WD 2011/ 147483PCT/ EP2010/ 067054 1 DECI MAL FLOATI NG PO NT QUANTUM EXCEPTI ON
DETECTI ON Techni cal Field 5The present invention generally relates to

el ectroniwoanitttams8i c processors and nore particul arly troTdP@os™a4 Of
particular arithnetic calculation condifions. Background Information

10Deci mal floating point nunbers and floating point nunbers of other

radi ces, such as those defined by the | EEE 754- 2008 Fl oati ng- Poi nt

St andard, are useful for performng certain types of data processing. |EEE
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support the processing defined by th standard. Exanple hardware formats
for | EEE 754- 2008 processors include decinmal floating point data fornmats

t hat are§1582., féi,lﬂand 128 bits in length with defined coefficients of 7,
16, and 3FCQMGPYSWith a specified exponent range. Software processing

envi ronments, such as programm ng | anguages i ncluding Java that support
Deci mal Fl oati ng-Poi nt nunbers, sonetinmes use different |ength
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nunber's val ue, they also contain information representing the scale of the
nunber. For instance, adding nunbers that represent noney in cents wll
gener al | Baskaepywd Iafamationat i s al so represented in cents. Some software

environments enul ate decimal floating point nunber precision and range
25such that . [ L I | nt I ce.r at
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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 in 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 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 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

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



WD 2011/ 147483PCT/ EP2010/ 067054 2 lead to an exact result in the $100, 000
range. However, representing the result as cents in the $100, 000 range with
seven di gwO0riegeisses t he exponent to not be the prefer Pet/EPz@onerss which
woul d i ndicate cents, and the precision,of the result's value will be
correspondi ngly reduced. Perform ng the same cal culation with nore
precision would | ead to an exponent 5indicating cents (10-2) as the scale
of the result. Existing exceptions would not detect this |loss of scale in
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of detecting the above described case. In one exanple, data is checked to
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poi nt results produce cessor formatting limtations. U S. Patent
Publ i cati on Nunmber 2008/ 0270508 for "Detection of potential need to use a

| arger data format in performng floatigg@goint operations” filed April 27,
2007, t e2CHENDGHEE HEPICBRNGHORHEPYIEF 2dovsbgnsthod el deteqtngithgigPoysidatcri§pdr at i on
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the result is sa?e or potentially unsa I ne e-user
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nunbers, each floating-point nunmber having at”|east sign portion, an
exponent digi isiveed e iadivater dspeyat taseaf scelsnpri si ng the steps of converting
a floating-point nunber nenory register representation to a fl oating-point
regi ster representation; rounding the converted floating-point nunber;
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in a new floating-point val ue; and o
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

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 underflow 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



converting the resulting new floating-point register value to a
floating-point nmenory register representation. An apparatus for processing
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oper ands apass armody thptdseritesidn. pr eci si on than the target machine. The high
precision floating point emulator is provided for the emul ati on of subject
program code instructions having a higher precision than that support ed
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operation on the at |east one decimal floating point operand to produce a
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response to the determ ning that the decimal floatlng point result fails to

mai nt ai n higher picepionrtban Gabswpnertedhy Batpaet machfcovi ded i ndi cating an

occurrence of a quantum 30exception.

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 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.



WO 2011/ 147483PCT/ EP2010/ 067054 4 I n anot her preferred enbodi nent, a system
for detecting processing exceptions includes a nenory and a processor
comuni cawpwvelyi4esapl ed to the nmenory. The processor i n@CUGP2018/067054
instruction processor. The instruction processor accepts at |east one

deci mal floating point operand and perforns a decimal floating point
operation on the at | east one decinmal 5floating point operand to produce a
decimal floating point result. The processor also includes a quantum
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I n response Lo t1 2 J¢ éomh % aprﬁo the deci r’r?t %t$0| nt ‘esuldt fails
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readabl e nedi um and | oadable into the internal menory of a digital
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conput er, ormn
exceptions includes a storage rnedlurn 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 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 readable 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.



