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instructions for simultaneous execution with instructions in the code section.

Branch instructions complicate instruction scheduling by introducing an element
of indeterminacy into the sequence of instructions executed by a processor (“execution
path™). A branch instruction sends the processor down one of two or more execution
paths, depending on the resolution of an associated branch condition. An instruction on
one of the execution paths that follow the branch instruction is said to be “guarded ” by
the branch instruction, since its execution status, i.e. whether or not it should have been
executed, is determined by how the branch is resolved. Control speculation is the
compiler optimization throngh which an instruction is rescheduled for execution before
the branch that guards its execution. Executing the instruction prior to the branch that
guards it is deemed speculative, because it is not known whether the instruction actually

needs to be executed until the branch condition is subsequently resolved.

When an instruction is speculatively executed, certain events that the instruction

may trigger should not be registered until the instruction's execution status is resolved.
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an instruction before its execution status is determined. If the speculatively executed
instruction is not on the processor's execution path, any resource employed to handle an

exception it raises are wasted.

One difficulty with speculatively executed floating-poiat instructions is that under
IEEE 754 the underflow status flag is set under different conditions, depending on
whether or not the underflow exception is masked. When the underflow exception is
unmasked, the underflow status flag is set if a calculated number is smaller than the
smallest number that can be represented in the format specified for the number, i.e. when
the result is determined to be “tiny". If the underflow exception is masked, the underflow
exception status flag is set if the result is both "tiny" and "inexact", i.e. it can not be
expressed exactly. An instruction may thus generate different results, depending on

whether it is executed normally, i.e. in its original order, or speculatively.

The present invention provides a mechanism for addressing these and other

problems associated with exception handling for speculatively executed instructions.
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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 one embodiment of a floating-point status register

that is suitable for use in the present invention.

Fig. 2 is a block diagram of one embodiment of a status field in the floating-point

status register of Fig. 1.

Fig. 3 is a block diagram of a computer system including a processor that

implements an underflow reporting mechanism in accordance with the present invention.

Fig. 4 is a flow chart representing a method in accordance with the present
tnvention for detecting an unmasked underflow exception for speculatively executed

floating-point instructions.
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to detect "tiny" results since they can lead to overflow if they operate as divisors in

subsequent calculations. A result is deemed “inexact”, under the same standard, when it
differs from the result that would have been computed if both the exponent range and

precision were unbounded.

Under IEEE 745, an underflow exception is raised under different circumstances
depending on whether the underflow exception is masked (disabled) or unmasked
(enabled). When the underflow exception trap is unmasked, an underflow exception is
raised when the result of the operation is “tiny". When the underflow exception trap is
masked, an underflow exception is raised only if the result of an arithmetic operation is

both "tiny" and "inexact”.

As noted above, this difference complicates the detection of underflow exceptions
for speculatively executed floating-point instructions. These instructions are typically
executed with all exceptions, including the underflow exception, masked. Masking the
exceptions prevents the processor from committing resources to exception handling
before the execution status of the “excepting” instruction has been resolved. If a

speculatively executed instruction originates on an execution path that is bypassed by a
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that may be!'QNEROIRHBSIGPRLCBETRIFEA 4Dy result. This status flag is in addition to an
underflow exception status flag that is set/reset according to IEEE 745 and which may be

masked. Setting the "tiny" status flag to a selected value, e.g. one, signals an unmasked
underflow exception, independent of whether the underflow exception is masked or

unmasked.

For one embodiment of the invention, the underflow exception is masked through
an associated mask bit and the exception flags are initialized. Initialization may be done,
for example, through an instruction that clears the IEEE status flags, provided the
instruction is defined to clear the "tiny” status flag as well. A floating-point instruction
may then be executed speculatively, and the exception status flags updated according to
the result generated. The state of the "tiny” status flag is checked to determine whether
the instruction generated an unmasked underflow exception. This may be done at a point
in the control flow at which it has been determined that the speculatively executed
instruction(s) lies on the execution path of the processor. For example, the processor
may read the "tiny" flag and raise an underflow exception if necessary, when it reaches a
point in the control flow at which the instruction is normally, i.e. non-speculatively,
executed. More generally, the processor may raise the exception when it is clear the
Instruction will update the processor's architectural state, e.g. when the processor reaches

a point of registration for the instruction.
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Startus field 120 specifies mode information and tracks result status information.
The mode information is used to control the manner in which the arithmetic result is
caiculated. The status information indicates any exceptions that apply to the result.
Multiple status fields 120 may be used to specify modes and track result status
information for multiple operations or to specify different modes and track result status

information for multiple instances of the same operation.

