DECIMAL FLOATING-POINT QUANTUM EXCEPTION DETECTION ON Technical Field The present
invention generally relates to electronic arithmetic processors and more particularly to detection of
particular arithmetic calculation conditions. Background Information 10Decimal floating point numbers
and floating point numbers of other radices, such as those defined by the IEEE 754-2008
Floating-Point Standard, are useful for performing ¢ertain types of data processing. IEEE 754-2008
standard based processor designs have been created to directly support the processing defined by
that standard. Example hardware formats for IEEE 754-2008 processors include decimal floating point

i a speciied DRCRINFAIGE CHREH o D A VG G BNl ring languages

including Java that support Decimal Floating-Point numbers, sometimes use different length
coefficients, Whig )jsla{%:cprred to as -precision,” with different ranges of exponents than are used by the
hardware upon which the environments execute. 20 Decimal floating-point numbers maintain more
than just the number's value, they also contain information representing the scale of the number. For

instance, agling-oumbers: ifakERpraRent mone v iR FS RS will-9anerallyproduce @.sum that is also

represented in cents. Some software environments emulate decimal floating point number precision
and range RAEFHARY &ATEERIMEPHESHIG BHIHP SeraliBliE Pt 6auEEBS Its that exceed the available
processing hardware precision and range. Such a condition can inadvertently lead to inaccurate
results. Exjsting exceptions, such as inexactness, overflow and underflow exceptions, occur when the
precision &ﬂﬂ%g IBIEPaligBeded, but these exceptions fail to accurately detect all unexpected
changes in the precision or an operation's result. 30

10 Decimal floating point numbers and floating point numbers of other radices, such as those

defined by the IEEE 754-2008 Floatmg-Point Standard. are uscful for performing certain
types of data processing. 1EEE 754-2008% standard based processor designs have been
created to directly support the processing defined by that standard. Example hardware
formats for IEEE 754-2008 processors include decimal floating point data formats that are
i5 32, 64, and 12¥ bits in length with defined coefficients of 7, 16, and 34 digits with a
specified exponent range. Software processing environments, such as programming
fanguages including Java that support Decimal Floating-Point numbers, sometimes use
different length coefficients, which is referred to as “precision,” with different ranges of

exponents than are used by the hardware upon which the environments execute.

Decimal fioating-point numbers maintain more than just the number’s value, they also
contain information representing the scale of the number. For instance, adding numbers that
represent moncey n cents will generally produce a sum that is also represented in cents.

Some software environments emulate decimal floating point number precision and range
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such that some decimal floating point operations produce results that exceed the available
processing hardware precision and range. Such a condition can inadvertently lead to
inaccurate results. Existing exceptions, such as inexactness, overflow and underflow
exceptions, occur when the precision or range has been excecded, but these exceptions fail 1o

accurately detect alf unexpected changes in the precision or an operation’s result.

An example of an undetected potential error is a decimal floating point operation of adding
two seven (7) digit monetary amounts represented in cents. Each of these source data

clements would be an amount in the $10,000 range. Summing these two amounts is able to



An example of an undetected potential error is a decimal floating point operation of adding two seven
(7) digit monetary amounts represented in cents. Each of these source data elements would be an
amount in the $10,000 range. Summing these two amounts is able to lead to an exact result in the
5100.000 range. However, representing the result as cents in the 5100.000 range with seven digits
requires the exponent to not be the preferred exponént, which would indicate cents, and the precision
of the result's value will be correspondingly reduced. Performing the same calculation with more
precision would lead to an exponent indicating cents (10.2) as the scale of the result. Existing

exceptions would, nat.detect.this,|oss ofscais inghe pradused-rpault, Some hardware jmplementations

provide a rough method of detecting he above described case. In one example, data is checked to
determine if tHe"hYS St &l gt ant tigitis HERZE8I TOSH SRR B &R 19 dVeriraitatior tiatithe result
may not havgithe peefieried expenenthecause somescsurateresulis would esultipmidalse positive”
indication. This approach effectively redgce?‘ the useful precision for emulation by one digit since the
most significANt gt 1§ EEY s B IHCAIEY BF Poteti S SR of SCRIE B FhisrersTé" CaRUTaRon
accuracies aneilimiteddysnotdeiecting oexpected changesinscaldcok predision efidecimal floating
point result rggfucefi tﬁytgro%egsor formgtting limitations. U. S. Patent Publication Number

2008/027058°0r “Detection’o puc‘):tcednii%}] need to use a larger data format in performing floating point

operations” filed April 27, 2007, teaches 20detection of whether a result of a floating point operation is

safe. Charaglefistics Qf the feaill-arg cxamings o, deiarming WHEIDREIS [RSIILLS. $ale grfotentially

unsafe, as defined by the user. An instruction is provided to facilitate detection of safe or potentially
unsafe resulgsau IsomateHtNarAber 589k ed P fdite MetHotraneappaifuy Behardtihgdverflow and
underflow inpegcessing laatingreintmumbershdiled: Paremberd9 1Ofsidsaghes.adnethod for

processing floating-point numbers, each floatin%@)oint‘pur_nber‘,h.avjp,g at least S}%)n portion, an
exponent potiioH g ACHSHieSd P FioHOHERRHEIRG tHe &8 BT ColistiRg: & ‘aalm?j%iht number
memory regigtesiaprasentation iedfloatingpaint registenrepresantation: s auwnding dheaiceaverted

floating-point.number; performjng an rithmetif: 30c P tation upon said rounded number resulting in
- digt is scg as an indicator of potential loss of scale.
a new floati g‘épo]n valie; an

I5 Therefore, calculation accuracies are limited by not detecting unexpected changes in scale or

precision of decimal floating point results produced by processor formatting limitations.

U. S, Patent Publication Number 2008/0270508 for “Detection of potential need to use a
larger data format in performing floating point operations™ filed April 27, 20607, teaches

20 detection of whether a result of a floating point operation is safe. Characteristics of the resuit
are examined to determine whether the result is safe or potentially unsafe, as defined by the

user. An instruction 18 provided to facilitate detection of safe or potentially unsafe results.

U, S, Patent Number 5,892,697 for a “Method and apparatus for handling overflow and

25 underflow in processing floating-point numbers” filed December 19, 1993, teaches a2 method
for processing floating-point numbers, each floating-point number having at least sign
potiion, an exponent portion and a mantissa portion, comprising the steps of converting a
floating-point number memory register representation fo a floating-poimnt register
representation; rounding the converted floating-point number; performing an arithmetic

30 computation upon said rounded number resulting in a new floating-point value; and
converting the resulting new floating-point register value to a floating-pomt memory register
representation. An apparatus for processing floating-point numbers comprising means for

converting a floating-point value from a random access memory register to a floating-point



converting the resulting new floating-point register value to a floating-point memory register
representation. An apparatus for processing floating-point numbers comprising means for converting a
floating-point value from a random access memory register to a floating-point unit register; means for
selecting the type of accuracy required of the converted value; means for selecting the type of
rounding required of the converted floating-point valu&, meat performing an arithmetic operation upon
at least one converted floating-point value based upon said selected accuracy and rounding; means
for chopping the result of the arithmetic operation to fit a mantissa portion of a floating-point value: and

means for CW?FQ@%H%&%'FH}Q;Jl9€HQM&’@M&@@%QJ!Q_,%‘@QH%‘@QM&%%%;(E:P'?ﬁé%{?,taﬂon to

the random access memory representation. U.’S. Patent Publication Number 20040268324 for
-.Method and Hparats Frithe enitiation Tovfkigh pre cRIGH ety Boft mstlstisierfiey
December 2,,2003xtgaches@-high precision feating Reini-emulaten d:agspeiates methed for
emulating subject program code on a target machine where the subject machine base operands
possess a diffePBAt BreChish e et et hEEhiHE F N HigK DIRSCISfoiT Htinopdi it B Hitlator is
provided for theretudlasianohsujecharagram: chdd-dpsisiations: havdingeankighenprecisiorhthan that
supported 15by, the target machine arcitecire by ilizing intermediate calculations haying values
with a higher precision than that supporte Ey the ar‘gg?lmac ine. Theretore there Is & need in the art
to address theaforementionptroiiem. 20SUMMARY In one preferred embodiment, a method for
detecting processing exceptions includes a processor accepting at least one decimal floating point

operand and performing a decimal floating point operation on the at least one decimal floating point
operand to ptodudeiane Bkt s fdaTRg POt FeatAE N e teitipration dBniTatie &s teewhetidbpthe

degignal floating, paintdesult failsite maintain-a-preferned guantm. Theprefered guantum indicates a
defined value represented by a least significant digit of a significand of the decimal floating point resuilt.