WO 2011/ 147483PCT/ EP2010/ 067054 5 Brief Description of the Draw ngs The

present invention will now be described, by way of exanple only, with

ref erencewoeopref4ssr ed enbodi nents, as illustrated in tIREeTHEPRI10KWTOGH
figures: 5 FIG 1 illustrates a conputeg processor, in accordance with one
preferred enbodi nent of the present invention; FIG 2 illustrates a

deci mal floating point operation execution, in accordance with one
10preferred enbodi nent of the present invention; and FIG 3 is a bl ock

di agr am igidfPdstipiioh 8'tHeDAWIRES ON processing system according to one
preferred enbodi nent of the present invention. 15DETAILED DESCRI PTI ON As
required, detailed preferred enbodi nents of the present invention are

di scl osedhheracnt; intomeu evill notv hesdekaritted, byndey sf oadhptihatlys With difsehasted
preferred enbodi nenf.s are nerely ex s of the invention, which can be
embodi ed Pﬁfg@%‘f?fgﬁ%&%?ﬁ%ﬁ%@g%@%@%% West ructural and functional
defail s disclosed herein are not to be interpreted as limting, but nerely
as a basis for the clains and as a representative basis for teaching one
ski | | ed iFiGt hdluirates o computouptioyessom inpdccptdengs witle ane preleeredicorbodment of thal | y
any appropriat.ely detailed structure and function. Further, the terns and
phr ases @Eeésal%ﬁg‘(%nﬁnare not intended to be limting, but rather, to provide
an under st andabl e description of the invention. 25 The terns "a" or "an",
as used herein, are defined as one or nore than one. The termplurality, as
used her dil6; 2 illystraies pdecimg! flowingmoins opciHamCtaRBioT ipagcordrnehyithens as used
hﬁf ein, i ?efgﬁéd Qﬁﬁiocﬁﬁleﬁttoﬁtﬁéi@rte &t ﬁlgfgﬂtri](ql'g{ld nore. The terns including and/or
havi ng, £ tsed her e n, are stined as conprising (i.e., open | anguage).
The term coupl ed, as used herein, is 30defined as connected, although not
e o iy eptl drmoRen g o b HhlicTES a8 yefem &g 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 in 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 present invention in virtually 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



decimal floating point operation does not represent the preferred quantum
such as the preferred exponent as defined by the | EEE 754- 2008 st andard.
This is espeoilalalas3useful for software or programm ng | OGERQES/061084
support a decinmal format that has a gregter precision or range than the
hardware upon with it executes because 1t allows detection of 5processing
that exceeds the hardware format. In the context of the present discussion,
"quantunt refers to the "units" of the least significant digit of a
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prieci si orasssimethat eeeedsdhe haydwaisrfesssit the coefficient. The | EEE 754- 2008
standard defines the value of a preferred 15quantum but does not define an
exception for not achieving that preferred value in the result of decimal

f 1 oat i ng Ipdiendonagresthe prsent Wixeuspicant guanexsepifiroro B “ties”Etheddsst and syst ens
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and ranges e easi nmul at on the stan ardl formats and provide
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changes. The |on ne pref rred enbodi ccurs
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cal l ed Rounde Cl anped, the quantum exception of one preferred
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Fl oating-Point Registers (FPRs) and a code identify the except.ion type
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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 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

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



5 Preferred enbodi nents of the present invention operate with deci nal
floating point nunbers. A decimal floating point nunber as defined by

vari ous swendard3483i ncl udi ng | EEE- 754- 2008, has three cocp@PeIoH67084 Si gn
bit, an exponent, and a significand. The magnitude of the nunber, which is
an unsigned value, is the product of the significand and the radix 10

rai sed to the power of the exponent. In a decimal floating point nunber,
the radix is ten (10). The sign of the nunber is positive or negative
dependi n@l&iﬁnmﬁtq{egistf@s &' m) Bhd a b&@lﬁéﬁl@fngQH@exc%ﬁﬁ’&?@bé k8l NttentB8he
significand has an inplied radix point, and its position depends on which
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si gni fi caneky Bad Mesctid So ShWisttal@dnd the radix point is inplied to be