Fig. 2 is a block diagram of one embodiment of status field 120. The disclosed
embodiment of status field 120 includes a control field 210 and a status field 260.
Control field 210 includes a number of sub-fields for specifying the mode in which the
operation is to be implemented. Flag field 260 includes a number of sub-fields, e.g.
status flags, each of which may be set or reset according to a corresponding property of
the result generated by the operation. For example, the status flags may be exception
flags that are used to indicate whether various exceptions occurred in calculating a result.
Tables 1, 2, and 3 summarize control sub-fields for one embodiment of control field 210.

Table 4 summarizes status sub-fields for one embodiment of flag field 260.
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Sub- Fi el dDemaskirpg ¢xaptions to mask bits 112 in trap field 110. Wre, Pc, and Rc operate in
conjunction with an instruction completer to indicate how a floating-point operation is to
be rounded. The instruction completer, wre, and pc specify the significand precision and
exponent range of the result. If the result is "inexact”, rc indicates how the result is
rounded. The different modes for one embodiment of the invention are summarized in

Tables 2 and 3.

Table 2
Instruction pc wre | Significand | Exponent | Computation Style
Completer Precision Range
Parallel FP | ignore | ignore | 24 bits 8 bits 2 PA-RISC SP
d
.S ignore | O 24 bits 8 bits 1 PA-RISC SP
d ignore | 0 53 bits L1 bits 1 PA-RISC DP
8 ignore | 1 24 bits 17 bits full reg. file SP
d ignore | 1 33 bits 17bits full reg. file DP
None 00 0 24 bits 15 bits IA-32 stack SP
None 01 0 NA NA Reserved
None 10 0 53 bits 15 bits 1A-32 stack double
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Conpl et er Pr onRanqe,Par g et—F el QII%W‘WWSP d
“si gnor €024 opES bi t91! PA Al SC SP ?‘8%%053 bi 125 ¢ i § 41 & RisEEpp

];.S: gng;6124 BASL/ DItiSHhk |riglore | 6£beP dI gqorveﬂi%? b T3 hfiPrdS e DET eg.
Ile

In table 2, IA refers to elements of the Intel® Architecture, PA-RISC refers to
elements of a Hewlett Packard Architecture, SP stands for single precision, DP stands for

double precision, and DE stands for double-extended precision.

Table 3

Nearest (even) | -Infinity (down) | +Infinity (up) Zero (truncate)
Rc 00 01 10 _ 11

Flag sub-fields 260 and descriptions for the disclosed embodiment of FPSR 100
are summarized in Table 4. For one embodiment of the invention, all status flags are
sticky bits which must be set and cleared explicitly, e.g. through a clear instruction.
Exception Status flags defined under IEEE 745 are labeled [EEE in parentheses. Logic
in the floating-point execution unit that is used to implement floating-point operations
detects the various conditions represented by the flags of sub-field 260 and sets the flags
accordingly. For example, the floating-point logic sets the O sticky bit if the result
generated by a floating-point operation is too large (according to [EEE 7435) to be

represented in the format specified for the result.

Table 4
Flag Sub-Field Description
\'% Invalid operation (IEEE)
D Denormal/unnormal
operand .




None00024 bitsl15 bitsl A-32 stack SP NoneO10NANAReser ved Nonel0053 bit

bitsl A-32 stack double 7 1 5 APR 2004 WD 01/ 33341 PCTI US0012S490 Noneiﬂ%zﬂﬂﬂ
bitsl5 bitsl A-32 doubl e- extended None00124 bitsl7 bitsfull reg. file SP
None011Y(@NARE¥Er ved Nonel0153 bi ts17 b| tsfuII reg. file DPC'NMS&%EJ!% bits17
bitsfull reg. file D 0 le DE In
table 2, LA refers PA-RI SC refers
to elenments of a Hew ! single
preci sion, DP stand a@dﬂlﬂE’“sﬂﬁﬁ@ for
doubl e- ext ended pr egtstor bl =% tnf {dpwn) +Infinity
(up) Zero (truncate) Rc0001101 Fl ag sub-ti el jg“dfé% SCI’I ptions for the
di scl osed enbodi menf—of FPSR J00  are sufmari zgd, 3 For one

