, and therefore, will not result in an imprecise exception state. If all
numerical exceptions are masked, control passes from step 525 to step 520. In this
manner, a staggered execution micro-instruction can be allowed to update the
architectural state independently of the related staggered execution micro-instruction.
By removing this restriction on the architectural updating process, processor efficiency is

improved. In contrast, if at least one numerical exception is not masked, control passes

to step 530. Of course, embodiments in which numerical exceptions cannot be

selectively masked, step 525 is not required.

_While one embodiment is described in which delaying the updating of the
aréhitectural state responsive to a current staggered execution micro-instruction is based
on whether a related second staggered execution micro-instruction has completed
execution without any exceptions or on whether all numerical exception are masked,
alternative embodiments can provide greater granularity with respect to which numerical
exceptions are masked. In particular, assuming execution of a micro-instruction
generates a masked.cxception, it is not guaranteed that the exception is recoverable
because the servicing of certain exceptions can result in the generation of other
numerical exceptions (referred to as secondary numerical exceptions). If such a

secondary numerical exception is generated that is currently unmasked, a non-
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recoverable exception will be generated. For at least certain exceptions there is a limited
number of possible secondary numerical exceptions (in other words, the set of possible
secondary numerical exceptions does not include all possible numerical exceptions).
Thus. in one alternative embodiment, if a recoverable numerical exception (e.g.. a
masked numerical exception) is generaied upon execution of staggered execution micro-
instruction, updating the architectural state responsive to a related staggered execution
micro-instruction is not delayed for purposes of numerical exceptions if all of the
secondary numerical exceptions that can be generated during the servicing are

recoverable (e.g., masked).

In step 530, it is determined if all the related staggered execution micro-
instructions have completed execution without any exceptions. In particular, there will
be times when the related staggered execution micro-instructions have already been
executed, and therefore, any exceptions which ﬁlay have been generated will already
have been recorded (e.g., in the instruction order queue 310). If all of the related
staggered execution micro-instructions have completed execution without any
exceptions, control passes to step 520. In contrast, if any of the related staggered
execution micro-instructions may or have caused a numerical exceptioh, control passes
to step 535 in which the updating of the architectural state is delayed. By way of
example, control'passes from step 530 to step 535 if: 1) a related staggered execution
micro-instruction hés caused a numerical exception; 2) a related staggered execution

micro-instruction has not yet been executed; 3) information regarding a related staggered

execution micro-is not available, etc. By way a further example, the information

regarding a related staggered execution micro-instruction may not be available in an
embodiment in which the last operation in the retirement window is not provided access
to the next entry in the instruction order queue (no port to the retirement unit is provided

from the next entry of the instruction order queue outside of the retirement widow).

—
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In thdse cases in which updating the architectural state is delayed, the current
micro-instruction will again be considered at the next architectural update opportunity.
By way of example, in an in-order processor some sort of buffer area (e.g., buffer stage,
temporary microcode register, etc.) is provided for the result of the first staggered |
execution micro-instruction until the second staggered execution micro-instruction is
ready. While the described embodiment includes step 530, alternative embodiments that
do not perform step 530 can simply have control pass from step 525 to step 535 when all

numerical exceptions are not masked.

Figure 6 is a conceptual circuit diagram of the retirement delay unit 360
according to one embodiment of the invention. The circuitry shown in Figure 6 would
provided in the retirement unit for each operation in the retirement widow, or one or

more such circuits would be shared in a serial fashion by multiple operations in the

_ retirement window. In Figure 6, the exception mask bits are provided to the input of

AND-gate 600. Assuming the exception mask bits are logic 1 when an exception is
masked, the output of the AND-gate 600 will be logic 1 when all exceptions are masked

- when independent retirement is not prevented due to numerical exceptions. The output

- of the AND-gate 600 is an inpu't to an OR-gate 605. The other input to the OR-gate 605

is a signal indicating whether the other related micro-instruction(s) have already
completed execution without any exceptions. This signal is generated by collecting and
ANDing bit(s) indiéating qompletion of execution and bit(s) indicating no exceptions
with respect to the subsequent entries (e.g., the next entry) of the instruction order queue.
As a result, the output of the OR-gate will be logic 1 when independent retirement is
possible. The output of the OR-gate 605 is provided to an AND-gate 610 through an
inverter. The other input of the AND-gate 610 is a signal indicating the status of the
check next operation field for the.current entry. In this embodiment, a logic 1 in the

check next operation field indicates that the next entry of the instruction order queue 310

—_—
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contains a related staggered execution micro-instruction. As such, all of the inputs to the

AND-gate 610 are logic | when the retirement should be delayed.