imediately to the right of the entire significand. 20FIG 1 illustrates a
conput er processor 100, in accordance with one preferred enbodlnent of the

present i i I ction
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110 recelves decimal floating point instructions froma p ram control |l er
124, whi JR41200%ihne shrps %P%ﬂﬂepﬁs% PigR Pitod P8 gandp %g@gcm&hm%@% 48 152.
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point unit 110 incl u anpl e, instructions specifying data
ckhhver si oasahtd/the p@tmrqumlhe efxlpoad:ntniyl pdemmabﬁtba:tmg@mm msmber, gerrhdixns ®n one or
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nccept s dLBt Al ShSLThEG B T POpLr AAEe) BRI ouhHar R Dae PGS poi nt
data fromRNe oRk, ABBLRQYr ce registers within the floating point registers

108, 30 performs a specified decinmal floating point operation, and stores
the result into a destination register within the floating poi nt registers.

Data is ner al change he 1| oat. e t.ers 0 and a
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floating p0|nt nunbers according to applicable floating p0|nt processi ng

st andar dsnveguelhre@gesmedem@ﬂpsmmst TrneRers Wih paight wistsaersirWherTie quant um
val ues of }gglpﬁ to%tﬂe“ﬁgﬁﬁﬁén&%{e i d Ogl?qgléﬂpé‘}a%& 1901% 1‘3 %r 1o ftJ oating

poi nt ope a ba rnin quantuntas
defi ned mmnmhemﬂﬁhEMam@h&Mahdamde%@mﬁkhﬁdoutput of that operation. Due to

avail abl e precision in the decimal floating point unit 110, the val ues of

the source operands nmay produce a result that has a quantumthat is

ciq fer entpigy ket EbARRAAUATS D0, FNECONAALATRbNS HRf 83 bolRierf bEnge

fromthe preferred quant of exanple, limt rdware precision
of the delod prasent invattiong Trei computr prokctesot M@ inchusesn Btroctivai prgeossor that
Ibgt %gﬁd!& 5 gde(g A elczlrrlt?éll ﬂogt?ﬁjgl Igoslntotlcmtt ﬂ% ﬁga%?nlgfplo?n re 1setref%t 1'0% and %‘rofgre?r{lences
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 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.



cal cul ati ng hardware precision and precision of software architectures

i ncorporating decimal floating point arithmetic are detected by this |oss
of quant uwodetigl@r486n nechani sm al | owi ng software to det @Ci/BRR@n/osteese is a
need to switch from hardware precision go enulating higher precision, which
provi des a performance optim zed inplenentation. 15 The decinmal floating
point unit 110 of one preferred enbodi nent includes a quantum exception
detector 112. The quantum exception detector 112 detects the occurrence of
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assertion of a quantum excepti on@tzﬁ/ t he quant um exception detector 112. One
to
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control r egi ster. 106 bh%t ol \pﬁésudees one or Imore excent i on. gontr ol masks that
are chané1 H} %88 gW LGP ﬁ%ofmgléct RS TP IRE %l’ %t erred enbodi ment
of5 the present invention, the processor includes a Floating-Point Control
word ( FPC%) as an exanpl e of the exception control register 106.
he 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 decimal floating point unit 110 has a
quantum, 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. 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



10 The exception control register 106 allows, for exanple, setting masks to
control responses to various floating point exceptions, such as the
except i onsodefiimessby the | EEE 754- 2008 standard. |n ad@#CTiEPRomo06H54 ow ng
the definition of masks for exceptions gefined by various standards, one
preferred enbodi nent of the present invention includes an additional mask
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whi ch hasueh grubetjuantahfckeapginn. t han the preferred quantum is witten to the
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softwareS a quantum exc 18 set as a sticky tlag an gram 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 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 one example, some machine language instructions, such

