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Branch instructions complicate instmction scheduling by introducing an element
of 1ndetermmacy 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, 15 detenmned by how the branch is resolved ‘Control speculation is the
- compller optmnzatlon through 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 acttzally

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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exception it raises are wasted.

One difficulty with speculatively executed floating-point 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 smlall'er 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
invention for detectinig an unmasked underflow exception for speculatively executed .

floating-point instructions.
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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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floating-point Instruction generates a "tiny" result. This status flag is
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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 executeci §peculative1y, 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 generéted 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 nonnaliy, 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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Status 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
_calculated. 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 conirol 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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‘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 .

ignore | O 24 bits 8 bits 1 PA-RISC SP
d ignore | O 53 bits 11 bits 1 PA-RISCDP
S ignore | 1 24 bits 17 bits full reg. file SP
d ignore | 1 53 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 IA-32 stack double
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ignore 1 53 brts r/7nrts tarl reg Tlle DP None 00 0 22 bits I5 bits TA 32

stack SP None 01 O NA NA Reserved None 10 O 53 bits 15 bits | A-32 stack

doubl e
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In table 2, 1A refers to elements of the Intele 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 IEEE 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 IEEE 745) to be

represented in the format specified for the result.

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




None 11 O 64 bits 15 bits | A-32 double extended None 00 1 24 bits 17 bits
full reg. file SP None 01 1 NA NA Reserved None 10 1 53 bits 17 bit's full
reg. fi MOWB33None 11 1 64 bits 17 bits full reg. file DEPCBESIOREHM0% i gnore
64 bits 17 bits full i Lot —L A refors to elenments of the
Intel (r) Architectude, PA-RIS&@refers to| el derndizgidsfIBEE)}eW eft Packard

Architecture, SP st ror—bP_steapga—tfer oubl e
preci sion, and DE stfands for ubl e- ext epded 8?'5‘3331 @E*abl e]l 3 Near est

(even) -Infinity (dqwn) FInfiRrty (up) Z€ro ((i4dd ?%:‘E%vm 01 10 i1

Fl ag sub-fields 260})and descriptions forlthe disclosed enbodijent of FPSR
100 are summarized ifn Tabl e 4.I For one efrbodi riaetaco{IEERE3 i nvehtion, all
status flags are stHeky—bits—whi-ch—istlbe-set—and cleared ekplicitly,
e.g. through a cleaf instructilon. Excepfion Stat&#¥|ags deff ned under

| EEE 745 are | abel ed+EEETT™paremtteses—togrc—mtire—f+oatl ng- poi nt
execution unit that is used to inplenent floating-point operations detects
the various conditions represented by the flags of sub-field 260 and sets
the flags accorie)® eferS & a Sickibitehattil SetfwiRAtdnbpeRal M ah BMdimRBES) t he O
sticky bit if the result generated by a floating-point operation is too
| ar ge ( accéorgiahis copsurmebby7arginstraction. Ancqpeganskis yundmalibed Whbemthe mestci f i ed

(PEen ' b Bentemms ot o e el B fe SRR ol Porntar W ¥ R Ry B

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 available 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 embodimerft, this is indicated by the logic state of the associated mask bit.

T is a hew statue 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 contl_'ol 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 745, 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 1abeled IEEE in Table 4.

| Fig.3isa block level diagram representing a processor 300 that implements 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.

9



8 WO 01/33341 PCTIUSQOQ 25490 Z Zero divide (IEEE) 0 Overflow (I EEE) U
Underflow (I EEE) | .Inexact (IEEE). :T Tiny Here, Drefers to a sticky bit
that i s sewoedi®34nn operand in an unnormalized fornmat is cECIASHY2ZB400an
instruction. An operand is unnormnalized when the nost significant bit of
the operand Roati@pgoim régistesfiled20iincludes regikeis380(1)) 330(ay cbEEdtively, Cleyisterd
that is set when there is an underflow exception for the result of a

f | oat i ng- poi ARV )PicapPTayife sonrqeipperande i exspntaon unt 3 Hhandsregeivg sesult operagds t he
correspondin 1] S RO - | - W ' | b R
operation gegré)ggg}ées?gg&# g@ﬁ?? b frh%?ﬁ ?ngyéérrgpﬁgén glﬁt ?’ﬁ%h&g&r?a@e]&gjﬁu%y SEI‘ hat

