WO 20111147483PCT/ER2010/067054 1 DECIMAL FLOATING-POINT QUANTUM EXCEPTION
DETECTION Technical Field 5The present invention generally relates to electronic arithmetic

processors gp iyﬁzrf%pﬁriicularly to detection of particular arithmetic calc%g@%{ﬁ%%ﬁ

Background Intormation 10Decimal floating point numbers and floating point numbers oggther radices,
such as those defined by the IEEE 754-2008 FIoatinb-Point Standard, are useful for performing certain
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 processpringiuderdasiraNoatoaro ot data fosneiscietia @N pI2rd 7208 128 bits in

length with defined coefficients of 7, 16, and 34 digits with a specified exponent range. Software
processing environments, such as programming languages including Java that support Decimal
Floating-Poimt¢tiitaERegometimes 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. 20 Decimal floating-point numbers maintain more than just the number's value, they also
conitain infoffhatiorsespresetitingdhe gGatel gkthe slerhbeic Bohmstancesadadingndumobers that represent

money in cents,will aenerally. pLadyCs & SHm &H%Eé%t%'%911&%%?&?9%%91%{‘0&&”ts- Some software
environments emulate decima oatﬁwg point number precision and range 25such that some decimal
floating point operations produce results that exceed the available processing hardware precision and
range. Suchgg l;ig@ﬁﬁgri[%g};ﬁrtently lead to inaccurate results. Existing exceptions, such as
inexactness, overflow and underflow exceptions, occur when the precision or range has been

exceeded, but these exceptions fail to accurately detect all unexpected changes in the precision or an
Oﬁ@ration's feegimabfoating 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 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

15 32, 64, and 128 bits in length with defined coefficients of 7, 16, and 34 digits with a
specified exponent range. Software processing environments, such as programming
languages 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.

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, adding numbers that
represent money in cents will generally produce a sum that is also represented i cents,
Some software environments emulate decimal floating point number precision and range

25 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 ag inexactness, overflow and underflow
exceptions, occur when the precision or range has been exceeded, but these exceptions fail to
accurately detect all unexpected changes in the precision or an operation’s result.

30
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 potentiaterror 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 tReabk9,0Q0,63nge. Summing these two amounts is able to W rpao10/067054
2011/147483PCT/EP2010/067054 2 lead to an exa(it result in the $100,000 range. However,

representing the result as cents in the $100,000 range with seven digits requires the exponent to not
be the preferred exponent, 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 Singidatimerarits: {1012 las X h) S8l esofthdlresultr Exjsting éxcépticns s ulokadb detect this
loss of scalg, | It, SO ' [ rovi thod of
derecting A e A e
significant digjitcis wordzecalo Sedh andrbelrreciirpwéiindisationiies e heswirpipyndotdhave the

preferred expoent PEGHRE SADS.ACCHIRIRAEHIRVOUID FesYlidn & ofalFr ROJIUKE iGation. This

approach effectively reduces the useful precision for emulation by one digit since the most significant

digit is used%é%%é%}Qi%)ﬁét@ﬁtf’&ﬂ%gg%ﬁ seall. Esmesetsrapiensoratibhnatesiwtidssare limited

by not detegiiRg texPrGiedshanggsdqugcale 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, 2007,

teaches 2(Sdatestinfvafovhetberadesuitodddoatingpaishopefdiesihgale «6harasieristics of the
result are examined to determine whether the result is saff or otenIiaIJ?( uns§.fe,E as defined by the
user. An instrtiction 8 provi i 05 B e A SRR Ea S o leReY I UMSHRE FRUETY: s. Patent
NUmber 5,892168 ¢Horkad'Methadatickappdratis fostiamdingoverddw prtt2bdaderflow in processing
floating-point numbers fled, Recember, 191995 feachas.a method far progessing, fioating-point
numbers, each 1fllsoatlng-pomt number having al least sign p8rt|on, an exponent portion and a mantissa

portion, compriging!the®teisslof wofiartiseian for emulation by one digit since the most significant

digit is used as an indicator of potential loss of scale.

15 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. 5. Patent Publication Number 2008/0270508 for “Detection of potential nced to use a
larger data format in performing floating point operations” filed April 27, 2007, teaches

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

user. An instruction is 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 underfiow in processing floating-point numbers” filed December 19, 1995, teaches a method
for processing floating-point numbers, each floating-point number having at least sign
portion, an exponent portion and a mantissa portion, comprising the steps of converting a
floating-point number memory register representation to a floating-point 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-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



floating-point number memory register representatioen to a floating-point register representation;
rounding the converted floating-point number; performing an arithmetic 30computation upon said

rounded NURRESEEsYHIRY in a new floating-point value; and converting thgregipkingdasyy 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 WO 2011/147483PCT/EP2010/067054 3 unit register; means for
selecting the type of accuracy required of the converted value; means for selecting the type of
rounding requiteg:Bfdhencanviertee dtoatingepemt ofaluer meass: fardpdiormingeandarithmeticuoperation
upon at least one converted floating-point Va'“%P d upon said. selected. accyracy and rounding;
e o c ki S e b R e
value; and mefrrsifog enriiériing doeamasotingoficafiert poin tastadcl dioathe fioatingpoirisedgister
representatign. to. t M.ACCesS Y. iEPLes Ejgg : ale lﬁﬂq 'gad;im Ny ber
20040268353%o?%ﬁ%%ﬁ%%%nﬁﬁ%%ﬁ%ﬂ% %ég’emu?fgé%n 1%%%’%ﬁpre%%sion lfﬂoatl.ng po?r:t
instructionstfiteetiDrecelin berizgOm rieachies Fohigs-praeisiondl eatneepintesauratbras associated

method for ermuiafingcSHRIESsRIRLIAHEAIBORAIAEEsMAcine Where sisHhisst maghine base

operands possess a different precision than the target machine. The high precision floating point
emulator is PIERRIBETORREPEHFRIEHSH of subject program code instructions having a higher precision
than that supported 15by the target machine architecture by utilizing intermediate calculations having
values with a higher precision than that Séjé)fgorted by the target machine. Therefore, there.is a need in

the art to addrésS HiratAThHFHEAT SHEEPST ORI Dot IMARAIA BKL praratte PEMBETALINR a method

forpdetecting prgesshgexaepinnsdieidesAgroTaRIOD aceaRiing Aideaskene degimal floating point
operand and performing.a decimal floating point operation on the at least one decimal floating point
Operand to FIGHHCE ACSRAEAHH TORHHG BUneRRSe AU b ST B AT GB P e

decimal floaging target machine where the subject machine base operands possess a different 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 target machine.
Thercfore, 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 point operand to produce a

25 decimal floating point result. A determination is 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 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.



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 floating point result. In response
to the deterspimingthatstine decimal floating point result fails to maintain thecprefectegajosntum, an
output is provided indicating an occurrence of a quaptum 30exception. WO
2011/147483PCT/EP2010/067054 4 In another preferred embodiment, a system for detecting
processing exceptions includes a memory and a processor communicatively coupled to the memory.
The processor includes an instruction processor. The instruction processor accepts at least one

decimal flodtingasein Peyferad daherReRsiiA S S EBCH SPHEAREPICRIFBESHEEBHGA Bdueicast one
decimal 5floatinerpPaint PpRIARGhIeMREuGE.aver s flaal me:ReIBlIES Uik THE RERsEBsAldRISO includes

a quantum exception detector. The quantum exception detector determines, in resﬁi%n,se to the

instruction FPOREEESHFEPRSREHHY tHEHBEHHSTAB AIRF POTRCE RIS i dirsrae fregadiffafSating point

result fails ?oiﬂﬁﬂ?@ﬁhé prefRpmehauatmaTepiefasredauantadniicatiogrdetioatyalue
represented_by a least significant digit of a significand of 10the decimal floating point result. The
pracessor fé‘ﬁﬁ%?%r?a%8&6&655%35%“55&%3%1? BRERTAY rﬁ?ﬁtqﬁg‘ﬁt]ﬁﬁ%"%g%‘éélﬁ}n response unit
provides, inifiekpenaeiartiiengiagition dxcentioThetpatonteterspiiing¢hatdhdeteningl fioating point
result fails to [naintatinthhe Imefetrred quantum, outpyf in eigl%tliﬂgha gltrJlantugrR exception, The quantum
exception ocCUring rgslpsoﬁus?el% e gecinks fioa |r?g p%lnt recult tai n%gp {0 aintain the preferred
15quantumtta dxathe fipeefer redse ehddimnt, agomipatergbeogiamapraductfopaéterting processing
exceptions includes.a storage ium readab rocessi [Fcul L ing_ jr igns for
execStion b?/“t%“é” b’%&%e‘s"%. hnggirg]c?l%% ?(C){Fr Bgur 5r%%%§%e?n%¥hao%%§#%%%%%%®? %ﬁ?l%%%éqggé%ﬁg at least
oné decimathitokingad Sieatogareintrandtpdifo prings sovibethraliidadeippbitittoperstivion the at least