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



15deci mal floating point inplenentations are enulated with greater

preci sion that the hardware upon which the software executes. In such a
case, theweabtmars3envi ronment, based upon its greater PCEFEP010/067054
determ nes that the specified calculatign is able to maintain the preferred
guantum However, the hardware, which has | ess precision, nust round the
result and an i nexactness condition is unexpectedly encountered. However,
the "i nexactness" resulting 20from explicit conversions, e.g., chopping off
bits, shogl&qoin) &Siddantutn &tdepfibN& RO HERMEKE ALhiAB lankladd iRARRLOH (&0
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al so encode a quantum 30exception control field including quantum exception
control bndladiag aguantf@@xbeéitin. cohttoldrieorefkadil @dividual thyandtions exabégtthotse
control bits (XqC bits) are encoded into a Rounding Mbde Control field
(RVC) of of His ssecdpstipgtione i dHeferopt ways tRglefsst einot Astestppnynsexcepiionsindf el d of
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in progr é@ﬁxwycon ition 1s unexpectedly encountered. However, the “inexactness’ résulting
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 exceptions, on an instruction

basis.

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
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



152 and is received by the programcontroller 124 of a conputer processor
100. The program controller 124 issues the received decinmal floating point
oper at i orwonetwvuessson to a decimal floating point unit PCO/HPRI10®K®SUL i ON.
In one preferred enbodi nent, the decingl; 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 registers 108, various addressi ng nodes
are abl e gho cRenMe & Tdur Pk fidld SRUFCRALRED G 36 DRRE R AoRRLT fNMPLdRat are
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i nstruction I ntdins e pr rred quantum for that result. 5If the result
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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 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 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 Operand B 104.



20execution to the programis interrupt handler. If the quantum exception
mask is determ ned, at 220, to not be set, the guantum exception does not
cause a tweapouf14r43@ program executi on but rather the guaoTEPREROEPSS ON i S
noted for |ater processing. In the case,f the quantum exception mask being
set, the processing of one 25preferred enbodi nent stores, at 222, the
result into a result or destination |location 120, such as the result

regi ster 120 of the floating point registers 108. The quantum exception is
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the floating point registers 108. It is noted WO
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point instruction js 5maintained in the quantum exceptl on flag, and
subsequertiCHrbe Byl AT ecHBrRCAY aéi@éﬁ‘iuﬁbe%cﬁ%ﬁ%a%tgﬁﬁﬁr YEBPUMRECEPTERY 122 to
det er m neohioltREKIEFHE lo B QAHFGHLRY @o@c%%sp&glsgﬁ 108 Ufbh@RSexBYidARY e
been affecte y a gquant um except| 0‘?1 occurrin uring the execution of that
sHfuence cofitrolristardcdd srble thdAfcherded timp |1mrgvndhel deeisnl floatig R, mmhusaet ting

t he quantum exce n flag, at t he processing determ.nes 4 if
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executed Wi th the quantum exception mask not set such that a quantum
except i orthasecencoderyintiuthi rtrgwhmy langgagamstnmmoofand hsets tlas yaknder thi dirabamst a
sticky qﬁﬁant umtexcgfq q S8t and 15allow continuing with the
execut i on o THAT" € %ﬂ}éﬂ%c 15f alf%?%%?]ﬁlé o]t%1 The sticky quantum exception
fimg 122 is then exam ned, as described below, to determne if a quantum
exception occurred during the seq[uence of instructions. If the sti ckb/

quant um dkibegupramidxgeptippmask igéeteinineb @t 239, rebe setahe procetsar #oigs, atRdl.end of
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to receiving, at 202, oating point instruction. If the next