In response 1§ tHERR IS RG T APTHE R AT WO PO S8 AMIERE S HERRERRHE PSS red
quantum, anLipLiss pravidedvingicating e OERUHIRR68s0hAGAANHRIseXCeRlRRent precision

than the target machine. The high precision floating point emulator is provided for the
emulation of subject program code instructions having a higher precision than that supported
15 by the target machine architecture by utilizing intermediate calculations having values with a

higher precision than that supported by the farget machine.
Therefore, there is a need in the art to address the aforementioned problem.
20 SUMMARY

In one preferred embodiment, a method for detecting processing exceptions includes a
processor accepting at least one decimal floating point operand and performing a decimal
floating point operation on the at least one decimal floating pomt operand to produce a

25 decimal floating point result. A determination is made as to whether the decimal floating
point result fails to mamtain a preferred quantum. The preferred quantum indicates a
defined value represented by a least significant digit of a sigmificand of the decimal floating
point result. In response to the determining that the decimal floating point result fails to
maintain the preferred quantum. an output is provided indicating an occurrence of a quantum

30 exception,



4 In another preferred embodiment, a system for detecting processing exceptions includes memory
and a processor communicatively coupled to the memory, The processor includes an instruction
processor. The instruction processor accepts at least one decimal floating point operand and performs
a decimal floating point operation on the at least one decimal 5floating point operand to produce a
decimal floating point result. The processor also inclutles a quantum exception detector. The quantum
exception detector determines, in response to the instruction processor performing the decimal floating
point operation, that the decimal floating point result fails to maintain a prefened quantum. The

preferred quaptumvindicating a defingd value yepressnied by alrast significant Aigit.of asignificand of

10the decimal floating point result. The processor further includes a quantum exception response unit.
The quantuniERUBHGH FEEPETISE GA PIOVIGEES Th espehiets tREiantuih BReephib ae&etor
determining that.the: decimal-loatingnoiniresids fadsdamaiatain the preferred gquantumaan output
indicating a quantum exception. The quantum exception. occurring in response to the decimal floating
point resul b 5 HEH PG RS S OATRIROTH ARG St BehBBAREM s computer
program prodisetitqr gete oiing:pt acessing-extetion§dacligdesna statagehmpedicinseadable by a

processing circyit.and storing instructions. for execution by the processing circuijt for performing a
ethoo. The oA BT s e R e B eh S B T evtonming a
decimal floatingppuintogeratbncdnitmeoatdemgeoiendecithalfloatind going oparamdtoiprothice a

decimal floating pointissyli ASIRTIURRION IS Made.As. 0 whether,ihe decimalfigglng point result

fails to maintain a preferred quantum. The preferred quar:%m indicates a defined value represented by
a least signifitéit iyt Sratisignificarg SRt eEEREeS Stngapoiiesuit dHiesporiss fes thd of
detgrmining thatsthe-decimahiortingReint reswifailsdormaintain ihe; Rreferias duadien, an output is
provided indicating an Qccurrence of a quantum exception. Vieyyed from a fu_rther aspect, the present
invention pro\iteS% EBHpLRE BB LT SEEHAT BHRYBECSH! BiRsi e a s MRt S i Wdable into
the internal reerepriy0f a-digitateomiplie theamptising: sofwate eadepoltans ywaensaidiarogram is
run on a com _u}e_r: Eprlperforming the steps of the invention. . . :

;ec erred quantum, an Sutput indicating a quantum cxception. The quantum exception

occurring in response to the decimal floating point result faifing to maintain the preferred

-

15 quantum.

in another preferred embodiment, a computer program product for detecting processing
exceptions includes a storage medium readable by a processing circuit and storing
instructions for execution by the processing circuit for performing a method. The method
20 includes accepting at least one decimal floating point operand and performing a decimal
floating point operation on the at least one decimal floating point operand to produce a
decimal floating point result. A determination 1s made as to whether the decimal floating
point result fails to maintain a preferred quantum. The preferred quantum indicates a
defined value represented by a least significant digit of a significand of the decimal fioating
25 point result. In response to the determining that the decimal floating point result fails to
maintain the preferred quantum, an output is provided indicating an occurrence of a guantam

exception.

Viewed from a further aspect, the present invention provides a computer program stored on a
30 computer readable medium and loadable into the internal memory of a digital computer,
comprising software code portions. when said program 18 run on a computer. for performing

the steps of the invention.



5 Brief Description of the Drawings The present invention will now be described, by way of example
only, with reference to preferred embodiments, as illustrated in the following figures: FIG. | illustrates a
computer processor, in accordance with one preferred embodiment of h present invention;
illustrates a decimal floating point operation exe ution n accordance with one 10preferred embodiment
of the present invention, and FIG. 3 is a block diagram illustrating an information processing system

according to one preferred embodiment of the present invention. DETAILED DESCRIPTION As

FIG. 2

required, detailed preferred embodiments of the present invention are disclosed herein; however, it is
to be understgagithal thpcliadpardmraierad embodiments are merely examples of the invention,

which can be embodied in various forms. Therefore, specific 20structural and functional details

disclosed herein are not to be interpreted as Iimitin%, but merely as a basis for the claims and as a

representative 5 &S T8 ToARHMg Oh dLkie dsirtive

XSGRRE G BIR Sy thE hrelsemsniention in

virtually any apgteptiatehs detaded-stiuciuieand furstionifufthess the terms and phrases used herein
are pot intended to be limiting, but rather, to provide an understandable description of the invention.

The'w

IS -a" or "an" as used herein, are defined as one or more than one. The in plurality, as used

herein, is defiiiéd lag!tatoats morethan tvwoeskhe temradotitery ab usepttfenein cisbddfmect as tat least a
second or m g,%e'gp%%@&including and/or having, as used herein, are defined as comprising (i.e.,

open language

30

. The term coupled, as used herein, is

FI1G. 2 illustrates a decimal floating point operation execution, i accordance with one

preferred embodiment of the present invention; and

FIG. 3 18 a block diagram illustrating an information processing system according to one

preferred embodiment of the present mvention.

DETAILED DESCRIPTION

As required, detailed preferred embodiments of the present invention are disclosed herein,
however, 1t is to be understood that the disclosed preferred embodiments are merely
examples of the mvention, which can be embodicd m vartous forms. Therefore, specific
structural and functional details disclosed herein are not to be interpreted as limiting, but
merely as a basis for the claims and as a representative basis for teaching one skilled in the
art to variously employ the present invention in virtually any appropriately detatled structure
and function. Further, the terms and phrases used heremn are not intended to be hmiting, but

rather, to provide an understandable description of the invention.

The terms “a” or “un”, as uscd herein, are defined as one or more than one. The term
plurality, as used herein, is defined as two or more than two. The term another, as used
herein, is defined as at least a second or more. The terms meluding and/or having, as used
herein, are defined as comprising (i.c., open language). The term coupled, as used herein, is

defined as connected, although not necessanly directly, and not necessarily mechanically.

The system and methods described below inciude a decimal floating point processor that is

able to generate an exception, referred to herein as a “quantum exception,” when a result of a



30defined as connected, although not necessarily directly, and not necessarily mechanically. 6
decimal floating point operation does not represent the preferred quantum, such as the preferred
exponent as defined by the IEEE 754-2008 standard. This is especially useful for software or
programming languages that support a decimal format that has a greater precision or range than the
hardware upon with it executes because it allows detéction of processing that exceeds the hardware
format. In the context of the present discussion. "quantum” refers to the "units" of the least significant
digit of a floating-point representation. Previously defined floating point exceptions detect some

processing inaecHIagios; Ul AR BALEOMPISISIY Aelgal e fRse-pha-d Quasulh of adecmal floating

point operation that has a representation of its scale or exponent that is not the preferred exponent. In
other words, Bxi§titg fouting! Foitit 8xeditidd dotnot toiplstaritdidate therusd brasdecifial floating
point operatiggrestithab dagsiot havedhe exponantthat-weuldhave heen.created.if there were
greater precision in the processor to represent the coefficient. The IEEE 754-2008 standard defines

the value of &SFETEMEH TBEURATLIN BUE HEESREE dafihe AiTeXTERtGH ol ALY SERREAHG UL preferred
valug in the resulisof decimakeating-hpaintap@rations. The quantum exception of the methods and
systems described below is defined to have a similar control as other IEEE exceptions. The quantum
exception also has an associated mask, flag, and exception code. This allows programming languages
with differentlprécisionsiand rangesntoibevessily emulated wiethe steridardizet20forynats and provide

full pfecisionﬁﬂ%@ﬂ@%@fttgﬁafﬁsmﬁxt%&%- .%%smgo%nws&?ﬁvemras%%h@grgswhe quantum

exception event of one preferred embodiment occurs when a decimal floating point operation produces
a result that i&<PeDIsd! ee el apmperr AT B hesevRe Tavia DSmiplariantadbni inel daesdgpatate events

called Roundeg,ang ClampechdhengyRMHRperation that has a representation of its scale or exponent

that is not the preferred exponent. In other words, existing floating point exceptions do not
completely indicate the case of a decumal floating point operation result that does not have
the exponent that would have been created if there were greater precision in the processor to
represent the coefficient. The IEEE 734-2008 standard defines the value of a preferred

i5 quantum, but does not define an exception for not achieving that preferred value i the result
of decimal floating point operations, The quantum exception of the methods and systems
described below is defined to have a similar control as other IEEE exceptions. The quantum
exception also has an associated mask, flag, and exception code. This allows programmming
languages with different precisions and ranges to be easily emulated on the standardized

20 formats and provide full precision and range of the formats while detecting unexpected

exponent changes.