one decima%éégeﬂ&%&&!%&&ga@aﬂﬁ%%%w&% s&gmi@g?&me@,qmgmge&%ﬁmmon is made

as to whether the decimal floating point result fails to maintain a preferred quantum. The preferred

quantum ingissrtion drstiietidpstairens dhetrthedlesiraalcieationg mricarrsulg et b sTyimtaEeof the
decimal floaﬁ}]@&@é@aﬂ%w&nmﬁﬁqﬁaﬁaﬁgg%@mim@%@aat the-dpaimal loatipgpoint result fails

to maintain the preferred quantum, an output is provided indicating an occurrence of a quantum
exception. OCCUITING inl response to the decimal floating point result failing 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 determnination is 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 floating

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 quantum

exception.

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

the steps of the invention.



Viewed from a further aspect, the present invention provides a computer program stored on a
30computer readable medium and loadable into the internal memory of a digital computer, comprising

software coggppaitignssayhen said program is run on a computer, for perfeirgirgsthe/siags of the
invention. WO 2011/147483PCT/EP2010/067054 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: S FIG. 1 illustrates a computer processor, in accordance with one
preferred embodiment of the present invention; FIG. 2 illustrates a decimal floating point
operation eXatefiBesdripiévond dhe Breitingse 10preferred embodiment of the present invention; and
FIG. 3 is a block diagram illustrating an information processing system according to one preferred

embodiment o e peseahiRNepoR, 4 SDEIAKED DESCRIELIN A tederlideraiag preferred

embodiments of the present invention are disclosed herein; however, it is to be understood that the
disclosed prafétre smbrrimsainsardusisied B biipliosvatadigwiiention, which can be embodied in
vagous forms. Therefore, specific 20structural 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 ilthe éueﬁsr@;aﬁa&gwpéatﬁbw%%ré%a?ﬁ%ﬁﬁﬁe}ﬁthqeaﬁtnfgﬁvﬁfawaﬁﬁ%&séﬁ&etai|ed
structure angldsigtigRedridither, the terms and phrases used herein are not intended to be limiting, but
rather, to provide an understandable description of the invention. 25
FiG. 2 illustrates a decimal floating point operation execution, in accordance with one

10 preferred 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.
15 DETAILED DESCRIPTION

As required, detailed preferred embodiments of the present invention are disclosed herein;
however, it is to be understood that the disclosed preferred embodiments are merely
examples of the invention, which can be embodied m various forms. Therefore, specific

20 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 preseﬁt imvention in virtuaily any appropriately detailed structure
and function. Further, the terms and phrases used herein are not intended to be limiting, but

rather, to provide an understandable description of the invention.

25
The terms “a” or “an”, as used 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 including and/or having, as used
herein, are defined as comprising (i.e., open language). The term coupled, as used herein, is
30 defined as connected, although not necessarily directly, and not necessarily mechanically.

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

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



The terms "a" or "an", as used herein, are defined as one or more than one. The term plurality, as
used herein, is defined as two or more than two. The tekin another, as used herein, is defined as at

least a secopd, QhNQI€sT he terms including and/or having, as used hereip,-ar86fiResas comprising
(i.e., open language). The term coupled, as used herein, is 30defined as connected, although not

necessarily directly, and not necessarily mechanically. WO 2011/147483PCT/EP20101067054 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
programmingdanguages shati suppostiendicimal fopmatithidichasfagieqaientprecisihreothkange than the
hardware upon. Wil ILexeeies RRCaNTS Ihalpws Aelerian el spicassnahalgiceeds (e hardware
format. In tHe context of the present |5Xussmn, guantum™refers fo the “units” o the feas significant
digit of a flostitRyapointregresentationgigssithas yupedin e d floadh (ppomtiendeptiasatetect some

processing nagaiasiss, R ALCOMAIRIE siagthecase ola,d0/epul ofadeging! foating

point operation that has arepresentation of itS scale or exponent that is not the preferred exponent. In
otHer wordsyrespstiig floagneepdintekedptionLavaiot completely indicate the case of a decimal 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 754-2008 standard defines

the value of & {ifctented PEHFANESHR! At HSREnsaBRte drfaxde fiorrsinef fngiing that preferred

value in thesiesifitaft deginoahfieating-peint.opertions. T PeQuaRtyi:axseptienef fhgimethods and
systems described below is defined to have a similar control as other IEEE exceﬁtions. T¥he quantum

exception afS A HHACEbt T RE AR H A SHEF ELbPHAR BB HRLENI SWE BB M RiAY languages
with differentprecitiohsiand flenges toihepasiyetalated erptbestandatized 20orampiaand provide

full precision,and range of e formats wnile detectinganexnectad exponent changes Jhe guantum
exception event of one preferred embodiment oecurs when a tecima %I%aﬁngxp(e)li)n o?)eraﬁ?on produces

a result thatisuplatudie thdicetathp eakcAlthalsghrsd fhes lay adbimplementatidng in dudersgparate events

called Rounyled and Glagmpesl. 108 QUBINT xcapinnolone pisferied smbodiment csseptially

indicates that the precision or range of the result has been exceede e quantum exception
reporting meghasasihincontipraferide Bribotifmeriiseofudldadiecatht hakbiaahasgkebitres! control the

agon resulfing, fromIAS SRR e SXeSRUpR-INANG RIGIRYEY BMRdiment, a pask bitisdedicated
IN a processors
P 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 programming
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 quantum exception event of one preferred embodiment occurs when a decimal floating
point operation produces a result that is rounded or clamped. Although some Java

25 implementations include separate events called Rounded and Clamped, the quantum
exception of one preferred embodiment essentially indicates that the precision or range of
the result has been exceeded. The quantumn 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

30 Floating-Point Control word (FPC) 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



30Floating-Point Control word (FPC) 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 floafipg, pRiniAperation causing the exception is written into the WQ/rpag10/067054
2011/147483PCT/EP2010/067054 7 Floating-Point Registers (FPRs) and a code identifying the
exception type is written to the Floating-Point Control word (FPC) and program execution is trapped to
the program interrupt handler. When the mask bit is not set, the quantum exception flag, which is a
sticky flag, is set and no trap is taken. 5 Preferred embodiments of the present invention operate with
decimal flodtingipgiftimtRgessr A(ERR inal dloatidg: paintfyringibe ras:pedimech bk vatiousistandards,

including | -754:2008, has three onents: a sign bit, an exponent, and a significand. The
magnitude SRFLROTLC Sien o R B ) R A S the rci 20
raised to thenfsowet lofider eBberetic maskdecismalt foatingqueirtmumdsetiahd sadishishtena(10). The sign

of the numhgr.j mgitwge@w@g@%% flepending on whether the sign bit is zero or one, respectively.
The significand has an implied radix point, and its position depends on which interpretation, 150r view,

of he floating point datum is being applied. Preferred embodiments of the present invention represent

decimal floatiag RANHEIRRIHVINIR JaRtMNISHieNK J¥BeRe e tabimasiAigizgite significand is the
units digit and the radix paint is implied to be immediately to the right of the entire ;&gnificand. 20FIG. 1
I

illustrates a*GrpEter clstetSpaibte ieiatebmbsh e FiRBhY preteretrafitbuitr e 8 Bresent
}?vention. T’rwmmmﬁtaf@@@&&gbﬂ&@si@dtgﬂﬂs@@nigmm{hﬁmpﬁgﬁmcm im@%ﬁgat@&cl fIimal
oating point.unit 110, floating point registers 108 and program controller. 124. The decimal floating
St Cnit 126 ST A SR RSt T o R & JH PSP 60 hich
rdceives progradndtitrpotions Storedpsnan?Slprogeaimanoadng bodit Thesleciakiibatingnpoint

instructions issued to the imal floatin int unit 110 include,.for example, instructions specifying
it conve S AP RS A B 6 et S Sl LT SO R AP o el floating
point numbeeso Fhendecispadtiie@ting 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 108, 30
performs a specified decimal floating point operation, and stores the result into a destination register
within the fldatistppbieandbistersmbhed redie neraliprakichnogbarbbnvadnahe Hishtingpuittiegisters 108

ang a data ReRENE R floating point datum is being applied. Preferred embodiments of the present
invention represent decimal floating point numbers with a right units view, where the
rightmost digit of the significand is the units digit and the radix point is implied to be

immediately to the right of the entire significand.