can be reprepbtatd il Sonjgndtivh wide FPSRI1©0ex portesliexbétion unit3 10, tFPSK inBMides a | f
the underflow exception is nmasked, e.g. the corresponding mask bit is set,
U is set onl ytinyfexceptiondflagE &9 tragksthp otipiness” of anyregults generated by execnercunit
above, the séﬁée of U depends on whether the underfl ow exception is nmasked
or unmasked er |EEE 745. In the disclosed enbodinent, this is indicated

by the logic state, of the assgci at.ed nmask. bi.t. is a new status flag that
has been defined t eF‘r‘Fb‘f”e‘HEﬁ? rECINeS cation af thg pperatign t‘bh"ep‘“e‘%?fﬁlﬁdr?ﬂﬁt of
the inventio hS; h G 10 ﬁ@,}-n q:,%m?;gm y
an instructi 21?16 fﬁghﬁlﬂ‘gﬁkh‘?’%@?gf‘% 0 égtsflr%ﬁy It 'S |_%%ggg'n eﬁftg&(%?ﬂ{/'ﬂlgb

state of anyrowdés doutce dparandsai dxeehtibrlviit 3 10 fron regisees3300indicared by FEOINSTF0r

t he di scloseg: errb(fdi maat %f the ipvention, it is set when a result is
det er mi ned t &opEherqipjoseq sgbodiment, floalingnoing\ppgratipaymay fequirgdrqr gne tuthrasne

hodi ¢ of ; ; o s . dt
T e i e bR, 18kbeutord ERER I Prodes bk rol{iERt S dndiBed SpdlafpdB ' 2
separate "ti nygistex33pindizatedRytFREINST, te.d. segistbxs380¢n). iRegihier 380¢e) hhpbé one of

exception U under |EEE 745. For this _reason, T is not |abeled |IEEE in Table
4 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 éxample, 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 7435. For the present invention, execution unit 310 may set
a "tiny" status flag, T, in FPSR 100 if the result meets the deﬂnition .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, T'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.
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Fig. 3 is a block |level diagramrepresenting a processor 300 that
i mpl enents a_floating-point operation in accordance with the present’
i nventi SFOOMPBAL shown is a menory 350 to provide instrucPEHRSMS4M ocessor

300 for executi@p. ,Processor, 300 includes a floating-point execution unit
310 and a fl oat ?‘ﬂﬁ-’%“ﬁ%‘°’f(§)g‘rs§l%eé‘re"?ﬁ"¥t é%ancbthmw/t%%@ ped ta dstenmine 90

Fl oat i ng- pQj | L ' ﬂgpﬁ ' .

(collective H;Ehe&rg%%c?gtrl&sds @ggﬁ%dv#% pr Bw g@%‘%ﬂ%ﬁ%&é&%ﬁé@i&gﬂé&%cut i on
unit 310 afthestateofiexceptionl flagdPirdivatts whetlemaa xamaskedrundsiflowddtteption esponse
to a floating-point [nstructjon (FP INST). FP INST _operates in conjunction
with FPSR pedrked Bespite dhe fé%éh%}t%wswt%onéwasm%m&@su%@erﬂqw ny"

exception i i%s ck the "tininess" of any results generated by
execution fﬁ,%?é%n% .kgecution unit 310 receives an indication of the

operation to be perfornmed and the e in leh it is.to be perforned from
PR I NST and FPSH Rg0oRp ’?SPEF""F%MH%B@A’B‘?%@‘?g"ééll’%%‘:ﬁs‘!é’ég’o%‘&F‘QW yegies
executi on yhibathlpdinCinktReibns Rlifdidaed badwcat ed by FP INST. For the _

di scl osed enbodi nent, floating-point operations nmay require fromone to
three source operanddearBRlagut i on urtleaxeeptionlapssincludingsBul t of t he _
I ndi cat ed operation egi ster 330.i,ndi ed FP. LNST, e.g. register
330(n). Register 330:5%5—%? be one 3@“@%@3&@8‘%@@%#’3&5 or it may be a
di stinct register. Bppqution unit 3¥oyRLeo"yrRkesctiditshgCQtaisnifiagessary,
according to the status of the result generated by the floating- polnt
operation. For exanplRP2 execution urexec8t®"NEP imstiuctoreusing 2 satwsdiald) i on
status flags in the status field of FPSR 100 if the result is exceptional
according to one or nore of the definitions under |EEE 745. For the
present invention, eppgution unit 3.(ARNSES insfuctidnVsingSiBdthss bRy, T, in-
FPSR 100 if the result neets the definition of "tiny" under IEEE 745. Fig.
4 is an overview of a nmethod 400 for detecting unmasked underfl ow
exceptions in accordance with the present invention. The status flags are
initialized 410