The guantum exception event of one preferred embodiment occurs when a decimal floating
point operation produccs a result that is rounded or clamped. Although some Java

25 implementations include separate events calied Rounded and Clamped, the quantum
exception of one preferred embodiment essentially indicates that the precision or range of
the result has been exceeded. The quantum exception reporting mechanism in one preferred
embodiment 15 controllable and has a mask bit to control the action resulting from assertion
of the exception. In one preferred embodiment, a mask bit is dedicated in a processor’s

360 Fioating-Point Control word (FPCY to mask the quantum exception from trapping to the
program cxception handler. When the mask bit 1s one and 2 quantum exception occurs, the

result of the decimal floating point operation causing the exception is written into the



exception of one preferred embodiment essentially indicates that the precision or range of the result
has been exceeded. The quantum exception reporting mechanism in one preferred embodiment is
controllable and has a mask bit to control the action resulting from assertion of the exception. In one
preferred embodiment, a mask bit is dedicated in a processor's 30Floating-Point Control word WPC) to
mask the quantum exception from trapping to the program exception handler. When the mask bit is
one and a quantum exception occurs, the result of the decimal floating point operation causing the
exception is written into the 7 Floating-Point Registers (FPRs) and a code identifying the exception

type is writtegyin i€ ploating:-Reint Gany ol word 4F E@t?ﬁ%@x@[ﬁ’@@@%ﬁ?&%%ﬂe@sié»H@&P&ﬂtﬁQ the

program interrupt‘handl_er._y\men the mask bit is not set, the quantum exception flag, which is a sticky
flag, is set and 5 tEalristakeRCPreferE B et BifvEHTS BF tHEBredERTTHVENis Y GFErate with decimal
floating point;pdmbens.igecimahfipatingipeint numbenasdefined.Ly.yaseus standards, including
|IEEE-754-2008, has three components: a sign bit, an exponent, and a significand. The magnitude of
the number, WHISh &%/ dRstgAEd Al % e product of the significand and the radix 10 raised to the
powser of the exponent. In a decimal floating point number, the radix is ten (10). The sign of the number
is positive or negative depending op whether the sign bit is zero or one. respectively. The significand
2 an impiidd VA0, FOIL AR LR AR SR YRTER IS APSLEHSRCTER DAL, of the floating
point datum isubgiery- appkedn# rédenredpembodirnents &ff thal presentinventodyepresent deEimal
floating pointympersyth ALkt ia ere, e daRimast digihatihe siopllicand s fhe units
digit and the radix point is implied to be immediately to the right of the ‘entire significand. 20FIG. 1
illustrates a cOSUTERPRbCEYISHI PO Geebrdlscs WithBragp ettt et embadimerihoradix
10 raised fo the power of the exponent. In a decimal floating point number, the radix is ten
(10). The sign of the number is positive or negative depending on whether the sign bit is

zero or one, respectively.

The significand has an implied radix point, and its position depends on which interpretation,
5 or view, of the floating point datum is being applied. Preferred embodiments of the present

mvention represent decimal floating point numbers with a right units view, where the

rightost digit of the significand is the units digit and the radix point 1s impiied to be

immediately to the right of the entire significand,

26 FIG. 1 ilustrates a computer processor 100, in accordance with one preferred embodiment of
the present invention. The computer processor 100 includes an instruction processor that
includes a decimal floating point unit 110, floating point registers 108 and program
controlier 124, The decimal floating point unit |10 receives decimal floating point
mstructions from a program controller 124, which recerves program instructions stored i a

25 program memory 152, The decimal floating point instructions issued to the decimal floating
point unit 110 include, for example, instructions specifying data conversion and/or decimal
floating point calculations fo perform on onc or more decimal floating point numbers. The
decimal floating point unit 110 accepts decimal floating point operands by reading decimal
floating point data from one or more source registers within the floating point registers 10X,

30 performs a specified decimal floating point operation, and stores the result into a destination
register within the floating point registers. Data is generally exchanged between the floating

point registers 108 and a data memory 156,



the present invention. The computer processor 100 includes an instruction processor that includes a
decimal floating point unit 110, floating point registers 108 and program controller 124. The decimal
floating point unit 110 receives decimal floating point instructions from a program controller 124, which
receives program instructions stored in a 25 program memory 152. The decimal floating point
instructions issued to the decimal floating point unit 140 include, for example, instructions specifying
data conversion andlor decimal floating point calculations to perform on one or more decimal floating
point numbers. The decimal floating point unit 110 accepts decimal floating point operands by reading

decimal floatifg. pointoaka fram ang {?ﬁ.f%‘?’éﬁqég%{*‘c%ﬁ%ﬁﬁﬁﬁn\%miB&Q&Hﬁ%ﬁ%%@&l@%’%@gi,SterS 108, 30

performs a specified decimal floating point operation, and stores the result into a destination register
within the flo8fiHE PRt Hagistars nmapaTisgereralyoekehane d peterthey fioating Hefskrégisters 108

and a data meemoyy oP=rEbesdecimat floating peintamit.of ong preferred smbediment performs
operations on decimal floatin}%point numbers according to applicable floating pointgrocessing
s

standards, sQER @ tHBAREETPEAPSH08 HIGAHRY-POHE SPONARETTHE drraktliFrlaItaesst e source
opesands that-gireithe ppetsctca-sleaimaldigatiog peintapeiatiomaiel generdypubasisdor defining a
preferred quantum as ef_inted ph)( E#F relevant st tn_d%[d. fo,r§ e output of thai?geéatigrll. Duzlﬁﬁ
available pre%‘i’s?félﬁ%'t ea%é}c'ilr%aﬁ o4 |Ir€f§§:68?n Munit T80 the Vall SBPHE'SOUTCE %ﬁ%?ﬁeﬁé’ t'%1y
produce a resultdhaphrasda gaamtaduthatriswdiffesehdfromdiverprdfe ised fiueamt tiom Tiepgefantuim of the
result may change from th ferr antum due to, for example limited hardware precision of the
decimal floati % %%Iiﬂht E}rl}%t %]fp é%l’\%to %gjt?sg(%ui%@g U nC ﬁ% Lo?{ﬁ]r{}e%r}}‘rcl 5 crﬁgirercc()} r }lﬁi anﬁrensel?ftsstg’f ?%re specified
operation. Diffefenice ST e et tHecquititing Har dwara plesisiemendupretisiomofashvare
arcfytectures earROMIRg deoimakfl %QP&MPB%MKH@&]%Q %IQ%ESF? dRMdhislass. Rl gantum

detection mechanism allowing software to detect when there is’a need to switch from hardware
precision to SATHAINY AGRERBRIERI WIS Brivicis el BerrotitaHee Bptimfpseriplerisittion 15
The decimal fieating-print i diO.ef erecRefsred RRkAdinenhincivdes - aLamum exeeption
detector 112. Téw_g%l:an um exﬁ%gﬁ)n detector 112 ,dega{cts thg_ﬁcgu"rrenc,@, of a result produced by a
decimal floatiig pdi foo%‘é?ﬁtti% FhtFRE & AN TAAL IS BRSPS fr B tHE L FFeH BBantum, where

the preferrechhanturaiisoa, definegrealdes thati®rmance optimized implementation.

I5
The decimal floating point unit 110 of one preferred embodiment includes a quantum
exception detector 112, The quantum exception detector 112 deteets the occurrence of a
result produced by a decimal floating point operation that has a quantum that is different
from the preferred quantum, where the preferred quantum is a defined value that is

20 determined, for example, based upon the values and/or quantum of the source operands.
Differences between the preferred quantum and the quantum of the result of a particuiar
operation are able to be caused by, for example, a hardware overflow or underflow condition

caused by the actual values of the source operands.