enbodi nrent of the ipvention, all status flags are g t1c y blts whi ch nust
be set and cleared gxplicitly;T e.g. through a cl egspy nstructi ¢n. Exception
Status flags defined_under |FFE 745 are tabeled IEFFE in parenfiheses. Logic
in the floating-point execution unit that is used to inplenent

fl oating-point operations detects the various conditions represented by
the flags of su fleld 260 and sets the flags accordingly. For exanple,
the floati ng- pobifte. Pogfess ?e%%“ctkﬁg’“dhéttlﬁé?%y”llﬁ“tanl qrefag 1Pé‘§l&‘|"f‘°"@‘?é’r7r§ ated by

a floatingzRRlank QR&LALS t%pa.r{ ﬁmﬁ&&o‘n‘?‘%?oée%?no;%%R&ﬁa‘im@iﬁeﬁ@ mb& Pe

significant bit of the operand is zero in the specified data format. U is an IEEE sticky bit

that is set when there is an underflow exception for the result of a floating-point
operation. If the underflow exception is unmasked, e.g. the corresponding mask bit is not
set, U is set when a floating-point operation generates a result that is smaller than the
smallest number that can be represented using the avajlable exponent bits, i.e. its "tiny".
If the underflow exception is masked, e.g. the corresponding mask bit is set, U is set only
if it the result is both "tiny” and "inexact". As noted above, the state of U depends on
whether the underflow exception is masked or unmasked under IEEE 745. In the

disclosed embodiment, this is indicated by the logic state of the associated mask bit.

T is a new status flag that has been defined to implement the present invention.
For one embodiment of the invention, T is a sticky bit that is set when the result
generated by an instruction is tiny. The state of sticky bit T is independent of the state of
any mask bits in trap field 110 (or Td in control field 210). For the disclosed
embodiment of the invention, it is set when a result is determined to be tiny, and it is
cleared by a clear instruction. For one embodiment of the invention, a reserved bit in
FPSR 100 may be assigned to T. While "tiny” is defined under IEEE 743, this standard .
does not define a separate "tiny" exception. Rather, it is subsumed in the underflow

exception U under IEEE 745. For this reason, T is not labeled IEEE in Table 4.

Fig. 3 is a block level diagram representing a processor 300 that tmplements a
floating-point operation in accordance with the present invention. Also shown is a
memory 350 to provide instructions to processor 300 for execution. Processor 300

includes a floating-point execution unit 310 and a floating-point register file 320.
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represented in the format specified for the result. Table 4 Fl ag 200
Sub- Fi el dDescription Vinvalid operation (I EEE) DDenor mal / unnor mal opJerSaﬁrﬁ)g %ﬂ
1 5 APR 2004 WD 01/33341 PCT/ US00/ 2490 ZZero divide (I EEE) OCverfl ow (| EEE)

UUnderf{‘Qy\MlﬁFrE) | I nexact (IEEE) TTiny Here, D refers to g % %_)é“tblt t hat
is set when~an operand in an unnormalized format is consurred y a
ﬁg égh&g

the. oper andPANGBFS. FACHGIS SEL I Wi daE s ToT L - D) By
that is se ?@g{] GEH hd
fl oating- pg?()"? ZJ? g‘th%EO&eeH he {ijgn{cei)\gérx?fsow eg‘ggf’)é%‘r‘\& F%eﬁﬁﬁggstﬁteﬁ;ﬂe. gs; t he

cor r espondimng erms-h:dnlttmu 3l niatrespoate tdh fleatsed-puine msauttiora(HMENSOL HP INST

operation generates a result that is smaller than the_ snall est "hj‘%)ar that
can be repPE%ré‘ﬁ% Buconsinglor RethaRTR 400 éo észlpfmtéﬁfﬁmmqnsumﬂ’é) FRSR 1q

t he underfl, s "8y t.h set
T e T P P R
above, the3$gate of U depends on whet her the underfIOW/exceptlon i s nmasked
or unmasked under | EEE 745. In the disclosed enbodinent, this is indicated

s been def i nelfaltion it ARRECLOLoM MBS br nE dg%rﬂ:o@%&’béfﬁ)gtfgﬁgéd &y that

has been defined tTO | resent 1 nven odi ment of
t he invent ittmode inSwisick it i€ kdbé)pérf@ﬂﬂaetd frémFH IN$E and FESRESV| Register file 320

provides source operands to execution unit 310 from registers 330 indicated by FP INST.