20 FIG. 1 illustrates 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
controller 124. The decimal floating pomt 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 110 include, for example, instructions specifying data conversion and/or 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
floating point data from one or more source registers within the floating point registers 108,

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 150.



WO 2011/147483PCT/EP2010/067054 8 The decimal floating point unit of one preferred embodiment
perfoius operations on decimal floating point numbers according to applicable floating point processing
standards, ghAs ke dEEE-754-2008 Floating-Point Standard. The quapiym yalliss Rfkthe source
operands that are the inputs to a decimal floating pqint operation are generally a basis for 5defining a
preferred quantum as defined by the relevant standard for the output of that operation. Due to
available precision in the decimal floating point unit 110, the values of the source operands may
produce a result that has a quantum that is different from the preferred quantum. The quantum of the
result may Ghanigeifitainflshenpredartediqobte prduedd e fdroekanp e dionite dfasdwarenprecision of the
decimal flogting eint wall 139, that eauses darounding of intarmediate or flnaluesults of he specified
operation. Diiferences betiveen the ca cul%ltlng hardivare preC|S|ong ndnplpemsmn Bf Software
architecturesdheeorbordtiie theilfio fiverimg-Point JrtidméticTareqdetbuted: by thisthesswiguantum
detection i llowing: r - I t I rom: ware
Z@%E%W% A?é#'ﬂier@]& e SR Hlﬁ{%gﬁr%%ea% %eﬁ%ﬂﬁk! A 85&??59 :

precision t ating higher préecision, which provides a performance optimized implementation. 15

The decimaleiating pefat-aniauenoust sréprefebrddceivipotifmndaie fieb oy ran tifexception
detector 112, he.quanisim %%i@%@&&ﬁﬁi% hladetentsidbeRorupanse 9baresylhproduged by a

decimal floating point operation that has a ca;antum that is different from the preferred quantum, where
the preferre@YGanRsRANESIeedura EtHEthetdus aaraney tier e diffspet Basedanssitirng values

and/or quaniughthensoratePerandssiffaionaesdhatyeandpa pielereshapaatismang the quantum
of the result of a particular operation are able t(é%ausiﬂ?b , for example, a f%ardware overflow or
CHIHBEIUNE

underflow CBYETRGR CRUEEHHH HiE REGH VaitidLSoITHE DG RYARHYT 244 R fEHRTIm exception
degector 11 ofiding §tkferreiembodinerisarsefttha sgdafiddirpexceptianfradncicatevibat tugesult
produced bx EQL%& ecimal floatin%glojnt unit 110 has Es%wtum r. eXé)lonent valuef\.tha& IS dif{erent

e hardware 11 and precision o are atchitectures mcorporafin clmé
from the prelaerre q%an]tum Value e AsEHoh an processing of the quar?t m ex p(flon of one

preferred efipothigrentissimmilaidorotiredeadbtinghpdns plopessing dtegptionsciAssentbvofithe
quantum exs%?t%ia?g t'(p &t when there is a need to switch from hardware precision to emulating
higher precision, which provides a performance optimized implementation.
15
The decimal floating point unit 110 of one preferred embodiment includes a quantum
exception detector 112. The quantum exception detector 112 detects 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 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.

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

30 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



30preferred 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 WO

2011/14748%9;]’{55;%0/067054 9 assigned an exception code to iden%{%%z%%jdgﬁlsgloating point

exception being asserted, such as the quantum exception. One preferred embodiment of the present
invention supports controlling the action taken in 5re95ponse to an assertion of a quantum exception by
the quantum exception detector 112. One preferred embodiment of the present invention maintains an
exception control register 106 that includes one or more exception control masks that are changeably

assigned a ssigrdah setaiata dodene fdeeiery ek anbadimentof poapeesanicinventiansdhedprocessor

includes a Flo%tinqti;lPoint ontrol Wtord (FPC) as an example of the exception control register 106. 10
The exceptl‘q’é’lﬁ tdh rglqr%aéllgfélrefﬁﬁaiﬂSWs, for example, setting masks to control responses to various
floating point exceptions, such as the exceptions defined by the IEEE 754-2008 standard. In addition

to allowing the. definition of. masks for.exceptions defined by various standards, gne preferred
empodiment o B B S R gt
océurs in ressppmse to aneassbetion sfitheabosks ddseriethegamtomn exaaptiordeacere pReferred

embodiment,Jf 3 guARIHNL GXERRIAN AFEUTS WASH IR GH AN RXGR RIOD MARk it 7esigngd a set

state, the arithmetic result produced by the decimal floating point unit, which has a quantum different

than the prefétidatdidrighene Hrpen tseriipesortrabrieks hatitrarbmesably poisnedgiseées 108 and
the program,gopiralier 20144 jssignralesitedrabning exesdtion phvihaarogiam adhe Riggiam's interrupt

handler. If the&%:nantum exception occurs when the quantum exception mask bit is assi%ned a not set
state, a quanfiPeXUBtATER) Wou!id 86D 48 U StiarPIRf AritentiviyFantehissiMisn Entinues

without a trap to the program's interrupt handler. The "sticky flag" quantum exception flag 122 in one

preferred empodiment remains set dur& ocessing of sybsequent 25instructions to allow for
Ceterrodt QeliO P ViAo A0Sy e EEBlma 13 gD A B SpBPoer
execution ofdhiatséquencgoitnstepciianssiolowihg thespichis duite O bihaERR IS Q0IEption.

standard. In addition to allowing the definition of masks for exceptions defined by various
standards, one preferred embodiment of the present invention includes an additional mask bit

15 to confrol 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 assigned a set state, the arithmetic result produced by the
decimal floating point unit, which has a quantum different than the preferred quantum, 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 exception 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 trap 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 exception after execution of that sequence of instructions following the

occurrence of the guantum 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 one example, some machine language instructions, such

as decimal floating point machine language instruction, include 2 quantum exception control



One preferred embodiment of the present invention provides an additional control field in 30 some
machine code instructions to fitrther control detection, and the action taken in response thereto, of

guantum ewgﬁqﬁg]ﬂsgne example, some machine language instructio?Wﬁ%%gimal floating

point machine Language instruction, include a quantum exception contro
2011/147483PCT/EP2010/067054 10 bit (XqC bit),]c9r a quantum exception control field, in the
machine language 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 instruntiohyCabiiast kRutptegesiostustiomalodd, RousdedinsniationsciMulisabhinstruction, a
Quantize 5ipstruction, a Reround instruction , a Subtract instruction, and the like. Includj quantum
exception B TAT e HBIE 1 R 1 A CH L e e REL s LSBBY s PR Gh R i
different waysttoctetect drdntideteatgiantimest éptio he ard ipsovides flekibility indetecting inexact
result e*"eiitqgﬁ%f i%%é'%ilti¥1s!&%%%%Cté%%'af‘aeﬁé%&e%rgls%%‘zl&&%‘oc‘?%t&&ﬁﬁial'%? %ggﬁ,mzf ?%]9' jerent
processing when an arithmetic operation is expected to produce a re dit with, Tor exa ae, implicit
cohversion ssteygioit edivevsibmisatolisen adubtysemgnwhen amdahithhetic operation results in, for
example, floor and ceil operations as defined by various software programming languages. An

example of an environment where unexpected implicit conversions may occur is a case where

software 15¢6bifg AGHARGPSTRIPSR et Alddim indtedwpithyrucierpreeimsibthatcthe

hardware ugemMhiah Hhe-satbyareisreeHISRYS Ueh& 6Ra8: 8@%&%‘5&%&%&%@%@%% upon its
greater precision, determines that the specified calculation is able to maintain the preferred quantum.