While a conceptual circuit diagram has been illustrated in Figure 6, any number
of different circuit cqnﬁgdrations can be implemented. For example, in the above
described alternative embodiment in which the last operation in the retirement window is
not provided access to the next entry in the instruction order qﬁeue, there is no signal
available as to whether any related micro-instructions outside the retirement window

have been executed without causing any exceptions.

Exemplary System

The dual micro-instruction implementation of staggered execution is particularly
useful when incorporating operations of a larger operand size into existing processor
architectures. For example, one embodiment incorporates 128-bit packed floating point
operations into an existing 32-bit architectufe (e.g., the Pentium® II processor). In this
example, the processor supports Y new logical registers for storing packed floating point
data. A packed floating point macro-instruction is converted into two half width (e.g.
64-bit) staggered execution micro-instructions, namely a "high order operation” and a

"low order operation.”

Assuming that the existing architecture performs register renaming using (in part)
a register mapping table to map logical registers to physical registers, the logical source
and/or destination registers of each staggered execution micro instruction are pointers to
specific register entries in 2 new register mapping table (é.g. a RAT) added for the Y
128-bit logical registers. The entries in the register mapping table in turn point to the
location of the physical register(s) currently allocated for the logical source and

destination register(s). According to one embodiment, in order to accommodate the half
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width high and low order operations described abave, the new RAT for packed floating
point data is provided with Y*2 entries. Thus, for example, instead of a RAT with one
entry for each of the Y new logical registers, the RAT has two entries for each of the Y
new logical registers. Each entry is used for either the high or low half of one of the new

128-bit logical registers.

Each of the high and low order staggered execution micro-instructions thus has

associated entries in the register mapping table corresponding to the respective operands.

Each staggered execution micro-instruction retrieves and separately processes a 64-bit
segment of the 128-bit operands. Thus, at different times, the same 64-bit hardware unit

is used to execute the high and low order operations.

In one embodiment, a new 128-bit retirement register file is added for storing the
architectural state of the Y new logical registers (e.g., similar to the retirement register
files in U.S. Patent No. 5,446,912). Alternative .em'bodiments can handle the
architectural state in different ways (e.g., having Y*2 64-bit retirement registers, each
designated as high or low; not using a retirement register file -- see U.S. Patent Number

5,197,132; etc.).

In one embodiment, when a recoverable numerical exception is generated by a

second staggered execution micro-instruction, the processor flushes the system before

- servicing the exception. Assuming that the first staggered execution micro-instruction

has already executed and is ready for retirement, different embodiments handle the
previously generated result of the first staggered execution micro-instruction different
way. For example, in one embodiment the result of the first staggered execution micro-
instruction is flushed and the first staggered execution micro-instruction is re-executed -
with the second staggered execution micro-instruction. In alternative embodiments, the

result of the first staggered execution micro-instruction is preserved so that the first

.
heet Has Been Replaced

"

42390.P5697 -19-



10

staggered execution micro instruction need not be re-executed. Any number of different
mechanisms can be used for preserving the result of the first staggered execution micro-
instruction (e.g., an additional temporary storage area to store the result, a mechanism to

maintain the result in its current storage location during the flush, etc.)

Conclusion

Thus, a method and apparatus for independent retirement of staggered execution
micro-instructions is disclosed. The specific arrangements and methods described herein
are merely illustrative of the principles of the invention, and numerous modifications
may be made without departing from the scope of the invention. Although this invention
has been shown in relation to particular embodiments, it should not be considered so

limited. Rather, the invention is limited only by the scope of the appended claims.-
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L. A method comprising the computer implemented steps of:

decoding a macro-instruction, designating an operation on a piece of data, into a
first and second micro-instructions whose execution separately causes the
operation to be performed on different parts of the piece of data;

executing said first micro-instruction irrespective of execution of said second
micro-instruction;

detecting that said second micro-instruction will not cause any non-recoverable
exceptions; and

updating the architectural state responsive to said first micro-instruction in an

earlier clock cycle than said second micro-instruction.

2. The method of claim 1 wherein said step of detecting the said second micro-
instruction will not cause any non-recoverable exceptions includes the steps of:
detecting said operation is a memory access; and
during execution of the first micro-instruction, detecting the memory accesses
required by both the first and second micro-instruction will not cause an

address exception.

3. The method of claim 2 further comprising the step of:
during execution of the second micro-instruction, detecting the memory accesses
required by both the first and second micro-instructions will not cause an

address exception.
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4. The method of claim 2 further comprising the steps of:
executing the second micro-instruction before executing the first micro-

instruction.