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 determine

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

The invention has been illustrated using the IEEE 745 standard and a particular
status registei' 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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for the instruction(s) to be executed. For one enbodi ment of the invention,
this may be acconpl.ished by a Clear Flags instruction, which sets al

stat us f|wgeoird34ithe state indicating that no exceptional cegtsosrssdns
been detected. For the enbodi nent of status flags represented by table 4,
the status flodgs sténdddds that Befind exiceptivh donditions différently; depentdity o whethei thes
are then masked 420 ,so that the specul atively executed Instruction(s) does
not redi r ectX¢epkiopismaskedioriunmasked, s inyention iy limited oaly by thescopesefithe 5)
gener ated by pngtruction(s). For one enbodi nent of the invention, this
may be acconﬁkﬁ%ﬁ%ga%?hgsetting mask bits 112 in the trap field 110 to mask
their correspondi ng exceptions. Alternatively, nmask bit TD in control
field 210 naybe set. no mask ‘bit is provided for exception flag T since
its state is not used to trigger an exception handler. 10 WD 01/ 33341

PCT/ USO0/ 25490 The instruction(s) is then executed 430 and the status
-flags are read -to determ ne whether any exceptions have been detected for

t he specul atively executed instructions. The state of exception flag T

i ndi cat es whet her an unmasked underfl 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 bel ow.

Clear Flags (clear exception flags, including T) Set FPSR (initialize FPSR
node, mask bits) FPI (execute 1St FP instruction using 1" status field)

FP2 (execute 2d FP instruction using 2nd status field) FPn (execute nth FP
instruction using nth status field) Read Flags (read exception flags,
including T, to ID exceptional results) There has thus been provided a

met hod for detecting unmasked underfl| ow

12



exceptions for specul atively executed instructions. The nethod enpl oys an ,
exception status flag that may be set by the floating-point hardware when
a resul woepssat ed by an instruction is "tiny". Al excepCrwsos2saous fl ags
are cleared and, for speculatively executed instructions, all exceptions,

i ncluding the un‘%rf.l .exception, are masked. The instruction(s) is
executed and the ?tilﬁ)g/t%éé&cg'pti on status flag is read to determ ne whether

the result(s) geperated an unmasked underfl ow exception. The invention has
been illusthat edgﬂf%q%i‘ﬂjldftoﬁget up%grtﬁo[v%ﬁ?} "S18%d a particular status

regi ster structure to nore fully illustrate its features. Persons skilled
inthe art will reccdedng afststatueflag hod nay be i nplenented with a
variety of nodifications that none the less fall within the spirit of the
i nvention. For exanplmeaskingan wideyflovs exgeption] ag need not be included in a -
floating-point status register. Further, the invention may be applied to 11
WO 01/ 33341 PCT/ USO0/ ekeéithg ofibatingsicimtdastrigtibhat defi ne excepti on
conditions differently, depending on whether the exception is nasked or
unmasked. The inventi@Rdihg thd stithela®n detdbhikdwhehonBe Hoatifepoiappeia@ibn -
claims. 12 WO 01/ 33341 PCIT/US00/ 25490 What is clainmed is: 1. A nmethod for
det ecti ng under f $houldraisp ah shmgsked sinderflomexgeptionst st atus flag; masking an
underfl ow exception; executing a floating-point instruction; reading the
status flag to determ ne whether the floating-point instruction should

rai se an unmasked underfl ow exception. 2. The method of claim1, wherein
maski ng an ginderfhowemsa @ptiagh 1¢wRReirSRaskiseid intrBowresteptioh campfisdsat ed

wi th an underfl ow exception status flag. ]
setting a mask bit associated with an 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 when 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. A method for detecting an underflow exception comprising:
masking an underflow exception;
executing a floating-point instruction; and

setting a status flag if a result generated by the executed instruction is less

than a specified minimum value. .
’ llllll[llllllllllllIllllllllll

*
L '} 5 .