-

For the disclosed embodiment, floating-point operations may require from one to three
source operands. Execution unit 310 provides the result of the indicated operation to a
register 330 indicated by FP INST, e.g. register 330(n). Register 330(n) may be one of
the source registers or it may be a distinct register. Execution unit 310 also updates
FPSR 100, as necessary, according to the status of the result generated by the floating-
point operation. For example, execution unit 310 may set one or more exception status
flags in the status field of FPSR 100 if the result is exceptional according to one or more
of the definitions under IEEE 745. For the present invention, execution unit 310 may set

a "tiny" status flag, T, in FPSR 100 if the result meets the definition of "tiny” under IEEE
745.

Fig. 4 is an overview of a method 400 for detecting unmasked underflow
exceptions in accordance with the present invention. The status flags are initialized 410
for the instruction(s) to be executed. For one embodiment of the invention, this may be
accomplished by a Clear_Flags instruction, which sets all status flags to the state
indicating that no exceptional condition has been detected. For the embodiment of status
flags represented by table 4, the status flags V, D, Z, O, U, I and T are set to zero. The
exceptions are then masked 420 so that the speculatively executed instruction(s) does not
redirect the processor if an exception is detected in the result(s) generated by the
instruction(s). For one embodiment of the invention, this may be accomplished by
setting mask bits 112 in the trap field 110 to mask their corresponding exceptions.
Alternatively, mask bit TD in control field 210 may be set. no mask bit is provided for
exception flag T since its state is not used to trigger an exception handler.

10



generated by an instruction is tiny. The state of sticky bit Tis 15 APR 2004
i ndependent of the state of any mask bits in trap field 110 (or Td i$1
control field 210). For the disclosed enbodinent of the invention, it is
set whé¥OQ8l/3384lult is determined to be tiny, and it is cIREIEEPOBY] cl ear
instruction. For one enbodi ment of the invention, a reserved bit in FPSR
100 may be assiThoedutaion(s)Willes exetuigd 45Q aniéflierseatusfldey ark BER (p4Btermiyies

Spacor s M PREM et B baus, b erd 1 dis SHOEERNYA exPaey Iieubitioon, T
i t | | [ didGhd widi ' n
I's not |akgled (!':f%lécéspr?m-ﬁ%gf li}ﬁédti&%nvgfahér A tHJn?e&Ff:ch ENGdrndhagtamo

representing a processor ements a oati ng- poi nt operation in
accor danceciried, §igit® iRSROthatnke Mstrattiontb swash@ettet svith themmdesflob0 to
provide instructions to processor 300 for execution. Processor 300

i ncl udes &x¢dpvanimegkgsbi nt execution unit 310 and a fl oating-point register
file 3200 9 1 5 APR 2004 WD 01/33341 PCTI USOO 25490 Fl oati ng-point register
file 320 incl udepsenagicstierepra3dftaddn of Bid0(od)400dot srectlavietly exenaipigsitseries

330") which provide source operands to execution unit 310 and receive

resul t op&®f Aeadng-peiphinstraciipns snindisatedPePW n response to a floati ng- poi nt

instruction (FP I NST(?‘FMQ%EEQEESROPﬁ@?ﬂtﬁ?@x&%ﬁgﬁwaw%&%“ yh FPSR 100 to

control execution un udes ti Ay" exception flag T to

track the "tininess"sHfFERRY resul t s(ifi€iARFEFPSR Byodx sk bieg) unit  310.
Execution unit 310 receives an indication of the operationto be performed
and the node in whiBhl it is to be {s&rtwse deHPHingmcHRn uNSE lasertysEtid) 00,