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



25instruction is not a decimal floating point instruction, the processing
returns to determning, at 240, if there are nore instructions to execute.
When no mwoeoimgr4sacti ons renmain to be executed, the precesgpragoofosone
preferred enmbodi nent continues to deterygne, at 244, if the quantum
exception flag 122 has been set. 30As descri bed above, the processing sets
the quantum exception flag if the qguantum exception mask has not been set
and a quantum exception occurred during a sequence of program i nstructions.
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invention may take the formof a conmputer program product enbodied in one
or more SBHSOEEP! MEEEBN® nedi un(s) having computer readabl e program code
enbodi ed thereon. 15 Any conbi nati on of one or nore conputer readable
medi um(s) may be utilized. The conputer readable nmedium nmay be a conputer
rdadabl e At tsa)gmg ieckicsurtt, a2 b wpsidteng theadalthm cxceptandlageat A2Hh ﬂna)prd&essuﬂg)r

exanpl e, but not an el ectroni

ol oot r ordgiEnnes. 4 Ao dF Bare s MRS iies 5t s S erreprBired Gubodinertat ce,
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non-exhaustive list) of the conmputer readable storage medi umwoul d include
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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 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 instruction 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



25(CD-ROV), an optical storage device, a magnetic storage device, or any
sui tabl e conbination of the foregoing. In the context of this docunent, a
conput er woadabl4e483t or age nmedi um may be any tangi bl e nmedcumprRéae™an
contain, or store a programfor use by @r in connection with an instruction
execution system apparatus, or device. 30Conputer program code for
carrying out operations for aspects of the present invention may be witten
in any conbi nati on of one or nore progranm ng | anguages, including an

obj ect onlABLRI PSR LAY thADSHRAEIRY A éﬁévid@s‘l’yﬁdet&”f@d Lkl c&pti@f the
| i ke and conventional WO 2011/ 147483PCT/ EP2010/067054 15 procedur al

pr ogr anmicrment! dihgpragessingsthemenrds. t he "C' progranm ng | anguage or sinilar
programm ng | anguages. The program code nay execute entirely on the user's
conputer, partly on the user's conputer, as a stand-al one software package,

partly omnnidimatidaProc&simgSysfensand partly on a renote conputer or entirely
on the renote conputer or server. In 5the latter scenario, the renote

conputer may be connected to the user's conputer through any type of

net wor k, 4 i . r r [ i de. k (WAN),
or the ccélsnwé@tl oa%glrrregilalt%fe@rr% eS%? %)eﬂgltrl\\{%x é%ﬁ%&scogﬁ%eﬁfr\égrequgéﬁg% g% 4 eg, t hr ough
t he | nt ercatbdi¢d iang sestcthninethoé br GanpiteeprBgaw gtodyct. AEdsdiaglysaspctt bethpr esent

i nvention are described below with reference to flowhart il]ustrations
and/ or bIPEBRINEHH IQAEnaytalRsthp doren o fanirat isgly fardeipes RgETed §EbeBIMI-e progr am

products .ac j . I i; § v be
Ender st ooy iehL Ay BBl AL RB I Srhhyh OcLME QOO b
ditagr ans ctana angmiferred ermbediokntdomakising nofiwarcfandwetisrate aspbetstimatiapnd and/ or

bl ock di agrans,, can be inpl enmented by,conputer program.15j nstructions.
These coRFUTENY BF GUFETH PHOEILELE GHE Uy THEUS 501 HOTE o4 BRES SO B0
general Py PRSGt GRERULHay BRE Theifor YT RRELERIPIHBIm pRIdust o dRIIA8HLASBEDI e
data processi ng apparatus to produce a machi ne, sucﬁ that the instructions,

whi ch exarare eomputct tredghlovediwor(s)dfavingecoopututreadable poediem cpdognbedied| e dat a
pr ocessi n]gﬁira(prfar atus, create neans for inplenenting the functions/acts
speci fi ed™ the flowchart and/or bl ock di agram bl ock or 20bl ocks. These
corput er programinstructions may al so be stored in a conputer readabl e
medi um t hat can direct a conputer, other programmabl e data processing
appar at uSAnygongision gEgne e moes quéﬁadagleén@ammﬁ% mage miifind: Theuch t hat

the inst rcgﬁﬁ){n%lﬂ Fea bk Gfldlh }ng§ bggrEBHﬁ)ﬁ{er [ &A%AP lst%rage 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