However, tRENHRFTELIRICH Sriscrius praassissu i iseruant this by dhdcthitineaetAdss condition
is| gnexpectegiyiepcepiiielatoWoperaminedifexachiess siasulting.AQiiemexplsirsesyersions, e.g.,
chopping off bits, should not result jn alterj rogram execution. In.a case of an implicit conversion
botoon dAEEL AR b u A er (IO B SRS AT SIS Ghouid b
detected arigtpregrdamexpsusiontshonl diteradttr egdarithatcaseinSiacexinaphcthessis oag component

of a quantum Igsﬁc,dn%%glgg;ga ng}ra(larli Is ggg%ged in one preferred embo%nfnent to coqlrol quantum

8 i

: & are programiming languapes, amplé of a .
exception d(()ERECatIOI’l, an Fhé Brocessmg respo%sgrs (0] &OCC%H’I’%HCG o) %ﬁOSg quan?um exceptions,
on an instruztieribasis where unexpected implicit conversions may occur is a case where software

I5 decimal floating point implementations are emulated with greater precision that the hardware
upon which the software executes. In such a case, the software environment, based upon its
greater precision, determines that the specified calculation is able to maintain the preferred
gquantum. However, the hardware, which has less precision, must round the result and an
inexactness condition is unexpectedly encountered. However, the “inexactness” resulting

20 from explicit conversions, ¢.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 exceptions, on an instruction

basis.

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

instructions that is used fo 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 exception control bits (XqC bits) are encoded into a Rounding Mode

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



In one preferred embodiment, the control field of the selected decimal floating point instructions that is
used to control other exceptions is expanded to also encode a quantum 30exception control field
including g tion control bits (e.g., XgC bits). In one exampleﬁf t xception
control bitsﬁétg%?gggﬁ encoded into a Rounding Mode Control field (R Sﬁgﬁ#’e}d gge[%cted decimal
floating point instructions. The RMC field of WO 2011/147483PCT/EP2010/067054 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. In this example, the quantum exception
control fieldopkeaenprfes ethenbogimeatisaloeaiesd do.vplvesad heBupiG figld seual to 1 through 7.
Values of the RMC fie df.eq alto 51 g%\rﬁough? enable qu ntLng exceFtions andé)icﬁjggecifég rounding
modes for tRESAOVSN] §.%¥tﬁ%&°ﬁ%&° RSP EEE S TUBRY LA CBHE {6 VA2 BPE%r 8 through
15 results inmihid etectign, disyantum exepptionsnabefidkagairsirafticnisaleéxaeattad. RMC field
values equajio g yalue 9L INAUITe hwevet SSUILID deteclon of guantumexcepigng and
corresponding altéring o the program execution. 10 FIG Flllustrates & decima Ioatlngq point operation
exécution 200irgk dorddne quaitho e préfersed @mbostineeit witbogresens floventiorvaltke decimal

floating poi-ARRIAHIOR ReeRUtIaR #U0REINEIMIRREINING. KA of dlECinalfinatig.aay gperation

instruction for execution by a decimal floating point unit 102. In one preferre iment, the

received 158e8mealifie alAyapbIant Srepivsn TismubtisnistpaiotasronaiedtMOAPowmant memory
152 and is rec@iMed YIS PIQFIDH MIRNG -1 24:aft 3 CRMRHIE RTRRERSA OOy Hhe Arpgram

controller 124 issues the received decimal floating point operation instruction to a decimal floating
point unit 1E0F6TREREEiBIETTRESHESBTRFa 815BWhent, the decimal floating point instruction
specifies a first source operand, Operand A 102, and a second 20source operand, Operand B 104.
Although these two, source operands are illustrated as, residing in the floating point regjsters 108,
various addraGstd HBAEs st Tt 8PS ARy SHErEE ™ A SRR ER BN that are
located in varideiscieeatintiscasds thadersioadytpracttienkesnal arsinagpskil dpdhgiart in light of the

present discussion. he processing contin by.reading, at 204, the first source operand, Operand
= et A G B e B S e et

A 102, and Fés ing, a
able to acceptor®wbpwdecoperdnasigiman instidctidn progeskortheohghiarytstitableimdans. The

pigferred avan il [seibia heradiced e seeived deeimal fating ginf gRsgption s then
determined, at 208. In one preferred embodiment, the preferred quantum is _
152 and is received by the program controller 124 of a computer processor 100, The
program controller 124 issues the received decimal floating point operation instruction to 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 illustrated as
residing in the floating point registers 108, various addressing modes are able to be used to

specify source and destination operands that are Jocated in various locations, as is

understood by practitioners of ordinary skill in the art in 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 into an mstruction processor through any suitable means.
The preferred quantum for the result to be produced by the received decimal floating point
operation 1s 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 Operand B 104.



- 30determined based at least in part on the values of the two source operands, Operand A 102 and
Operand B 104. WO 20 1/147483PCT/EP2010/067054 12 The decimal floating point operation

specified by&l@p&g&”@ﬁ decimal floating point instruction is then perfornﬁdnﬁg%ilfg,né(ggtermination
is made, at 212, if the result of the executed decimal floating point instruction maintains the preferred

guantum for that result. 5If the result of the decimal-ffoating point operation failed to maintain 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 theNiestdt phA eatur eiceoptatipaiesif ekoe phio oAl gentydhql dloltnegxsaption control

mask is able to be.set in an exception cantrol register. 106, ar a quan e tion . 10¢gntrol bit or
ok 15 able 15 8 LU0 TGOt M R B P e T S et iions. In a
case of encodingaguintionl Exeentipoigonttolditsimtontdsitheginistred oasiuon®prieferesdtembodiment
reads the quantum 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.

159If the quéﬂﬂmﬁeewé@ﬁtkmdmagkl iﬂ@é@gmhédzpataz@o,f@élﬁét@@?w@ipﬁb@@gs&rrgtbqeismﬁzso, the
result of the,decimal foating;peint oparLgR. Nicag eyl AL ASINRERR P eaHen 123k Syigh as the result

register 120 of the floating point registers 108. The guantum exception is indicated by an output to the
program confrdhes e ebRKsingackaprderedenbpibgrath OBk Qo BB amKidterrupt
handler. If thgQuaptun.exreptiroumasikisrdeieiminedx@lpddd, 18 palba selnthe auanism exception

does not cause a trap of the program execution but rather the quantum exception is noted for later
processing. RItHE Bagk BRI Banth i SXEEpTIP MR D Lt e Prd BBELNG 1 SRECSS preferred
engbodimendsstont bitalr 2221 theviessidriaadeasutbendestinateddecdliarnklthistiehdsthe result

ister 12Q of the floati int ist 08. Th t tion is indicated by setti
cutntun e EURHEH L35 i 4 G145 S0 FRh A AL IR AP S hn AR 301 e

decimal floatistgupoint oper atiderpd dotmdaneh 240 rodugadianesutipiiad coairdhingdr mask,
that is encoded into the machine language instruction and uses that value for the duration of
the execution of that machine language instraction.

15

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

20 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 is noted for
later processing. In the case of the quantum exception mask being set, the processing of one
25 preferred 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 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 location 120 of the floating point registers 108. It is noted



the preferred quantum, that result is stored, at 214. In one preferred embodiment, the result is stored
in a result or destination location 120 of the floating point registers 108. It is noted WO

2011/14748%!393’{1?.@;&%0/067054 13 that if the result of the decimal ﬂanEQJEPiﬁI(f?(%%Qﬂon
& :

maintained the preferred quantum, the value or state, of the quantum exception flag 122 is not affected.
By leaving the state of the quantum exception flag 132 unaffected, the indication of an occurrence of a
guantum exception that occurred in a previously executed decimal floating point instruction is
5maintained in the quantum exception flag, and subsequent processing is able to examine the
quantum extgeptioh:flag: 22 te detanalifiedfithe vasuippraducediixyiactato erderafdnatmtations may
have been affected b uantum exception occurrin ring th ecution of that sequence of
instructio nsﬂfov,& & rogtso%%é)a{g eredl) %%ll?tef ﬁ?%)rns%%ﬁgnlg %lhicsa %)ltﬁ g%fi%ﬁrﬁ 8éxﬁg)§rg?%vﬁnﬁat§ e g?%z(ﬁethe
processing tetenaninessatc@40r iflthd 2 are fivoredinstrustiorimtooé ke cuter@me pfefeneduiembodiment of
the present pygianalaus A, seausnee lnsitelinns e e deinGd 8 ReigxerRusd It the quantum
exception mas uri