Register file 320 vi des source pperands Lo. execution i figom
registers 330 indi cgﬁg?d by FP I NST. Pc@cﬁ%'ﬁcgheﬁ%fngﬁ%éogfsé“mu%}glg%eﬁﬁ&fd&)

fl oating-point operations may require fromone to three source operands.
Execution unit 310 provides the result of 'Ehhe Indicated opgration to a
regi ster 330 indicatBBnby FP | NST, (exgeute agiftiepr@r0pnsingRegitaitefield3o( n)
may be one of the source registers or it may be a distinct register.
Execution unit 310 al so updates

Read_Flags (read exception flags, including T, to ID

exceptional results)

There has thus been provided a method for detecting unmasked underflow
exceptions for speculatively executed instructions. The method employs an exception
status flag that may be set by the floating-point hardware when a resuit generated by an
instruction is "tiny”. All exception status flags are cleared and, for speculatively
executed instructions, all exceptions, including the underflow exception, are masked.
The instruction(s) is executed and the "tiny" exception status flag is read to deterinine

whether the result(s) generated an unmasked underflow exception.

The invention has been illustrated using the IEEE 745 standard and a particular
status register structure to more fully illustrate its features. Persons skilled in the art will
recognize that the method may be implemented with a variety of modifications that none
the less fall within the spirit of the invention. For example, the "tiny" status flag need not

be included in a floating-point status register. Further, the invention may be applied to
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FPSR 100, as necessary, according to the status of the result generatgi Eﬁ]
the floating- point operation. For exanple, execution unit 310 may s S &0t
or nore exception status flags in the status field of FPSR 100 if the
result '60E§5 tional according to one or nore of the defdRitidgpRsasdander

| EEE 745. 'FOr the present invention, execution unit 310 may set a "tiny"
status fla T, 1n FPSR 100 if t r i ALL by
cnder 1 EEETN ey g qeling cvetpdftor BRHifor B ERS sftadlbt LR e he
unmasked UBHRPfidPW mAXEEBE LAMEsKHA. ATRARdaRM iviiblitddiunl pbesiendcopavtitei on.

The status flags are initialized 410 for the instruction(s) to be
execut ed. RBppendetkclaintzodi nent of the invention, this may be acconplished by
a Clear_Flags instruction, which sets all status flags to the state

i ndi cating that no exceptional condition has been detected. For the

enbodi mrent of status flags represented by table 4, the status flags V, D,
Z, 0, U | and T are set to zero. The exceptions are then masked 420 so
that the specul atively executed instruction(s) does not redirect the
processor if an exception is detected in the result(s) generated by the
instruction(s). For one enbodi nent of the invention, this may be
acconplished by setting mask bits 112 in the trap field 110 to mask their
correspondi ng exceptions. Alternatively, mask bit TD in control field 210
may be set. no mask bit is provided for exception flag T since its state
is not used to trigger an exception handler. 10 1 5 APR 2004 WO 01/ 33341
PCTTUSOO/ 25490 The instruction(s) is then executed 430 and the status fl ags
are read to determ ne whether any exceptions have been detected for the
specul atively executed instructions. The state of exception flag T

i ndi cat es whet her an unmasked under-fl ow exception occurred, despite the
fact that the instruction(s) was executed with the underflow exception
masked. A pseudo-code representation of nethod 400 for specul atively
executing a series



of floating-point instructions is indicated below C ear Flags (clear
exception flags, including T) Set FPSR (initialize FPSR node, mask 'bﬁtAgﬁ 2004
FP | (execute 151 FP instruction using 1" status field) FP2 (execute 2"1
FP instruction using 2d status field) FPn (execute nth FP instruction using
nth status field) (read exception flags, including T, to ID Read Fl ags
except iWhak is edalimed iThere has thus been provided a nethod for detecting
unmasked underfl ow exceptions for specul atively executed instructions. The
met hod enpl oys an exception status flag that nay be set by the

fl oati ng-poi nt hardware when a result generated by an instruction is

"tiny".1.A\ mettoebforodestciing ubhideyBowreompeising and, for specul atively

executed instructions, all exceptions, including the underflow exception,
are masHearingEhéirshstatust flag( e fisstestatus dingtedindigate whethexeept i on st at us
flag is read to determ ne whether the result(s) generated an unmasked
under f lresudixizetutd smallnrebemepresemtedain aspecifiadifarmadied using the | EEE 745
standard and a particular status re%i ster structure to nore fully

i || ust mareking aheandes@owmxosphionsaiagtiedlagi the art will recogni ze that

t he met hod may be_ inplenmented with a variety of nodifications that none
the | esxecutingadlnatiRgPopl INSrYCORe i nvention. For exanple, the "tiny"
status flag need not be included.in a flaqating-point statu egi ster.