3., The nethod of claim1, wherein clearing the first status flag conprises
executing a clear status flags instruction. 4. The nmethod of claim1,
further cW@M3334lg: storing an indicator when an unmasked uREBUSPYZF490
exception should be rajsed; and reading the indicatgr and junping {o an
exception hafdl er The methed ok claim 5, whereinmasking the SBRstHoR RGN guprises

fl oati ng- poi @;mj[m%%% ic‘i’éﬁrﬂnﬁ iﬁm%ﬁ&g' 5. A nethod for detecting an

under f | ow exceptl ofi coffprisi ig: naski ng an underfl ow exception; executing
a floating-point instruction; and setting a status flag if a result
generated by the executed instruction is less than a specified mninmm
value. 13 /1UVELELLAVELLVLI LI L),/ WO 01/ 33341 PCT/ US00/ 25490 6. The
met hod of cl & m 5,Thme¢t§?$1° 8% Ffurther ARG RCIERERS o gad AprexceRtion if a
executing a f | ' LB . dy isep, further
conprising i #8?@3?%%3{%§%E§§p§ P‘%\y\/lugt%ne%trf%ﬁgﬁl ?E%mpoa?é\stﬁ%ﬁs%gi stration
for the instruction is reached and the status flag-is set. 8. A machine
readabl e nediumthat stores instructions which my be executed by a
processor to inplenent a nethod foy defecting an underfl ow condition

conprising: Smskihgraching seadable medium that siaresigsigagtions whish may e pxeciledya ng

‘he floati nd-no; . L TS . g _

generatod by HoE S ShikEeh O neAR GPhldheininfhitfhn (Ao AL, |

medi um of claim8, further.co risin%grr?egcgi;nqthe status flag if a point
|

of registration for thd M A¥FAE REEPEIPS WP GIDSHYEMOBEt hod of cl ai m 8,

wher ei n maski ng exceptions conprises clearjng status, flags associated with
the floating-point inst§%geqtingtae floating-point instruction; and

-

setting a status flag if a result generated by the executed instruction is tiny.

9. The machine readable medium of claim 8, further comprising reading the status

flag if a point of registration for the instruction is reached.

10.  The method of claim 8, wherein masking exceptions comprises clearing status

flags associated with the floating-point instructions.

11.  The method of claim 10, wherein the status flags include exception status flags as

well as the status flag that is set to indicate whether a result is tiny.

12. 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

14
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11. The nmethod of claim 10, wherein the status flags include exception .
status flags as well as the status flag that is set to 4indicate whether a
result weoisssst 12. A conputer system conprising: a proc®CFHSN2AMNg a
floating-point status regi'ster, the floating-point status register
including a "tigttis Ahg)calenfategfloaihgapointeanlf; landisetithe tisy Sthtug flagifthe nenory
to store an instruction sequence which may be inplenented by the processor.
to clear the tifgatingpoimdestis¥n¥t at us f1 ags, nask the underflow 14 |

FArr treerr rreer rerer rrrrirlr W 01/ 33341 PCT/ US00/ 25490 status flag,
calculate a floating-point result; and set the tiny status flag if the
floating-point result is tiny. 13. The systemof claim 12, wherein the

i nstruct i or8.seqliengstennoiclaint 12 wheode shetinstuction aeguentcéeaunsesithe fprapgssex tept i on
if the tiny status flag is set and . a point of re igtratiﬁf a%soci ated with
the fl oat i aige s prAcEOW greeption ifit CPB&gfﬂE’a.ﬂaw Sef%% 2 ot of retstialeh, 12 |
wherein the fl. lLPE-NOkRAL.: St At i i des a mask. bit which may
be set to mg%z%@.%ﬁﬁ%??{‘%‘%@ﬁ%ﬂﬁﬁ%%féaPﬂ% LT 1IEEEE o et ni
"1l CL S 15 '

14.  The system of claim 12, wherein the floating-point status register includes a mask.

bit which may be set to mask the underflow status flag.
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