25 The quantum exception detector 112 of one preferred embodiment asserts a “quantum
exception” to indicate that a result produced by the decimal floating point unit 110 has a
guantum, or exponent, value that 1s different from the preferred guantum value. The
assertion and processing of the quantuin exception of one preferred embodiment is similar to

other floating point processing exceptions. Assertion of the quantum exception n one

2
o2

preferred embodiment is reflected in the quantum exception flags 122, which are maintained

by the floating point unit 110 of one preferred embodiment and are able to be changeably



20deteintined. for example, based upon the values and/or quantum of the source operands.
Differences between the preferred quantum and the quantum of the result of a particular operation are
able to be caused by, for example, a hardware overflow or underflow condition caused by the actual
values of the source operands. 25The quantum exception detector 112 of one preferred embodiments
a "guantum exception" to indicate that a result produced by the decimal floating point unit 110 has a
guantum, or exponent, value that is different from the preferred quantum value. The assertion and
processing of the quantum exception of one preferred embodiment is similar to other floating point
processing exceptions. ' the.qy .excention in.one 30prefe odiment is
efloctod i (e e ey e e ek 110 of
one preferred&inbotiprientantarssie to be changeably assigned an exception code to identify the
decimal floating point exception being asserted, such as the quantum exception. One preferred
embodiment of the present invention su?ports controlling the action taken in response to an assertion
of a quantum BXERGH by e GIAR G EXEEHRIBANISIE S PO e iHrdiar By afHBbMHENEof the
present inventigRimaintains RAieXeERtiRR oML Epaister, 106 JhatineludepRneiokmare iexception
control masks that are changg ly assi

ned a set or nat set state. In one preferred embodiment of the
present invertisnP THE oL REEB Al R g@%?fﬁfﬁﬁﬁﬁﬁ%ﬁﬁ CERPSIIEE EBE) S8R et of the

exception cont®lragistexdOemde Teecexceptieonccantrbheagistien 106calowshiorexamplessetting
masks to contrQISr(;g‘p%nsIes to varjiousdfleoa%&g nggﬁg}ét} %éce tions. such as Bhe exceBtions}d fined by the

IEEE 754-2008 standard. 1n addition to allowin fifition o 1%%?, S To]reé%}g%‘ i6ns defined by

various standardsnoiieipréfertad emboditient of therppesenthinvastivnrinohuddsarsaddiffonal mask bit |
Stoygontrol the processing that occurs in response to an assertion of the above described quantum
exception. in one preferred embodiment, if a quantum exception occurs when the quantum exception
mask bit assififeer &CREPR R thE siftein B¢ HERE BT SUHBRE DiP HHE At &P AIOREMG BORRGRIE which

has a quantup,giffereatithan the-prefeniad uRatum. ds aritten tethearssult registes4.2@4r the floating
point registers 108 and the program controller 124 is signaled tg trap the execution of the program to

the program'SSRERtPHEGISE 1 M8 Girar G ERptish Bess O URErPHS YT £ X85O mask bit
is assigned asfetsek stateyrafeuantuboexeeptioniflag 322 is sattas tslicky flagdandthepiogeam

execution continu so}/\ﬁ;chout a trae%%e)ag% %Egggam's |nterrugtag%%qéer§rb;l'&g j'gtlck)é fla b guantum

. 00 S Processin IS response 1o g v anove SC
exception flag £32iR one’pretarr odiment remaing Set'durng processing of subsequent

instruc_tions tqwﬂawaf@_rcdgfeﬂeﬁﬁdmtepﬁrﬁmﬁ gndd&i@c@&dﬁmgspncuessmtﬁmespmsehm thee quantum
exception aftgr executon of At SegLe0s6:Qk 'Dettueliong Jollowing Lhe aegHIENGSRf dhe quantum

exception. _ ‘
decimal floating point unit, which has a quantum different than the preferred quanturn, is

written to the result register 120 in the floating point registers 108 and the program controller

20 124 1s signaled to trap the execution of the program to the program’s interrupt handler. If
the quantum exception occurs when the quantum ¢xception mask bit is assigned a not set
state, a quantum exception flag 122 is set as a sticky flag and the program execution
continues without a rap to the program’s interrupt handler. The “sticky flag” quantum
exception flag 122 in one preferred embodiment remains set during processing of subsequent

25 instructions to allow for deferred detection of, and the resulting processing in response to,
the quantum cxception after execution of that sequence of instructions following the

occurrence of the quantum exception.

One preferred embodiment of the present invention provides an additional control field in
30 some machine code instructions to further control detection, and the action taken in response
thereto, of quantum exceptions. In onc example, some machine language instructions, such

as decimal floating point machine language instruction, nclude a quantum exception control



One preferred embodiment of the present invention provides an additional control field in 30some
machine code instructions to further control detection, and the action taken in response thereto, of
guantum exceptions. In one example, some machine language instructions, such as decimal floating
point machine language instruction, include a quantum exception control 10 bit (XqC bit), or a
quantum exception control field, in the machine langlfage instruction text to enable quantum exception
detection individually for those instructions. Examples of such instructions include, for example, a
Convert from Integer instruction, a Divide instruction, a Load FP integer instruction, a Load Rounded
instruction, g, MultiRiv,instuctiom #-QuUaRHZEHRSHHSIoN 2 RETOMASHIASIHCHAD. BsSHbi@ctnstruction,
and the like. Including quantum exception control bit or field in individual instructions enables the use
of the same IRSHISGCHA HFFETERHTAYS 5 Rtdet SMat U BB G a ATt ERE e JHGHE K & bREVides
flexibility in detectingrinexactrestl-exgeptions: Hexibilityrin detectinginexaotdOresuliexseptions
allows perform[ngFQi erent gﬂrr%ocessing :ﬁ/h‘e an arithmetic o erg%) s e?_xE)%ctetd to produce a result
with, for exafrPie "impiitLoRvErsidh b 85%%%% ConVERIER BE Y eeh Hhata Ty pes 8 wheh An ‘Srithmetic
opefation resuits:imicforadi@mple;floarand, eethbperatichsasdefidetedykwarious software programming
languages. An example of an environment where unexpected implicit conversions may occur is a case
where software decimal floating point implementations are emulated with greater precision that the
hardware upealwhichathe:soimvare rixeicotagolb v et asadibislsoftprateenvirament dased upon its
greater precigion, defermings.thaf,therspaeified caleulaiiop.isaRledo, MARIAIN s BIRfeRed quantum.
However, the hardware, which has less precision, must round the result and an inexactness condition
is unexpecteIRVEfeAlHBIEY. IMAWRIEIE the*SHERStHESer HBUItG DR T dkSiEResiRverions, e.g.,
chepping offbits shawsbhotnesulbinreHenRAIITEgRM QXEGUHM N A cAseretianieplielt conversion
between data types_of which the programmer would not be aware, then the inexactness should be
detected and HIGGFAR BTG SHIUIA b SIS Hr (HRLCASe SIS RiexRMHbSeTS Biid component
of a quantumdesseradidifional contio is:pravidedcinmeneipretenied erfibedimeht MooatrdLgliantum
exception deteptjgn, and dtt}e gdr%%e‘;as;n esponses t{(;)_ﬁtnhﬂem occurrence of {hose guantum exceptions, on
an instructioﬁ%é‘isfgﬁn‘”on(“eIBrefe‘rre embodiment, the control fietd of thé Selectad decimal floating
point instructionsctivatis whed tocortiol othgreixaeptionsnisrexparieds to @lsordkooddtay gyantum

15 decimal floating point implementations are emulated with greater precision that the hardware
upon which the seftware executes. In such a case, the software environment, based upon its
greater precision, determines that the specified calculation is able to maintain the preferred
quantum. However, the hardware, which has less precision, must round the result and an
inexactness condition is unexpectedly encountercd. However, the “inexactness” resulting

20 from explicit conversions, e.g., chopping off bits, should not result in altering program
execution. In a case of an implicit conversion between data types of which the programmer
would not be aware, then the inexactness should be detected and program execution should
be altered for that case. Since inexactness is one component of a quantum loss, additional
control is provided in one preferred embodiment to control quantum exception detection, and

25 the processing responses to the occurrence of those quantum execeptions, on an instruction

basts.