> n_ot S(?t such that a uantpm exceptlon occurring ‘g qny InStI’UCtIOI'] of that
sefuence wilkiedrisedarstickguguanerr exiteptlan fiad subsciy e Becaisnd Saiblw lecrtminghwith the

execution Oﬁﬁgﬁhﬁ?%gﬁﬁrpﬁéﬁsﬁﬁ%%%ﬂ?ﬁe%ﬁ‘fé’rgﬁﬁ{%%-zﬁéﬁ%?&o% laghd2erimdherigramined,

as described below, to determine if a quantum exception occurred during the sequence of instructions.
If the sticky BtiahtirPese aPGeRdRy M PRIgLESATIHEE WrBE e 4 EM St BB Rl Bsuch a
sequence ofNStHISHIRSRIQEAM execution is altered to execute special processing in response to
the occurrence of the 20quantum change that addresses the occurrence of the quantum exception. If
more instructions exist, a determination is made, at 242, if the next instruction is a decimal floating

point instructifag- dothe: extdngtruction is sctecitial jloating paiattiostliglian2hetps peasskigereturns to
receiving, at 202, that dezg'{)na}foatin %oint.instruction. If the nex 25inst{uctié)ni npt a e?imal
& 1Ted S

floating poirft RetHistich, FOEE g PR PR S YR S B TR TRY “at 240" OB

there At mord instructions to
execute. Wherpnsamare ¢nstruetions sempinte beiestectited, tthecpidoesisioyodanetpiefetréc

embodiment c%%%%%%etngg%%r&r&%t gi_ttzsééi &5@% %Ja%ntum exc%Btlon fl%q 122 has been set. 30As

described a%%ave, e processing sets the quantum exctgrpﬁieo}ﬁc r%g ﬁ?ﬁguqu%\% ﬁlr%ﬁgfggption
instruction of that sequence will cause a sticky quantum exception flag 122 to be set and
15 allow continuing with the execution of that sequence of instructions. The sticky quantum
exception flag 122 is then examined, as described below, to determine it 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 end of such a sequence of instructions, program
execution is altered to execute special processing in response to the occurrence of the

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

If more instructions exist, a determination is 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. If the next

25 mstruction 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.
30 As described above, the processing sets the quantum exception flag if the quantum exception

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

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



mask has not been set.and a quantum exception occurred during a sequence of program instructions.
In the case of the quantum exception flag having been set, the processing WO

2011/14748%%3’{55%9 0/067054 14 performs, at 246, processing to acqgﬁmpg%%ép@ Previously
detected quarﬁum exception event. The processing then ends. Information Processing System 5 As

will be appreciated by one skilled in the art, aspectsléf the present invention may be embodied as a
system, method or computer program product. Accordingly, aspects of the present invention may take
the form of an entirety hardware preferred embodiment, an entirely software preferred embodiment

(including fipaanes, wIgdeniseftwasas micsacndecletedvasan petersedembadimeptisembining
software and hardyare aspects %}Fat may all generally be referred to herein as a "circuit,” "module” or
"system." FOrRErmBFd SEpEt. BF @ Bresent invention may take the form of a computer program
product embodied in one or more computer readable medium(s) having computer readable program

code embor{i ! theg[eon 15 An¥lc m?ination of one or more computer readable medium(s) may be
o normation Pr(g:eBTl %’I (511 .
utilized. The computer readable fedium may be a computer readable storage medium. A computer

readable storage medium may be, for example, but not limited to, an electronic, magnetic, optical,

electromagﬁes“&iﬁ'ﬁéa{é 85@8%9&%8@8?X?ﬁ%%*t?z(%BQ&%tH?tk%r Sﬂﬁﬁmgéﬁ’%ﬁ;e%% jable

combination of the foregoing More specific examples (a non-exhaustive list mputer readable

storage mediabadirsusd driottigetmsthsiibovi aernav & erttan cophettidacreidyo AR Bttndrdsvires, a
portable comLter HiRk@iie Rb At disk rAHANdNR.REEE 5SS ME RO RAM). AvSAd:QRI% memory

(ROM), an erasable programmable read-only memory (EPROM or Flash memory), an optical fiber, a
portable coMpEediRE YaERE R RITHORA PERE HIRBINE AHBptarstisiay sdevice, BisHasAic storage
deyice, or apy suitaklercembinativnialdhe jarsaaingofivihe santexwithisdecumeMapgpmputer
readable storage medium may be any tangible medium that can contain, or store a program for use by
or in conne&FBH It EAS &?ﬂ%ﬂ O ERet o SYtte M“}%BH%%E%@%@%&F%@%ME%ram
code for carihypgeesti: epasiiionsior aspeethoh hit piesertiprepton pialict embodied in one or
more computer readable medinm(s) having computer readable program code embodied
thereon.
15
Any combination of one or more computer readable medium(s) 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 electronic, 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 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 programmable read-only memory
{EPROM or Flash memory), an optical fiber, a portable compact disc read-only memory
25 (CD-ROM), an optical storage device, a magnetic storage device, or any suitable
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 carrying out operations for aspects of the present invention may
be written in any combination of one or more programming languages, including an object

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



be written in any combination of one or.more programming languages, including an object oriented
programming language such as Java, Smalltalk, CT+ or the like and conventional WO “

2011/14748%}3%3'{5&2%0/067054 15 procedural programming Ianguage;C m(ﬁ% [BIR%;?'
programming ?anguage or similar programming Ianq:%ages. The program code may execute entirely on

the user's computer, partly on the user's computer, as a stand-alone software package, partly on the
user's computer and partly on a remote computer or entirely on the remote computer or server. In 5
the latter scenario, the remote computer may be connected to the user's computer through any type of

network, ingltsbagalpeahareaing it N)@ra wideaine detveile (AN srthientennection may
be made to an external ﬁt:om uter éfgr exam%e, t rog%%h the Int_ern%‘kysintg]'e:n Internet Ste(vice
Provider). 1GREFEUE 6} tH|SteCent USRS S1e-dBSchbed SeloW Wit réfereHce to R iiEnart

illustrations ndyarmliecksdiagranms:ief, methnds!-dppasatusafs)stems), aadigomputasgpogram products
according to(pref rred gmb(l)diments of the inV(gntion. vaiill be Hnders ood tha% each bloclf]of the
C er an it 071 i

flowchart illuStrations an or)b?cr)lc&krﬁ}l%%trea%gfpgne Com 1r|ﬁz¥t|ong'%{%Tc?cﬁgolnm?ﬁeeﬁgwgﬁ‘é% fustrations

an8/or bIc_)ckhdibéglfamn@Hn, b@impﬁmmﬂt@ymmmwgim@ﬂswmm@mhqmputer
program inSifyGlans Ay, be, PIAYINSL 10 BRIARERRAL61A GSe/ Bl BUHESE QAN Apogial purpose

computer, or other programmable data processing apparatus to produce a machine, such that the
instructions *WhRcEPERRE ifte Wity (e prée Es3b CURTAE comipiite (o etaaIPpolravsmais|Bttarst processing
apparatus, gtealemeans-faimplementing. the functions/acts specified in the flowchart and/or block
diagram block or 20blocks. 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

deyices to fupgtian #f APaBicHan RN SHGRABal e Nstuctikse stowdiliRcompwiasseadable
25medium pro ucla}gila rticle of man faf%ture including instruct!@‘flg‘?s which implement the function/act
9

specified in th& %o S DIDER ARy PRRG BB S Bt BRI OB RUI RS Rog R Rstructions
may also bedoadit: aniardemimpuilerdoibet pragramonble tatareaadsingoiparaios biycather

devices to cause a series of operational 30steps to be performed on the uter, other
B g owc%ar{ 1ﬁustraﬁc])ns n%r%??ctﬁalagram,%mj com matrgons ogg{ggcs n the

programmable apparatus or other devices 10
flowchart illustrations and/or block diagrams, can be implemented by computer program