Fur t herreaghes fthe det stars 68 rprieBatns vitetie RRedioyandminl/ 33341

PCTI1 US00125490 ot her .gtandards that .defin ception.conditions
differéﬁ-ﬁW%CtEgbéPi'ﬁ%§ r@?’?‘%\)ﬂ"é‘t%ﬁn‘?ﬁ#@% %9@8%?‘?%%%%8&% or unmasked. The

invention is limted only by the scope of the appended cl ains.

2. The method of claim 1, wherein masking an underflow exception flag
comprises setting a mask bit associated with the underflow exception

status flag.

3. The method of claim 1, wherein clearing the first status flag comprises

executing a clear status flags instruction.

4. The method of claim 1, further comprising:

storing an indicator if an unmasked underflow exception should be
raised; and

reading the indicator and jumping to an exception handler if a point of

registration associated with the floating-point instruction is reached.

5. The n’lethod of claim 2, wherein'a result that is too small to be
represented in a specified format is "tiny" and the first flag is set if the
result is "tiny".
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12 1 5 APR 2006 What is claimed is: 1. A nmethod for detecting underfl ow
conprising: clearing a first status flag, the first status flag to i ol ARR 2004
whether a result is too snall to be represented in a specified format;
maski ng an underfl ow exception status flag; executing a floating-point

I nstruction; readipg.the first stat flag to deferm r the

f1 oat i rg-Pag methqqg@f Egﬂrbh Syhsrein EQF %ag‘ﬁe(ﬁmwﬁ‘&%ﬁ% exception.
2. The nethod of claimJl, wherein masking.an under, xception flag
conpri séateetlegis setARlY %%e§§§ﬁyi @MWt% u#&é&ﬁ?dw exception
status flag. 3. The nmethod of claim1l, wherein clearing the first status
flag conprises executing a clear status flags instruction. 4. The nethod

inder  Touh snetiad Bir R 8% waRElW REepBBh B Abrbing; Cafor and
Lo 11 GaeeHOmE A AOAReItn Ao Bied. 5 The method of ciaim2,
rao et e PRALS frgdfadiBllt sbRui BRI AL IR nsRRIGE ] L pp™
<t at us 'Piggs FERBR sBrefled By B de: N0 ey and "I nexact” . 7. A
met hod JQfingel 86EoNE AAtHEYRLF (W TEEaR! IsBotBOTERS! t9ial0a specified

minimum value and tnexact; and

reading the first status flag to detect an underflow exception, if the

instruction is executed speculatively.

8. The method of claim 7, wherein masking the underflow exception

comprises executing a flag clearing instruction.

9. The method of claim 7, further comprising indicating an underflow
cxception if a point of registration for the instruction is reached, the

instruction is speculative, and the first status flag is set.

10. A machine readable medium that stores instructions which may be
executed by a processor to implement a method for detecting an
underflow condition comprising:

masking exceptions for a floating-point instruction;

executing the floating-point instruction;

setting a first status flag if a result generated by the executed instruction
is tiny; and

setting a second status flag if the result is both tiny and inexact.
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executing a floating-point instruction; setting a first status flag '& ER
result generated by the executed instruction is less than a specifit APR 2004
m ni nrum val ue; setting a second status flag if the result is both | ess than
a specified mninmumvalue and inexact; and reading the first status flag
to detect an underflow exception, if the instruction is executed

specul atively. 8. The nethod of claim 7, wherein nmasking the underfiow

CHOeDL! P TEQTBLLSES, EXCEUUNO A adt oAl | A0n 6k ok ey | T et hod
0 ek AR MEATT G RISt i o
el AL SLORER LASHULIATRIRIE b IR dn PR ks mgogessor (o

maski ng_exceptions for a floating-point instruction; executing the
floatinﬁe- oint instruction; setting a first status flag if a result

generated by the executed instruction is tinny, and setting a second
status flag if the result is both tiny and inexact. 14 1 5 APR 2004 11. The

machi ne i I f i Sy }q1g the first
! }@.ggﬂgn Sﬂfﬁcﬂbmﬁhq%m@xxe@gmﬁg tishd gonimacing i

st at us raising an un eption if a point of registration

for 1 he LS AR fed SR6dasi it thé Hloaking poum isaehétionset . 12, The

met hod © rein maski ng exceptions conprises clearing status
flags associated with the floating-point instructions.