In one preferred embodiment, the control field of the selected decimal floating pomnt

instructions that is used to control other exceptions is expanded to also encode a quantum
30 exception control field including quantum exception control bits (e.g., XqC bits). In one

example, the quantum cxception control bits (XqC bits) arc encoded into a Rounding Mode

Control field (RMC) of the selected decimal floating point instructions. The RMC field of



30exception control field including quantum exception control bits (e.g., XqC bits). In one example, the
guantum exception control bits (XgC bits) are encoded into a Rounding Mode Control field (RMC) of
the selected decimal floating point instructions. The RMC field of 11 one example is a four (4) bit field
where values equal to 0 and 8 through 15 had been previously defined to control exceptions
associated with particular explicit rounding modes. I this example, the quantum exception control field
of one preferred embodiment is allocated to values of the RMC field equal to 1 through 7. Values of
the RMC field equal to 1 through 7 enable quantum exceptions and pick specific rounding modes for

these values, 2etling the RMG flali,af thesemeleciad ingiietions i values:of0,04 Bhrough 15 results

in no detection of quantum exceptions when those instructions are executed. RMC field values equal

to a value of I ¢HiStGhIPIReVeEn FRISEIE T HEte TR B G RNt BXEE StiBRS HRYEBR & ERting

altering of the,pregramexeaution: i RIGRilllstiates medesimal feating paibt@penatien execution

200, in accordance with one preferred embaodiment of the present i%ent'on. The %e%%ﬂnal floating point
%y i

operation ex8tHTRCIBOBEGING By RodiVing, 209, A d8tiidl fivatiy Yokt dperAich ALt igtion for
exegution by jaiglecirnal flodting.painh unit:pO2nd nroneqrefertéd rembadimedtsthe teseivetidsSdecimal
floating point operation | ction s part of a program.stored in program memory 152 and is received
by the prograsrﬁaé%érlél]fggfﬁi%f%f?&)%Cpﬁggr?ﬁgd{:%g%%]rofﬁ& ﬁg%f’og(fgﬁn’{gﬁm%ﬁeﬁﬂff lﬁ}gss Ues the
received decimatflosting fopimttoperatipninstelictiohots arstesinvab floating woiht Rkt 1fiddorkrecution.

In one preferged, embediment, the decimalleating.paink pstuglion:spesifies.aistsaurge operand,
Operand A 10 , and a second 20source operand, Operand B 104 Although these two source

operands aredfiastrandtas! residing e tHeHoatgPoORit registers 108, various addressing modes arc
ablgyto be used to specify source and destination operands that are located in various locations, as is
understood b @rac.titiqners of ordinary skill in the art in _light of the present discussion. The processing
continues byéadinvstt4 Re T BRSO AIRE P SXERYARTEY; MFTRudnGg, BE268E the
second sourge-ppeIaRRLRPeEAN Bhl e Rrefered embadinenis aablertonaegeptione or more
operands into an mstrg@glt n pro essor_througlt}f@gyé rguét%%lledgﬁans. The preferred uantun}for the

result to be protiesd eratVeddetima DOt SR E TS R G e af 208. In
one preferred-embedimentcthe pridetredpgirantuim 8. In one preferred embodiment, the received

15 decimal floating point operation mstruction is part of a program stored In program memory
152 and is received by the program controtler 124 of a computer processor 100. The
program controller 124 issues the received decimal floating point operation instruction t a
decimal floating point unit 110 for execution. In one preferred embodiment, the decimal
floating point instruction specifies a first source operand, Operand A 102, and a second

20 source operand, Operand B 104, Although these two source operands are 1llustrated as
residing in the floating point registers 108, various addressing modes are able to be used to
specify source and destination operands that are located in various locations, as is

understood by practitioners of ordinary skill in the art i light of the present discussion.

25 The processing continues by reading, at 204, the first source operand, Operand A 102, and
reading, at 206, the second source operand, Operand B 104. Preferred embodiments are able
to accept one or more operands o an instruction processor through any suitable means,
The preferred quantum for the result to be produced by the received decimal floating point
operation is then determined, at 208, In one preferred embodiment, the preferred quantum is

30 determined based at least in part on the values of the two source operands, Operand A 102

and Opcerand B 104,



30determined based at least in part on the values of the two source operands, Operand A 102 and
Operand B 104. 1? The decimal floating point operation specified by the received decimal floating
point instruction is then performed. at 210. A determination is made, at 212, if the result of the
executed decimal floating point instruction maintains the preferred quantum for that result. 5If the
result of the decimal floating point operation failed to!faintain the preferred quantum, the processing
continues to determine, at 220, if a quantum exception control mask is set. As described above,
various preferred embodiments provide one or more control masks to affect the result of an

occurrence Oﬁ?c(?llég%h'lr?lc%ﬁ%%iﬁﬂt \JensTalQUANIU gxceptiol %@H&lﬁrﬂéﬂﬁé ARlg to be setin an

exception control register 106, or a quantum exception”10control bit or field is ableto be encoded into
individual deé&ialctloating poist riarking ldAguagedrstrataans Mida. easeloffdhedeiviy fulatum

exception coptral,RitssintenindividualipsiructioRacPne: pieieried sambedimentreads the auantum
exception control bit, or mask, that is encoded into the machine language instruction and uses that

value for the duration of the execution of that machine language instruction 15 If the quantum

excgption maskisreleteanined: andPoiahepsals therprosessal staigs:at 230 teresyllehthe decimal
floating point Oé)era@imqn into a result o _dgstinati,oqlgcaftion 120. such as the reSlIl|t register 120 of the
floating point FEQISKETE RS I GUAHTIT BRE e Btion 1! iAIEAET 5 SR B SR TS tﬁg‘}grb"g?%fm controller
124 causing a4drapcidtca3d oot progranmtfexeteibodiontne prograne'scintenuptchamadleraskthe quantum

exception mask is fletermingd, at. 220, 10,09t e sel, Ine Ayanium xcenfign.does not cayse a trap of

the program execution but rather the quantum‘exception |§ ngf[ed %er %llfier processing. Irﬂhe case of
the quantum axteptioninragi beihg seipthre Processipgpopbrsgiser 106, or a quantum exception

10 control bit or field 15 able to be encoded into individual decimal floating point machine
fanguage mstructions. In a case of encoding quantum exception control bits into individual
mstructions, one preferred embodiment reads the quantum exception control bit, or mask,
that is encoded into the machine language mstruction and uses that value for the duration of

the execution of that machine language instruction.

If the quantum exception mask is determined, at 220, to be set, the processor stores, at 230,
the result of the decimal floating point operation into a result or destination location 120,
such as the resuit register 120 of the floating point registers 108, The guantum exception 1s
indicated by an output to the program controller 124 causing a trap, at 232, of program

26 execution to the program’s interrupt handler.

If the quantum exception mask is determined, at 220, to not be set, the quantum exception
does not cause a trap of the program execution but rather the quantum exception 1s noted for
later processing. In the case of the quantum exception mask being set, the processing of one
25 nreferred embodiment stores, at 222, the result into a result or destination location 120, such
as the result register 120 of the floating point registers 108, The guantum exception 18
indicated by setting a quantum exception flag 122 via a sticky flag to indicate that a quantum

exception did occur,

30 If the decimal floating point operation performed at 210 produced a result that maintained
the preferred quantum, that result is stored, at 214, In one preferred embodiment, the result

is stored in a result or destination focation 120 of the floating point registers 10X, It is noted



25preferred embodiment stores, at 222, the result into a result or destination location 120, such as the
result register 120 of the floating point registers 108. The quantum exception is indicated by setting a
guantum exception flag 122 via a sticky flag to indicate that a quantum exception did occur. 30If the
decimal floating point operation performed at 210 produced a result that maintained the preferred
guantum, that result is stored, at 214. In one preferrdd embodiment, the result is stored in a result or
destination location 120 of the floating point registers 108. It is noted [:3 that if the result of the
decimal floating point operation maintained the preferred quantum, the value or state of the quantum

exception flag, 122 5 not affecte eﬁ%!ﬁ%&%g:fo%ﬁﬁ]&%%% %%%Q&E‘é@d%%e %@P@-Jéa@l%%%r%naﬁeded'

the indication of an occurrence (()j?a guantum éxception that occurred in a previously executed decimal

floating pointtistrdittionsisiamdiftamed imtiecquiartilzexception 4y ah dsubsegudnt processing is
able to examine fhe QuARUP:SXceRtion flag 42210 detamming.f theresullrredused by,a.seauence of

instructions may have been affected by a quantum exception occurring during the execution of that
sequence of FASTAICRIAL. ATATEEY Storig tHE festre e a2 Br SBeHHY AR GUANLST &% éeption flag, at