15 instructions. These computer program instructions may be provided to 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 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
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 a particular manner, such that the mstructions stored in the computer readabie
25 medium 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



produce a computer implemented process such that the instructions which execute on the WO )
2011/147483PCT/EP2010/067054 16 computer or other programmable apparatus provide processes

for implemegting th tions/acts specified in the flowchart and/or block di ck or blocks.
Referring ncﬂfthg“ I‘E@J‘%g %vhich is a block diagram illustrating an informat%%@&%@s@%ﬂ 4system 300

that can be utilized in conjunction with processor 108 discussed above with respect to FIG. 1. 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 pa&q}gﬁhsirw s&ﬁqﬁmgm@b@%ﬁ@a&b? HEOTNa P PIACRS SNU SHSIERY 3@9l b(xj/ preferred
embodiments of the present.invention. 10 The information processjng syst 00 includes a computer
302. The co%‘%?ﬁﬁ’f’élrsé%ﬁ ﬁ%@’i?%fd%é?é é@f%ﬁ%@?ﬁﬂ@%r@éﬁ@%ﬁ%@é’&gg mory 306, memory
322, mass storage interface 308, and network adapter hardware 310. A system bus 312 interconnects
these systefy. pOmAGNDtS i T, mees, o9iade Jitertace 308 i used fo connect mass, storage
devices, such as ata storage device fﬁ, 10 The hormaton pro ssingosys em 386~ e specific type
of 8ata storagecdeyidetistanroptivtlideiVe sughies ianCHDMDedsive | Othitivmsyt beowsedtto store data to

and read dafa from,a-AgMPUFEL ES%‘?&Q{%H}%%%& %9%2@998&%@%& é@yé??gt limited to) a

20CD/DVD 316. Another type of data storage device storage device configured to support,

for exampleSONFRSeH peositsssisteprBplenioh s M spiting systera trseshdambidensdédon the
memory 32%@p@e§éﬂﬁ§£%ﬂﬂb!ﬁ“%%@&1{??@:@@@%@)&%%%%!% %%ot&f-s‘shig Wttt s YREQYS XP, and

Windows Server 2003 250perating system, Preferred embodiments of thé present invention are able
to use any SiR&FBIRMAHNE BFRGRNG syeR? 8 dmarpiarsd smadbommehticorasenpiBsaiiohvention
uiize architectures, such as an object oriented framework mechanism, that allows instructions of the
components of pperating system (not showndﬂt)o be executed on aﬁgggprocessor located within the

information proCEOLY S)JtRCE0s PR HetiibrCHEsD ferHaPHFard 31 hncawuter 302 has a

processor(s) 304 that is connected to a cache memory 306, memory 322, mass storage
nterface 308, and network adapter hardware 310. A systern bus 312 interconnects these
system components.
15
The mass storage interface 308 is 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 is an optical drive such as a CD/DVD drive, which may be used to 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 is 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 systen. 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) to be executed on any processor located
within the information processing system 300. The network adapter hardware 310 in one

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

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



30preferred embodiment provides network communications interfaces to one or more networks 320.
Preferred embodiments of the present invention are able to be adapted to work with WO

2011/14748 0/067054 17 any data communications connecti includi resent day
Rosahes R

analog and/or niques or via a future networking mechanism. T rt and block
diagrams in the figures illustrate the architecture, fu}{étionality, and 5operation of possible
implementations of systems, methods and computer program products according to various preferred
embodiments of the present invention. In this regard, each block in the flowchart or block diagrams

may represeiy dmeduienseementcamperian iat cage; which cenisesQ08 OfinRIeLKeRutEable
instructions forﬁ.impéfe%mentin\g the specified logical function(s). It should also be noted that, in some
alternative iR pTéMEHESRE SHEEORTCABIE noted in the block may occur out of the order noted in the
figures. For example, two blocks shown in succession may, in fact, be executed substantially

concurrently, orthe blocks metimes he executed in the reverse order, depending upgn the
functionaiiy TSV TC A SRELHEAEY ol oaEH DO B bOCk e e ot G
illustration, apdatombiations ofplotksiiatitine bicgk chiagmetie dneaidrciowoharigstratiodpdScan be
pleentest Ry SRE R MIROSE AR BARSA. YNIRTIANAL OGN e aRSelled Wagtons or acts
or combinations of special purpose hardware and computer instructions. Non-Liniiting Examples
20Althoughtprdcifi¢hsr8farrbarboniinéngsasist e yriveriion Bavedbise regisendsedativserhaving

ordinary skilljg.then it withprgiersiand fhat %Q@&ﬂ@a_eca@thf‘cmﬁgﬁ)m@%%@ﬁﬁﬁ' RERIRIRR 4

embodiments without departing from the scope of the invention. The scope of the invention is not to be

restricted, tHREEREIEHARE)sHetinelprdrere aUrdobeinieracalgmatvaiernieaemations dpended
claims covemanyoandadisHeh-anplicatianssanasifisatiensdansopsgtaredsgaamedismentsdvithin the
scope of the present invention. ) , )
two blocks shown m succession may, in fact, be executed substantially concurrently, or the
blocks may sometimes be executed in the reverse order, depending upon the functionality
mvolved. 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,
15 can be implemented by special purpose hardware-based systems that perform the specified

functions or acts, or combinations of special purpose hardware and computer instructions.
Nor-Limiting Exampies

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 not to be restricted, therefore, to the specific preferred embodiments, and it is intended that
the appended claims cover any and all such applications, modifications, and preferred

25 embodiments within the scope of the present invention.



18 CLAIMS 1. A method for detecting decimal floating point quantum exceptions, the method
comprising: performing the following with a processor: accepting at least one decimal floating point
operand; obtaining a machine instruction comprising an opcode for a decimal floating point
operation; and executing the machine instruction, the executing comprising: determining a
preferred quantum based upon the at least one dééimal floating point operand, the preferred quantum
indicating a defined value represented by a least significant digit of a significand of the decimal floating
point result; performing a decimal floating peipiggeration on the at least one decimal floating point
operand to produce a decimal floating point result; determining, in response to the performing and
determining the preferred quantum, that a quantum of the decimal floating point result is different than
the preférred quamtbn fandetectiny deiding| floatsppoistaeatiient eksapivirg thextteibaguantum of the
decimalcgpﬁiﬁg%gpint result is different than the preferred quantum, an output indicating a quantum
exception, the guantum exception occurring only in response to the quantum of the decimal floating

point result beRRSEL e RIS LR BB RISATUM. 2. The method of claim 1, the providing an
‘output comprisineepitiray Japstesporssrta!detating pivig thetrdnd; qguantum of the decimal floating point

result is differeyt g e RIRIRU RAAIARNIB A AAILIDSILRALPY B33 TEIGWsthad of claim 1, the

providing an output comprising triggering a software execution trap. 4. The method of claim 1, further
comprist§aHameIfing a quantum exception flag in one of a set state and a not set state; maintaining
a quantum exceptiotngikekrincbire disirsefistatecandaiting sehstategexecuting a sequence of program

instructions, th@e?e%ﬂa%ﬂ&@ BJe?éRQEaﬁUARﬁIm%%QQS‘ upon the at least one decimal floating point

operand, the preferred quantum indicating a defined value represenied by a least significant
digit of a significand of the deéimaE floating point result; _

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

determining, in response to the performing and determining the prefetred quantum, that
a quantum of the decimal floating point result is different than the preferred quantum; and

providing, in response to the determining that the quantum of the decimal floating point
result is different than the preferred quantum, an output indicating a quantum exception, the
quantum exception occurring only in response fo the quantum of the decimal floating point result

being different than the preferred quantum.

2. The method of claim 1, the providing an output comprising setting, in response {o
determining that the quantum of the decimal floating point result is different than the preferred

guantum, a guantum exception flag.

3. The method of claim 1, the providing an oufput comprising triggering a software
execution frap.

4. The method of claim 1, further comprising:
maintaining a quantum exception flag in one of a set state and a not set state;
maintaining a quanium exception mask in one of a set state and a not set state;
executing a sequence of program instructions, the sequencé of program instructions
comprising the machine instruction;

storing the decimal floating point result into a destination storage location;



comprising the machine instruction; storing the decimal floating point result into a destination storage
location; 19 continuing, in response to the quantum exception mask being in the not set state and
determining that the quantum of the decimal floating point result is different than the preferred
guantum, execution of the sequence of instructions; and trapping, in response to the quantum
exception mask being in the set state and determi”ﬁing that the quantum of the decimal floating point
result is different than the preferred quantum, execution of the sequence of program instructions, the

trapping CoMPESIAG.AEGHHNSS-BE0E MO dDEREIMPLRANEISY ransk thenarevicing theruirusgeMprising

tting th ant tion flag into t tstate. 5. Th thod. of claim 4, furth ising:
Gotormy G S LA BL LT 0 L DAL EUT rapla TGP A I B

exceptiopdlatgrs axsbaisebsthtesamence ohltetingliprep@ash execution, in response to determining that
the quantum e%EE&HBHrT'?&éB%rH@é'B@tﬁ%’ﬂé&’iﬁ:%@ﬁ%ﬁ%%ﬂ Rieieupestingtaesgquence of
r

program instructions, to address the .occurrence of the quantum excefPtion. 6. Tﬂe method of claim 4,
maintaiffig AL §aHiAURE SAEaBB P HRSRIFRLP G RPN Pl s GOERRMNSRESTH mask value
encodediintdwnexehitior ar theagmiinstraciignogorre studitgdotiedragting tiom fositigeedeciial floating

point opghng%hﬁ[mm@gmgrtg%uantum exception mask comprising using, for a duration of
execution of the instruction for the decimal floating point operation, the quantum exception mask value.