5. The method of claim 2, wherein the step of detecting the memory accesses
required by both the first and second micro-instructions will not cause an address
exception includes the steps of:

checking for alignment, page and segment violation faults.

6. The method of claim 2, wherein the macro-instruction specifies a packed data
operation, the piece of data is a packed data item including a plurality of data elements,
and the first and second micro-instructions cause the packed data opération to be

performed on different ones of the plurality of data elements.

7. The method of claim 1, wherein said step of detecting that said second micro-
instruction will not cause any non-recoverable exceptions includes the steps of:
detecting that the operation is an arithmetic operation; and
detecting that said second micro-instruction will not cause any non-recoverable

numerical exceptions.

8. The method of claim 7 wherein said step of detecting that said second micro-
instruction will not cause any non-recoverable numerical exceptions includes the step of:

detecting that all numerical exceptions are masked.

9. The method of claim 7, wherein the numerical exceptions include 777?.

This Sheet Has Been Replaced




0 N O W»m

A

10.  The method of claim 7, wherein the macro-instruction specifies a packed data
operation, the piece of data is a packed data item including a plurality of data elements,
and the first and second micro-instructions cause the packed data operation to be

performed on different ones of the plurality of data elements.

11.  The method of claim 1 wherein said step of detecting that said second micro-
instruction will not cause any non-recoverable exceptions includes the steps of:
if said operation is a memory access, then detecting, during execution of the first
micro-instruction, that the memory access for the second micro-.
instruction will not cause an ac_idress exception; and
if said operation is an arithmetic operation, then detecting that no numerical
exceptions can occur on execution of said second micro-instruction that

are non-recoverable exceptions.

12.  The method of claim 1, wherein the macro-instruction specifies a packed data
operation, the piece of data is a packed data item including a plurality of data elements,
and the first and second micro-instructions.cause the packed data operation to be

performed on different ones of the plurality of data elements.

'13.  The method of claim 12, wherein each of the plurzﬂity of data elements represents

a floating point value.

14.  The method of claim 12, wherein each of the plurality of data elements represents

a integer value.
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a decode unit to decode a macro-instruction, which designates an operation on

15. A processor comprising:

data, into a first and second micro-instructions that cause the operation to
be separately performed on different parts of the data; and

a queue, coupled to the decode unit, having a plurality of entries to store data
indicating the order in which macro-instructions are received by the
processor, each of the plurality of entries including a check next operation
field, said queue to store in sequential entries said first and second micro-
instructions and to store data in the check next operation fields of the .
sequential entries to indicate the sequential entries belong to the same

macro-instruction.

16.  The processor of claim 15, further comprising:
an execution umnit to execute the first and second micro-instructions at different

times.

17.  The processor of claim 16, further comprising:
an address unit to check, responsive to a single one of said first and second
micro-instructions, whether a memory access to the entire data will cause

an address exception.

18.  The processor of claim 17, wherein the macro-instruction specifies a packed data
operation, the data is a packed data item including a plurality of data elements, and the
first and second micro-instructions cause the packed data operation to be performed on

different ones of the plurality of data elements.
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19.  The processor of claim 18, wherein said address unit checks whé;her a memory

access will cause a misalignment, page, or segmentation violation fault.

20.  The processor of claim 15, further comprising:

a retirement unit coupled to said queue to determine if said sequential entries can

be retired independently.

21.  The processor of claim 20, wherein said retirement unit includes a retirement
delay unit to detect whether the second micro-instruction will cause any non-recoverable

exceptions.

22.  The processor of claim 20, wherein said retirement unit includes a retirement
delay unit coupled to said fields to determine if retirement of said first micro-instruction

must be delayed until after execution of the second micro-instruction.

23.  The procéssor of claim 15, further éomprising:
an exception mask register to store data to indicate which numerical exceptions
are currently designated as non-recoverable; and
a retirement delay unit coupled to said exception mask register and to said check
" next operation fields to delay retirement of said first micro-instruction if
said second micro-instruction is guaranteed not to cause any numerical

non-recoverable exceptions.

24.  The processor said claim 23, further comprising:
an address unit to check, responsive to said first micro-instruction and
independently of said second micro-instruction, whether a memory access

to the entire data will cause an address exception, each of said plurality of
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entries including an exception field, said address unit coupled to said
exception fields to store in the entry allocated for the first micro-
instruction data indicating the result of the check, said retirement delay

unit coupled to said exception fields.

25.  The processor of claim 24, wherein the macro-instruction specifies a packed data
operation, the data is a packed data item including a plurality of data elements, and the
first and second micro-instructions cause the packed data operation to be performed on

different ones of the plurality of data elements.
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