224;5the procesgsiageeteintiness@brdQefihera arenmarssstivlions:io exesmtenQuanrefared
n allgtws a.secgj nce of instructions to be defined to be executed
RSEEIEH R

embodiment of the present inventiqf e [ ol | ( _
with the quattiii BRESFHSH Pk ot SRt GiEE Pch SRy STy

instruction ofrthathseqtiemcewilk¢ iyseqa:stickycquanisim excaepticn:flagti? 2xtebeset @and 15allow
continuing with {[Ehe e%(?%%%on of that sequence of instructions. The sticky quantum exception flag 122

. SC Nnec of CHIONS. . . . .
is then examln%cf, as described below, to determine if a quantum exception occurred during the

sequence of instructions. If the sticky quantum exception flag 122 is determined to be in a set state at
the gnd of such2 SEAHENES- QL INSH YeHOonSs, REGrAMLEXRGHTon IS AletRd 1 execlite Spegigl processing
in response to the occurrence, of the 20quantum change that addresses the occurrence of the
quantum excEPHEHMFrAbrEINStRREGHS BRIt NAEHSHAM Al Ra B car PaD et (R IERaAstfuction is a
decimal floatingpeistinsEngieniibe nexkinstoselian.issndesipalfinatingRaintinsiiuciipmhe
processing returns to receiving, at 202, that decimal floating point instruction. If the next

guantum exception Mask not set such that a guantum exception occwTing duning any

instruction of that sequence will cause a sticky quantum exception flag 122 to be set and

15 allow continuing with the exccution of that sequence of instructions. The sticky quantum

exception flag 122 is then examined, as described below, to determine if a quantum

exception occurred during the sequence of instructions. If the sticky quantum exception flag

122 15 determined to be in a set state at the end of such a sequence of instructions. program

execution 18 altered to execute special processing in response to the occurence of the

20 guantum change that addresses the occurrence of the quantum exception.

If more instructions exist, a determination 1s made, at 242, if the next instruction is a decimal
floating point instruction. If the next instruction is a decimal floating point instruction. the
Processing returns to receiving, at 202, that decimal floating point instruction. 1f the next

25 instruction 18 not a decimal floating point instruction, the processing returns to determining,

at 240, if there are more instructions to execufe.

When po more instructions remain to be executed, the processing of one preferred

embodiment continues to determine, at 244, if the quantum cxception flag 122 has been set.
30 As described above, the processing sets the quantum exception flag if the quantum exception

mask has not been sct and a quantum exception occurred during a sequence of program

mstructions. In the case of the quantum exception flag having been set, the processing



25instruction is not a decimal floating point instruction, the processing returns to determining. at 240. if
there are more instructions to execute. When no more instructions remain to be executed, the
processing of one preferred embodiment continues to determine. at 244, if the quantum exception flag,
122 has been set. 30As described above, the processing sets the quantum exception flag if the
guantum exception mask has not been set and a quaftum exception occurred during a sequence of
program instructions. In the case of the quantum exception flag having been set, the processing '4
performs, at 246, processing to accommodate the previously detected quantum exception event. The

processing then ends at!a%,am@c&mggémgmm As WULB%@P@E?%&%E?&:QM%%?é‘éﬂ%gr!” the art,

aspects of the present invention may be embodied as a system, method or computer program product.
Accordingly, ®§pectsdfthecpreséptiniéntion may take the form of an entirely hardware preferred
embodiment, an entirely software preferred embodiment (including firmware, resident software,
micro-code. 10etc.) or an preferred embodiment combining software and hardware aspects that may
all generally BEYeRatsd {0 #sfsiRasYa B cuit,” -module- or -system.” Furthermore, aspects of the
present invention may take the form of a computer program product embodied in one or more

computer reagabl mediums) fiaving <QMRYIEIRUPLle RIografn £ods, embagled thrgon- 15
embodied as a system, method or computer program product. Accordingly, aspects of the
present invention may take the form of an entirely hardware preferred embodiment, an
entirely software preferred embodiment {inciuding firmware, resident software. micro-code,

10 ete.) or an preferred embodiment combining software and hardware aspects that may all

LRI

generally be referred to herein as a “circuit,” “module” or “system.” Furthermore, aspects of
the present invention may take the form of a computer program product embodied in one or
more computer readable mediumis) having computer readable program code embodied

therson.

Any combination of one or more computer readabie medium{sy may be utilized. The
computer readable medium may be a computer readable storage medium. A computer
readable storage medium may be, for example, but not limited to, an clectronic, magnetic,
optical, electromagnetic, infrared, or semiconductor system, apparatus, or device, or any

20 suitable combination of the foregoing. More specific examples (a non-exhaustive list) of the
computer readable storage medium would include the following: an clectrical connection
having one or more wires, 4 portable computer diskette, a hard disk, a random access
memory (RAM), a read-only memory (ROM), an erasable programmable read-only memory

(EPROM or Flash memory), an optical fiber, & portable compact disc read-only memory

12
LA

{CD-ROM}, an optical storage device, a magnetic storage device, or any suifable
combination of the foregoing. In the context of this document, a computer readable storage
medium may be any tangible medium that can contain, or store a program for use by or in

connection with an instruction execution system, apparatus, or device.

30 Computer program code for carrving out operations for aspects of the present invention may
be written in any combination of onc or more programming languages, inciuding an object

oriented programming language such as Java, Smalltalk, C++ or the like and conventional



Any combination of one or more computer readable medium(s) may he utilized. The computer
readable medium may be a computer readable storage medium. .A computer readable storage
medium may be, for example, but not limited to. an electronic, magnetic, optical, electromagnetic,
infrared, or semiconductor system, apparatus, or device, or any 20suitable combination of the
foregoing. More specific examples (a non-exhaustivé dist) of the computer readable storage medium
would include the following: an electrical connection having one or more wires, a portable computer
diskette, a hard disk, a random access memory (RAM), a read-only memory (ROM), an erasable

programmabie./ead-aniemenan. (GRROM L Fashymermand..an aptioal iRer, 2 pariable compact disc

read-only memory (CD-ROM), an”optical'storage device, a magnetic Storage evice, or any suitable
combination BPHerEgomg iHthe BORTEXTET thids doeument catoimpurefreadablestorde medium

may be any tapgible medivm talcan, RN, O SH & & PIAgFaM.fOr UsRIbY O cenpection with an
instruction execution system, apparatus, or device. 30Computer program code for carrying out

operations foiFEPEEHS 5 RAB p SR FTIRVR FIBRUHE) SEWHEAR T Ty RbniBRRHIGh 8 Bri& o more
programminghanguagesaticludinghan-ebjester entel-piagiamminghlangyagersieb as-Jaya.
Smalltalk,or the like and conventignal 15 procedural proaramming languages, such as.the *C"
programming“fgr’ié%ca%%nbtrwscf%il&%‘r‘%ﬁi’a"n’n&ﬁfﬁérﬁin C’ﬁgﬁr s&r%%])ﬁgo‘b‘r*é [ E5dd R E’é>€$¢\a}\(;:t§\e¥)’entirer on
the user's complutenspertiyromthéauseds toom prtenaascanstaad-alonerspitwidire yphckade cpartly on the

user's computer 'anglﬁ%%t%%}%jE% root\%&or;nputer or entirely on the remote computer or server. In the

using .
latter scenario, the remote computer may be connected to the user's computet through any type of
network, including a local area network (LAN) or a wide area network (WAN), or the connection may

be pade to aneXIRIAA|EIMRLIEN oL SxamPie. hEQuEDithedRieroR4RINg, 33 WHerI el RERVIGS:

Provider). 10Aspects of the present invention are described below with reference to flowchart
illustrations aAE/8F HRI&SHEGEHRY Brthat oty S EaFaRIs sy EMeT ARG IRPBERPIIYHEM products
according to prefenied epbedimentssaithadnyvantion, vl besndersiaed that wachdagkefdhe
flowchart illustrations and/or block dia [am@ and combinatjons of blocks gk{h flowehart illustrations
and/or block 'dfx ?3%%5@%5’5%‘1@%%3 Hy%%’fﬂe‘?rigrgb?é’r‘ﬁdi%‘?ﬁ%ﬁ 6118, Thé&se computer
program instflseticns: iiayrhepromided tdoakpibgessarcahdc implemented by computer program

13 instructions. These computer program instructions may be provided o a processor of a
general purpose computer, special purpose computer, or other programmable data processing
apparatus to produce a machine, such that the instructions, which exccute via the processor
of the computer or other programmable data processing apparatus, create means for
implementing the functions/acts specified m the flowchart and/or block diagram block or

20 blocks.

These computer program instructions may also be stored in a computer readable medium

that can direct a computer, other programmable data processing apparatus, or other devices

to function in & particular manner, such that the instructions stored in the computer readable
25 mediom produce an article of manufacture including instructions which implement the

function/act specified in the flowchart and/or block diagram block or blocks.