7. The methodl™®t PIAHATRI DR ERHECGIIRRRINY BRI MRS VAGEeRIER S5 4Yarts SRt @& ption

control field of the machine language instruction, the exception control field further encoding exception

masks fgr Othefﬁéoﬁgﬁ%cpw&a%%ﬂﬂﬂﬂér C%nﬁ,%( em for detecting decimal floating point quantum

exceptions, the system comprising: a memory; an a processor communicatively coupled to the

21T y; al ! !
memory, wher&fieHd B i e B IRGOR R AYS e AL B g R B S lhi™t least one
decimaldieaing poaptapetand; in the set state; and

altering program execution, in response to determining that the quantum exception flag
is in the set state and subsequent to the executing the sequence of program instructions, to

address the occurrence of the quantum exception.

8. The method of claim 4, maintaining the quantum exception mask further comprising:
reading a quantum exception mask value encoded into a machine language instruction
corresponding to the instruction for the decimal floating point operation,

the maintaining the quantum exception mask comprising using, for a duration of execution of the

instruction for the decimal fioating point operation, the quantum exception mask value.

7. The method of claim 6, where the quantum exception mask value is encoded info an
exception control field of the machine language instruction, the excepiion control field further

encoding exception masks for other floating point exceptions.

8. A system for detecting decimal floating point quantum exceptions, the system
comprising: |

a memory, and

a processor communicatively coupled to the memory, wherein the processor comprises
an instruction processor configured fo:

accept at least one decimal ficating point operand;

obtain a machine instruction comprising an opcode for a decimal floating point operation;

and



obtain a machine instruction comprising an opcode for a decimal floating point operation; 20 execute
the machine instruction, comprising: determining a preferred quantum based upon the at least one
decimal floating point operand, the preferred quantum indicating a defined value represented by a
least significant digit of a significand of the decimal floating point result; and performing a decimal
floating point operation on the at least one decimat%loating point operand to produce a decimal floating
point result; a quantum exception detector for determining, in response to the instruction processor

performing the gggmgéqﬂgegr%qiggt%%ﬂ?igwgi@{esponse to determining the preferred quantum,

that a quantum of the decimal floating point result is different than the preferred quantum; and a

- O P ! !
quantum exceSiRRITERRE ARIRIRATTE APREHEIRFSH reibihsPidearr eRafesimaioalns AiBtector
determirspgrihat the qeatimyodthendedivaitdlaattfiggbint e setrésaliféerep ttlzant thigniffedetred

quamunhi%?o?‘d@@hﬁ%ﬁ&%@%? Mgﬂ%mwmprégﬁggg@tum exception occurring only in response
e

to the quantum o decimal floating point résult being different than the preferred quantum. 9. The
system of clainPBTHeiaRRFMeXiEpier i shsstion PedifigUres B seterimamies Rpktermining
that quaspemrexeepiandeiericomadetesmyipgithaisiie quantum of the decimal floating point result is

diferent than the, BLE(GHed QAR GHAPUID RAEERION 120:010 T HE RIS SISy e

guantum excepati%n response unit configured to provide an output comprising triggering a software
executiopeffapningihe Kedyadieedne apntereatipR ROEHD FeSRoREs 48 CRIFIHERBE e RrE& T8 Imaintain a
quantunyexeeptionatiaginsnm of heeksinte fudisy noirsetsidte; diairtaithandtanteferexdeption mask
in one of a set state and a not set state; execute a sequence of program instructions, the sequence of
programqinstrucfions comprising the machine instruction; store the decimal floating point result into a
destination stofhgeaBERtBFEEPIONISRIRANRES 1SRN RpR §oRRIERT LEPIRIHURZICBRIRNY in the
not set sgatecistchdhe@wan whatenseptiaideietiotdateimicangdhalrhesitagdifisehtiieadesimal floating

Point res Ul e N D G TRE S B iR P ESHERRL AT S RRANPR e b iRy and
only in response to the quanturn of the decimal floating point result being different than the

preferred guantum.

g. The system of claim 8, the quantum exception response unit configured fo set, in
response to determining that quantum exception detector determining that the quantum of the

decimal floating point result is different than the preferred quantum, a quantum exception flag.

10. The system of claim 8, the quantum exception response unit configured to provide an

output comprising triggering a software execution irap.

11. The system of claim &:

the instruction processor further configured to:

maintain a guantum exception flag in one of a set state and a not set state,;

maintain a quantum exception mask in one of a set state and a not set state;

execuie a sequence of program instructions, the sequence of program instructions
comprising the machine instruction,

store the decimal floating point result into a destination storage location;

continue, in response o the quantum exception mask being in the not set state and the
quantum exception detector determining that the guantum of the decimal floating point result is

different than the preferred quantum; execution of the segquence of instructions; and



21 trap, in response to the quantum exception mask being in the set state and the quantum
exception detector determining that the quantum of the decimal floating point result is different than the
preferred quantum, execution of the sequence of program instructions, the quantum exception '
response unit traps execution by causing the instruction processor to execute a program interrupt
handler; and the quantum exception responsé]unit further configured to set the quantum exception
flag into the set state in response to determining that the quantum of the decimal floating point result is

different than the prefered QRN ARuhhe SHIENhRIR Bl d h thesnsietian precRRsaIfurther
configured to: determine, subsequent to the exe%%r‘]g the sei,g)u?nce QfFro r?rgdgf%trréjn%tions, that
the quaRtGRPEXRERIRFCHAGREMIEAG Bat tafahian ©F VREFETRia a%8eiidR

JR.1h reSponse to
determitiiag thapthzgednuan.exceptiotidiay bdrsdaeseesthtecgratrsinbsacfiiens: tbetkheantenuting the

SeqUenc LLRUARNSIYAIIONS, 10 28iess, DS, oFHENRS Shle AANMP S eRler, 13. The

system of claim 11, the instruction processor further configured to: read a quantum exception
mask vARI@TRGIeTUR53HRCRNe language instruction corresponding to the instruction for the
decimal floatinghpeimrtperatmtiandesponasenfoiua turatidigwie ke satitwe glimtuinstxaentenfor the

decimal %ﬁﬂ%ﬁ@&% QRALAL D AhG S UARLAIR X SERa  RRaRls MRS t%é-dgaﬁn%‘!/ﬂ%ﬁhg‘})@iﬁim 13,
t the machine

wherein the quantum exception mask value is encoded into an exception control field o
languag@Hitit Bl Thb ax eGP EEATEPABIT further encoding exception masks for other floating
point exceptions. 15. A computer program product for detecting decimal floating point quantum

exceptions, the-gg %‘t‘éﬁ{ B OgraAMMPIRI Ul SR iBSks sor @RI adRigIRA| Y readable by a

processing circuit and storing instructions for execution by the processing_circuit for performing a
‘method compriAfimivR Pttt RIeIdevh eXaELHna D SRAPPEH R SRR NS TUGBRINTY Xnachine
instructigu:eeurpEstagtan Hpgade for sctesitmaldtbating point operation; and executing the machine

instruction, thea%?%%%rﬁ%%&ﬁm 'in%gsponse to determining that the guantum exception flag is in
the set state and subseguent fo the executing the sequence of program instructions, to address

the occurrence of the quantum exception.

13. The system of claim 11, the instruction processor further configured fo:

read a quantum exception mask vaiue encoded into a machine ianguage instruction
éorresponding 1o the instruction for the decimal floating point operation; and

use, for a duration of execution of the instruction for the decimal floating point operation,

the quantum exception mask value.

14, The system of claim 13, wherein the quantum exception mask value is encoded into an
exception contro! field of the machine language instruction, the exception control field further

encoding exception masks for other floating point exceptions.