13. The method of claim 12, wherein the status flags include exception
status flags as well as the status flag that is set to indicate whether a

result is tiny.

14. A computer system comprising:

a processor having a floating-point status register, the floating-point
status register including a "tiny" status flag and an underflow status flag:
and

a memory to store an instruction sequence which may be implemented
by the processor to clear the tiny and underflow status flags. mask the
underflow status flag, calculate a floating-point result: and set the tiny

status flag if the floating-point result is tiny.

15, The system of claim 14, wherein the instruction sequence causes the
processor to raise the underflow exception if the tiny status flag is set

and a point of registration assaclated with the floating-point calculation

is reached.

15



13. The method of claim 12, wherein the status flags include exception
status flags as well as the status flag that is set to indicate whet!heAPR2004
result is tiny. 14. A conputer system conprising: a processor having a
floating-point status register, the floating-point status register

including a "tiny" status flaqg and.an,underflow s f| a0, nd a nmenory
to stol6.dme sEiterrol§ %%ﬁem%ﬁx@%ﬁgﬁﬁgﬁﬁpgﬁ@t#he processor
to clear the tiny and underflow status, fla nmask I st at us
flag, saclodestamRask Hit ngi—'{%dflﬁﬁ’r%%‘l o migsk g abﬁigpﬁ?‘r"{y g‘g‘étﬂd%f lag if
the floating-point result is tiny. 15. The system of claim 14, wherein the
i nstruction sequence causes the processor to raise the undexflow exception

: Eet rh " o e piiom o %iir%foﬁﬁvh?@e%igfﬁﬁﬁgﬁﬁ e B Abh SBES el ESSYK“'eﬁnh
a1 _ TIPS “APR20
8} CnbThtesspin® Siask fife WogrnB%: gk B o Teakis b8 t'hah?.“ yestt gees 2 e'”ms‘;f
Ve 7P ok : | 4
fhgl TngéF?%gbgatiﬁl%@ftructl on sequence causes the pr ocessor to nms

loating point instruction is executed
specul atively. 18. A nethod conprising: clearing a first status flag, the
first status flag to indicate if a result generated by an instruction is

| ess t 1Rl r'["%Fi a specified format; clearing a second status
flag, Hgégﬁ%@%@s 53 toindicate if the result raises an underfl ow
except 'c?éﬁring a first status flag, the first status flag to indicate ifa result

generated by an instruction is less than a minimum value in a specified

format;
clearing a second status flag, the second status flag to indicate if the

result raises an underflow exception;
executing the instruction; and
if the instruction is executed speculatively, checking the first status flag

to determine if an underflow exception should be raised.

19. The method of claim 18, further comprising raising an underflow

exception if a point of registration for the instruction is reached and the

first status flag is set.
20. The method of claim 18, further comprising checking the second

status flag to determine if an underflow exception should be raised if the

instruction 1s not executed speculatively.
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executing the instruction; and if the instruction is executed

specul atively, checking the first status flag to determne if an und2APK ol
exception should be raised. 19. The nethod of claim 18, further conprising
rai sing an underfl ow exception if a point of registration for the

instruction is reach and e rst status e nmet hod of
cl ai m 29,. The methogs ﬂaéﬂfhgg ch Wﬁ%ﬁﬁ%ﬁaﬁﬁ‘ Skﬁg%bg det er i ne
if an underfl ow exception sh uld be.ra f .t tr i s not
execut @é%p@éﬁ éﬂf—béﬁ'&ﬁ ST §t‘ﬁbﬁ %%Af% Wﬁgijﬂgg E(#%Ellkgl m 20, further
conpri si ng settlng a masking bit associated with the second status flag if
the i nSPeqaldyelys execut ed specul atively. 17
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