The computer program instructions may also be loaded onto a computer, other
programmable data processing apparatus, or other devices to cause a series of operational
30 steps to be performed on the computer. other programmable apparatus or other devices to

produce a computer implemented process such that the instructions which execute on the



general purpose computer, special purpose computer, or other programmable data processing
apparatus to produce a machine, such that the instructions, which execute via the processor of the
computer or other programmable data processing apparatus, create means for implementing the
functions/acts specified in the flowchart and/or block diagram block or 20blocks. These computer
program instructions may also be stored in a computér readable medium that can direct a computer,
other programmable data processing apparatus, or other devices to function in a particular manner,
such that the instructions stored in the computer readable 25medium produce an article of

manufacture | ﬁ';'ytﬂi&%i%?ﬁ%f( fions whish. qg@'sm&p ihadu E%E%@é&%%ﬂ%gﬂ%%@i5@‘%11‘1':0""0ha“ and/or

block diagram block or blocks. The computer program instructions may also be loaded onto a
computer, othBCprogtafnrablecdatat prdoeeding dpparhied: drotherdelicsdrsause a series of
operational 30steps to be performed on the computer. other programmable apparatus or other devices
to produce a computer implemented process such that the instructions which execute on the 16
computer or BHET Broarhidbie’ appitattid Provid& SrorddetetbeimmoRIERkg MRecfindSons/acts
spesified in thedavwsthadrt.ang/ ok ioskdiggramuloek andlpekssKRefmriagaewdalole. Witkvhich is a
block diagram |Ilustraﬂ%;rtl) éﬂ%grm tion rocessm%system %88 ighgsggn be utlllzegll ;/n conjunction with

GSpect L TMation processing system upon a surtabl
processor 105°8&L with P E5Y ponas
configured processing system adapted to implement one or more preferred embodiments of

the present invention, Sinmlarly, any suitably configured processing system can be used as

the information processing system 300 by preferred embodiments of the present mvention.
10

The information processing system 300 includes a computer 302, The computer 302 has a

processor(s) 304 that is connected to a cache memory 306, memory 322, mass storage

interface 308, and network adapter hardware 310. A system bus 312 mterconnects these

SYStEm components,

The mass storage interface 308 15 used to connect mass storage devices, such as data storage
device 314, to the information processing system 300. One specific type of data storage
device 1s an optical drive such as a CD/DVD drive, which mayv be used fo store data to and
read data from a computer readable medium or storage product such as (but not limited to}a

20 CD/DVD 316. Another type of data storage device is a data storage device configured to
support, for example, NTFS type file system operations.
An operating system (not shown) included in the memory 322 1s a suitable multitasking
operating system such as the Linux, UNIX, Windows XP, and Windows Server 2003

25 operating system. Preferred embodiments of the present invention are able to use any other
suitable operating system. Some preferred embodiments of the present invention utilize
architectures, such as an object oriented framework mechanism, that allows instructions of
the components of operating system (not shown) fo be exccuted on any processor located
within the information processing system 300. The network adapter hardware 310 in one

30 preferred embodiment provides network communications mnterfaces to one or more networks

320. Preferred embodiments of the present invention are able to be adapted to work with



respect to FIG. I. The information processing system 300 is based upon a suitably configured
processing system adapted to implement one or more preferred embodiments of the present invention.
Similarly, any suitably configured processing system can be used as the information processing
system 300 by preferred embodiments of the present invention. 10 The information processing system
300 includes a computer 302. The computer 302 has’a processor(s) 304 that is connected to a cache
memory 306, memory 322, mass storage interface 308, and network adapter hardware 310. A system
bus 312 interconnects these system components. The mass storage interface 308 is used to connect
mass storagg,demices,suah;iasidalasinragmdanice 3l friethedofarmation Rrosessing-aysiem 300.
One specific type of data stora%é[dewce is.an optical drive such as a CD/DVD drive, which may be
used to storé 4G ERH FEEGERE RETHA E8mputer readable medium or storage product such as (but
not limited to) a CD/DVD 316. Another type of data storage device is a data storage device configured
to support, for example. NTFtﬁ type file system operatians, An operating system (not shown) included
i the memony SI3MG R RAE b LR CBERRILG S SICH B el AL S iHows XP.
andiWindowsBeituer 2003 sdge fatingrsystens Bieferced embiodimerdtscofiine present inuehtion arc able
to use any offier syitahlc ApSIafing ustem Bome PLORIBd embRdiments ohns argsent vention
utilize architectures,such as an object oriented framework mechanism, that allows instructions of the
components ¢ dpertindp sipbhr(hétdhbemyts beeserceet omadyipreeasseriopateenithin the
information progessing sysian.300. thenetwerks adrnisrhaidwats 3104monsS0rrelerad

embodiment provides network communications interfaces to one or more networks 320. Preferred
embodiment¥&Fthé prasatit il aintidhadie Molettd Hetadatea 16 SETRGithP £ PSR 9aa the
comymunicatigns: cRRRSEIPRSHBCIAING Rresent slay analegiandiok digital fechrigues,amviga future
networking mechanism, The flowchart andiblo,ckldiﬁﬁlr?%r_a_ms‘in ge%[pigé}reﬁrﬂ-ue architecture, f%nctionality,
and operatiol*SFUESIBIE I HeishtaSHEast SEEE Hethsas URt D GaF BYSEranbiotucts
according towasiouspreferrecshambodinentsofithe presentdnventedinuthis tegardteashiblock in the

owehart o oSl SRS R epiasena module. seanent. o1 peton aleais aieh comanises
one or more execttable instrictions for implementing the specifiedlogica |mct|onfs . It should also be
noted that, inlsoneiatembtivetimpiensaritalidoks jithes Difok diismemoted dn the Gledkimsgyaoesur out of

the grder noted in. g%!é%l%%d %9 r‘,ﬁmmﬁpose hardware-based systems that perform the specified

functions or acts, or combinations of special purpose hardware and computer instructions,
Non-Limiting Examples

20 Although specific preferred embodiments of the invention have been disclosed, those having
ordinary skill in the art will understand that changes can be made to the specific preferred
embodiments without departing from the scope of the invention. The scope of the invention
is mot 1o be restricted, therefore, to the spectfic preferred embodiments, and 1t 15 intended that
the appended claims cover any and all such applications, modifications, and preferred

25 embodiments within the scope of the present mvention.



two blocks shown in succession may, in fact, be executed substantially concurrently, or the blocks may
sometimes be executed in the reverse order, depending upon the functionality involved. It will also be
noted that each block of the block diagrams and/or flowchart illustration, and combinations of blocks in
the block diagrams and/or flowchart illustration, 15can be implemented by special purpose
hardware-based systems that perform the specified functions or acts, or combinations of special
purpose hardware and computer instructions. Non-Limiting Examples Although specific preferred
embodiments of the invention have been disclosed,those having ordinary skill in the art will
understand that changes can be made to the spggifjc, preferred embodiments without departing from
the scope of the invention. The scope of the invention'iS not to he restricted, therefore, to the specific
preferred em?ﬁgi ents, and it is intended that the appended claims cover any and all such
applications, %ﬁégﬁons, and preferred 25embodiments within the scope of the present invention.
18 CLAIMS We claim: 1. A computer program product for detecting a Decimal Floating Point

Quantum exception, the corftitérrbfagnaptadadt eowipiieg ingompetenae Atabiegstariage medium
having program cod@gmigq%@g«{yim@ w%%ﬁ% 5mlgowpgsq%nputer processor to
perform a method comprisin%: executing, by the processor, an instruction, the executing comprising:
computer readabie storage medium having program code embodiad
therewith, the program code readable by a computer processor to
perform a method comprising:
executing, by the processor, an instruction, the executing
comprising:
obtaining, by at least one processor of a processing
environment, at least one Decimal Floating Point Operand;

performing a decimal floating point operation on the at least
one decimal floating point operand to produce a decima! floating
point result having a quantum;

determining a preferred quantum based upon the operation
and on the at least one decimal floating point operand;

based on the determining that the gquantum of the decimal
floating point result is different from the preferred quantum,
providing an output indicating a quantum exception: and

based on the determining that the quantum of the decimal
floating point result is the same as the preferred guantum, providing
an output without a quantum exception.