15. A computer program product for detecting decimal floating point guantum exceptions,
the computer program product comprising:

a storage medium readable by a processing circuit and storing instructions for execution
by the processing circuit for performing a method comprising:

accepting at least one decimal floating poirﬁ operand;

obtaining a machine instruction comprising an opcode for a decimal fioating point
operation; and

executing the machine instruction, the executing comprising:



determining a preferred quantum based upon the at least one decimal floating point operand, the
preferred quantum indicating a defined value represented by a least significant digit of a significand of
the decimal floating point result; performing a decimal floating point operation on the at least one
decimal floating point operand to produce a decimal floating point result; determining, in response
to the performing and in response to determining fe preferred quantum, that a quantum of the
~decimal floating point result is different than the preferred quantum; and providing, in response to

the detefmininGéﬁ%tﬁiﬁ_&@F&é%@@u%ﬁ%im%@%gﬂrﬁ%ﬂwﬁﬁwhésd@&f@@%ﬂl&_@ Baﬁh?referred
quantum, an output indicating a quantum exceptian, the quantum exception occurring.only in response
0 the oBRAEN T HECH A AL B RO B TN R e et S o, 26 The
computeiigirofjeasigmficaht bUheldirvirt s, ftbelipgovsiintpsntoutput comprising setting, in response to
determining thatheaHaRmRiRhIhe e MahfloaiaRRtRe st apthamiamy ptarred

guantum, a quantum exception fla%]. 17. The, com%)lglter program product of claim 15, the method

further ARSIy PIRSHETRG B ISRI0APRLEERTSh flag in one of a set state and a not set state:
maintaining a gietertuiningxcepspnnsmikine ppdwhingetrstitecandramist driestitg EedqufRjredsequence

of prograi iRsiuglipns, he 56 AUERESHRICHAR RSl Flians i Campdainadh B e instruction;

storing the decimal floating point result into a destination storage location; continuing, in response to
the quattiitité®z8Bfon mask being in the not set state and determining that the quantum of the
decimal floatingrpditingesukspatitiete the iztethrnme thatdbequaamtium , i dee dtoimef hetisgqeéntce of

Instructigns; 30 diseHARRINGe BrEeSPANgELRIRE g«la&&sﬁmﬁaﬁesmm_gaa%mmgé the gt state and
determining that the quantum of the decimal floating point result |fs different t:ifn the r,eferre(ii
quantunﬁ:,UészBenﬁéﬁeafwg@aua%8@'\31*%%@%@{?%&9&%%%8ﬁ%ﬁeﬁm% FHORGUREESHhg a
programbisiter difpdrbaintiter anokefeerpdavidnignthe output comprising setting the quantum exception flag

into the set state. 18. The computer program product of claim 17, the method further comprising: 23

determining, subsequent to the executing the sequence of program instructions, that the guantum
exceptio??flag @hﬁ%@é@é@gf@f@gﬁaroduct of claim 15, the providing an ouiput comprising setting,

in response to determining that the quantum of the decimal floating point result is different than

the preferred quantum, a quantum exception flag.

17. The computer program product of claim 15, the method further comprising:

maintaining a quantum exception flag in one of a set state and a not set state;

maintaining a quantum exception mask in one of a set state and a not set statg,

executing a sequence of program instructions, the sequence of program instructions
comprising the machine instruction;

storing the decimal floating point result into a destination storage location;

continuing, in response io the quantum exception mask being in the not set state and
determining that the quantum of the decimal floating point result is different than the preferred
quantum, execution of the sequence of instructions; and

trapping, in response to the quantum exception mask being in the set state and
determining that the quantum of the decimal floating point result is different than the preferred
quantum, execution of the sequence of program instructions, the trapping comprising executing
a program interrupt handler, and

the providing the output comprising setting the quantum exception flag into the set state.

18. The computer program product of claim 17, the method further comprising:



altering program execution, in response to determining that the quantum exception flag is in the set
state and subsequent to the executing the sequence of program instructions, to address the
occurrence of the quantum exception. 19. The computer program product of claim 17, further
comprising: reading a quantum exception mask value encoded into a machine language
instruction corresponding to the instruction for theédecimal floating point operation, the maintaining the
guantum exception mask comprising using, for a duration of execution of the instruction for the

decimal floating.painhRResationy Ba: & e U aXFRRHER SRasKEbABroiPar idsiadinre ssintheystem
comprising: a memory; a processor communicatively coupled to the memory, wherein the processor
comprisEEntum exeERln @l igr?%feﬁt@g? ??ér determining, in response to performing a decimal

floating point aiteraticpnamaegerriRminfeseiusietial driatnigipe iherdae RuEmHE GXeapidTBjing point

operatiqp jsifferentibansnrsialies: wartum e PieiesgdadartbheiRdreaserbrpan at least one

decimal floating point operand of the decimal floating point operation and indicating a defined value
represeABSEPBS A QASHSRINFCAMGTRR YUY SXiHRENd of the decimal floating point result; and ~ a

guantum exception response unit for providing, in response to the quantum exception detector

determining thay the AHaRiymgiAReArticet fRpting RoipidesHidasfifierent than the preferred

guantum, an output indicating a quantum exception, thezﬂ%@%um exce.ﬁtic?n occurrjnarg&lg in response

to the quantunieaf PRGN BXERT YL §pﬁ]ﬁ'%8ﬂ?§ e RARTHS BPSHESR I GUaRTIMm. 21. The

system obetairdithg hetoe artmmtiexdepthendessp e fkatingt psiot esatintoutput comprising triggering a
softwargexeclion AR 22-ARfYRiE & fRiRL2RoRuRe LSRR RIsingir-RiaN 3niBL exsepting flag that

is changeably assigned a set state and a not set state; and 24 thet_%uant%(m qxception detector
further degigiiomiyhaerMeldapivmAnly areraloaia HY7LHB AL A ERRINRG that the quantum

of the decimal floating point result is different than the preferred quantum, and the quantum exception
respons;ol.mit:A data processing system comprising:

a memory;

a processor communicatively coupled to the memory, wherein the processor comprises:

a quantum exception detector for determining, in response to performing a decimal
floating point operation, that a quantum of a decimal floating point result of the decimal floating
noint operation is different than a preferred quantum, the preferred quantum being based upon
at least one decimal floating point operand of the decimal floating point operation and indicating
a defined value represented by a least significant digit of a significand of the decimat fioating
point result; and

a quantum exception response unit for providing, in response to the guantum exception

detector determining that the quantum of the decimal fioating point result is different than the
prefarred quantum, an output indicating a quantum exception, the quantum exception oceurring
only in response to the quantum of the decimal fioating point result being different than the

preferred guantum.

21.  The system of claim 20, the quantum éxception response unit provides an output

comprising triggering a software execution trap.

22.  The system of claim 20, further comprising:
a quantum exception flag that is changeably assigned a set state and a not set state;

and
a quantum exception mask that is changeably assigned a set state and a not set state,



causes program execution to trap, by causing execution of a program interrupt handler, in response to
the quantum exception mask being assigned the set state and the quantum exception detector
determining that the quantum of the decimal floating point result is different than the preferred
guantum; and causes program execution to continue in response to the quantum exception mask
being assigned the not set state and the quantunf‘éxception detector determining that the quantum of
the decimal floating point result is different than the preferred quantum. 23.The system of claim 22,

further ComI?r ISR ARHNRICLION S Acesser tanbosedioihe queKasrisxa:pEarEngerefwxsnites a
sequence of program instruction rising the, machine instrugction: . ermi quent to
the exe CL T B B A ot R e e T T o e R BB e
set statéeapigferediteanivoyramd execution, in response to determining that the quantum exception flag

is assigned thengel slal@AeesuiseR4eDhREe tg: executing the sequence of program instructions, to
address the occurrence of the quantum %xce tion. . . .
causes program execution 1o trap, by causing execution of a program interrupt handler,
in response to the quantum exception mask being assigned the set state and the quantum
exception detector determining that the quantum of the decimal floating point result is different
than the preferred quantum; and
causes program execution to continue in response to the guanium exception mask being
assigned the not set state and the quantum exception detector determining that the quantum of

the decimal floating point result is different than the preferred quantum.

23. The system of claim 22, further comprising an instruction processor configured to:

execute a sequence of executes a sequence of program instructions comprising the
machine instruction; '

determine, subsequent to the executing the sequence of program instructions, that the
quanfum exception flag is assigned the set state; and

alter program execution, in response to determining that the quantum exception flag is
assigned the set state and subsequent fo the executing the sequence of program instructions,

to address the occurrence of the quantum exception.