2. The computer program product of claim 1, wherein indicating a
quantum exception comprises a non trap action, the non trap action
occurring when the quantum exception is recognized and a quantum
exception mask bit in a Floating Point Control Register (FPC} is zero.



obtaining, by at least one processor of a processing environment, at least one Decimal Floating Point
Operand; performing a decimal floating point operation on the at least one decimal floating point
operand to produce a decimal floating point result having a quantum; determining a preferred quantum
based upon the operation and on the at least one decimal floating point operand; based on the
determining that the quantum of the decimal floating point result is different from the preferred
guantum, providing an output indicating a quantum exception; and based on the determining that
the quantum of the decimal floating point result is th€#same as the preferred quantum, providing an

output without a quagtum %,99991 omputer pragram prodyct of claim 1, wherein indicating
a quantum exception comprises a E%%é%%%%r& ?ﬁeéjcgé}%gf@&gcﬁ%#gEgﬂFﬁ%SWH&q ‘Eﬁégquantum
exception is recogniZeAuiekA [§raffi Baesientraskibitng aiFloating: PoiatGontrol Register (FPC)
is zero. 19 3. The computer program product of claim 2 further comprising writing the output to a

result register and cgntinuijgﬁ with normal ogeration. 4. The computer program product of claim 1.
wherein indicating a™ € computer program product of claim 1, wherein indicating a

quantum exception comprises a trap action, the trap action OCCUITINgG
when the quantum exception is recognized and the quantum exception
mask bit in the FPC register is one.

5. The computer program product of claim 1, further comprising
writing the output to a result register; setting an exception code; and taking
a program interrupt handier,

6. The computer program product of claim 1 wherein providing an
output without a quantum exception further comprises: writing the result to
a register; not setting a flag; not setting an exception code; and cortinuing
with normal operation,

7. A computer system for detecting a Decimal Floating Point Quantum
exception, the system comprising:

a memory; and

a processor configured to communicate with the memory, wherein the

computer system is configured to perform a method, the method

comprising:

executing, by the processor, an instruction, the executing

comprising:

obtaining, by at least one processor of a processing envirgnment at
least one Decimal Floating Point Operand;

performing a decimal floating point operation on the at least one
decimal floating point operand to produce a decimal floating point result
having a guantum;



guantum exception comprises a trap action, the trap action occurring when the quantum exception is
recognized and the quantum exception mask bit in the FPC register is one. 5. The computer program
product of claim 1, further comprising writing the output to a result register; setting an exception code;
and taking a program interrupt handler. 6. The computer program product of claim 1 wherein providing
an output without a quantum exception further comprises: writing the result to a register; not setting a
flag; not setting an exception code; and continuing with normal operation. 7. A computer system for
detecting a Decimal Floating Point Quantum exceptin, the system comprising: a memory; and a

processor configured to CORBHPIRRIS WA 155 BSmaNWHEKE s CARBUISS Sysiem is configured to
Yy the

perform a method, the method comprising: executing, rocessor, an instruction the
executing comprising'CoBtfAfESCIER{IeAENgraeEd et ¥ processing environment at least one

Decimal Floating Point Opetaad;on tHeestasming - desinal deatinenpoimoparationenithe at least one
decimal floating point or%eran(ato ﬁ)duce a de%imal Qoatig point result h(?vin a quantum;
poirtt result i§ difterent from the preferre %uanium, proviging an outpuf
indicating a quantum exception; and
based on the determining that the guantum of the decimal floating
point resuit is the same as the preferred quantum, providing an output

without a quantum exception,

8. The system of claim 7, wherein indicating a quantum exception
comprises a non trap action, the non trap action occurring when the
quantum exception is recognized and a guantum exception mask bit in a

Floating Point Control Register (FPC) is zero.

9. The system of claim 8 further comprising writing the output to a
result register and continuing with normal operation.

10.  The system of claim 7, wherein indicating a quantum exception
comprises a frap action, the trap action occurring when the guantum
exception is recognized and the quantum exception mask bit in the FPC

register is one.

1. The system of claim 7, further comprising: writing the output to a
result register; setting an exception code; and taking a program interrupt
handler.

12.  The system of claim 7, wherein providing an output without a
quantum exception further comprises: writing the result to a register; not
setting a flag; not setting an exception code; and continuing with normal
operation.



20 determining a preferred quantum based upon the operation and on the at least one decimal
floating point operand, based on the determining that the quantum of the decimal floating point
result is different from the preferred quantum, providing an output indicating a quantum exception; and
based on the determining that the quantum of the decimal floating point result is the same as the
preferred quantum, providing an output without a quantum exception. 8. The system of claim 7,
wherein indicating a quantum exception comprises a non trap action, the non trap action occurring
when the quantum exception is recognized and a qugantum exception mask bit in a Floating Point

Control Rggister (FP@).is 2[00y ode}ES‘? gﬁ/g&gm §EC%%%%%§Q °r C%cgjnr;u?rgi%ingﬂv{vrri}ing the.ogtpL_Jt tq a
result register and continuing with normal operation. 10. The system of ¢iaim' 7 wherein indicating a

quantum exception comprid€SeEEEH aetiofetiatrpeiostndiscubdimg Whtnethéoyoamumeexception is

recognized and the quantup.exeertierRIRAsK RitdndheFREFeAIRIENIS 008 hkihe system of claim 7,
further comprising: writing the outPut to a result register; setting an exception code; and taking a

program interrupt handler.ci@.pﬁ*ﬁg%ystem of claim 7, wherein providing an output without a quantum
exception further comprises: writrigahe gesylttdca segisigroset setivng prdagssagsetting an exception

code; and continuing with AUl ABTalIOR, 24,450 . methag for exkectfigga machine instruction n a
ac ’ Ined fo

central processing unit, the machine instruction being de r'computer execution according to a

computer architecture, said method comﬁ)risiré%: , , ) ]
performing a decimal floating point operation on the at ieast

one decimal floating point operand to produce a decimal floating
point result having a quaniun;

determining a preferred quantum based upon the operation
and on the at least one decimat floating point operand;

based on the determining that the quantum of the decimal
floating point result is different from the preferred quantum,
providing an output indicating a quantum exception: and

based on the determining that the guantum of the decimal
floating point result is the same as the preferred quantum, providing
an output without a guantum exception.

14, The method of claim 13, wherein indicating a quantum exception
comprises a non trap action, the non trap action occurring when the
quantum exception is recognized and a quantum exception mask bit in a
Fioating Point Controt Register (FPC) is zero.

15, The method of claim 14 further comprising writing the output fo a

result register and continuing with normal operation.

16.  The method of ctaim 13, wherein indicating a quanium exception
comprises a non trap action, the non trap action occurring when the
quantum exception is recognized and a quantum exception mask bitin a
Floating Point Control Register {FPC) is zero. The method of claim 10,

wherein indicating a guantum exception comprises a trap action, the trap



obtaining, by at least one processor of a processing environment, at least one Decimal Floating Point
Operand; performing a decimal floating point operation on the at least one decimal floating point
operand to produce a decimal floating point result having a quantum; determining a preferred
guantum based upon the operation and on the at least one decimal floating point operand; based
on the determining that the quantum of the decimal floating point result is different from the preferred
guantum, providing an output indicating a quantum exception; and based on the determining that
the quantum of the decimal floating point result is &% same as the preferred quantum, providing an

output without a qug&t&%%é&ﬁ@%&)@h&ﬁ%%a?ﬁmgﬂe%wi&?ee!zs%l{?é% i%%‘éng a quantum

exception comprises a non trap action, the non trap action occurring when the quantum exception is
recognized and a iU EXCERHRM Rtk Hit'in i€ FIoatitg P6ine CBAitrol Register (FPO) is zero. 15.
The method of claim 14 further comprising writing the output to a result register and continuing with
normal operation. 16. The method of claim 1 herein indicating a quantum exception comprises a
non trap action, the%ﬁ'on Tr?a{]pe gf:%%r? %8@@@@9 %%r%‘ﬁ% §& %%@H{ﬁ%%%%ﬂ%ﬁ%%t@%pﬁ?z%d and a
quantum exceptior @aekkaglisiera Fdagng RoirerdontrobRegistaal(FR € pisgrarm. iMke upethod of claim
10, wherein indicatijig,@guantum exception comprises a trap action, the trap 22 action occurring
when the quantum exception is recognized and the quantum exception mask bit in the FPC register is
one. 17. The method of claim 13, further comprising: writing the output to a result register; setting an
exception code; anttakiricha preigearnintekrups hangiein #8vilihg methag eiwiaim: 13, wherein
providing an output without a quantu ception further comprises: writing the result to a register; not
setting a flag; not s%%ér%uﬁﬂn%gg atr') B@gg é;ggﬁnc? ContintinG Witk ﬁ%%%é%%@%’ﬁf%i not

setiing a flag; not setting an exception code; and continuing with normal

operation.