25medi um produce an article of manufacture including instructions which

i npl ement the function/act specified in the flowhart and/or bl ock di agram
bl ock or WwbDaokigl4748Be conput er programinstructi ons nay &CI@EPR@oloegmded onto
a conputer, other programmable data progessing apparatus, or other devices
to cause a series of operational 30steps to be perfornmed on the conputer,
ot her programmabl e apparatus or other devices to produce a conputer

i npl enented process such that the instructions which execute on the WO

2011{1471@&%@&&Eﬁ%§%@ﬁ9@§Q%@u%%ﬁ?ﬁﬁﬁ%&ﬁk'QFIﬂégﬁ&mﬁﬁggﬁgﬁﬂﬁQﬁ%mﬁR@aratUS
provi de processes for inplenmenting the functions/acts specified in the

f | owchar tpregrehoinglaogiegds. dde anedrhmekdomalp eneduts enReély onithguseoncaop e, 3,
which is a Plqu diagran1i||ustr?tigaian 'nforna%ion ]chzﬁggg,Ssysten1300
that can PREYUYPF DE icRMRBISTGREETBH- Y{GWOBWSE%%&& #5180 P8 cls Y& above with
respect iomblfer add paktl$ oh Air@MeRIdBPuRE OF BRELHDSUS [2D1SBOnpRePRSREHAAN a

sui tably configured processing system adapted to i npl enent one or nore

pref er r edhelgierdicaistios thefrempie opwatas mayhgennnested tQiths sgr's gompgr rgughbl y

confi gur o ' S i - 0 I kRO

vt em 500 BT AP bt b ETFARaP Bre A6 R (EAR) P R EPRREAERE RN

i nf or mat iod thepuods&s®h MG ysheshade 30 ckiredal desp@ccdompedaaipls Kdoudinte dapigt er 302
has a processor(s) 304 that i.s connected to a cache nmenory 306, nenory 322,
mass st o8 A Anstrche e vEETOEAN) net wor k adapt er hardware 310. A system bus
312 interconnects these system conponents. 15 The mass storage interface
308 is used to connect nass storage devices, such as data storage device
34, to tAspeitnbbthamtdsom ipvanties siendpsayistldrlo30@ith@nfercape®i flavechaytpBusfatidat a
storage deyjce is .an optical.drive such as a CD/.DVD drive, which may be
Used to SPUPEDIS e e ThelhersydRng R (VoAe BB CRMP RS RIS REHER or
storage RpeQAMEE tS PrferfRl dobbdldim@its bf thk iR&ntion. 18wALEUdd¥R b HahatARER BBEK bY Pe
of data storage device is a data storage device configured to support, for
exanpl e, tINTF@vehapallfistiagionsatdéon tdgekr diggrams, and combinations of blocks in the

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 instructions stored in the computer readable
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



An operating system (not shown) included in the menory 322 is a suitable
mul titasking operating system such as the Linux, UN X, Wndows XP, and

W ndows SeOwver1/3033 25operating system Preferred enbodiPogmprgoiofetone
present invention are able to use any ofger suitable operating system Some
preferred enbodi nents of the present invention utilize architectures, such
as an object oriented franmework nechanism that allows instructions of t he
conmponents of operating system (not shown) to be executed on any processor

| ocat ed whhi hﬂ%r bh&thk r@@ﬁﬁﬁﬁ%ﬁb ﬁfp@f‘a@&%rﬂ&dé}ﬁ?ﬁc@ﬁb@%ﬁh féﬁleﬁﬁﬁg’\ﬂfek adapt er
hardware 310 in one 30preferred enbodi ment provides network conmuni cati ons

i nt er f acdenationgmets specifdan thst flwoydbertand/or Plogk drageadn blobbdi hlenks of t he

present invention are able to be adapted to work with WO
2011/ 147483PCT/ EP2010/ 067054 17 any data communi cati ons connecti ons

i ncl udi ng{e%rﬁﬁ%ﬁbwd@FI@@'vﬂﬁctﬁi@@/‘t%ckCHl irhl il 16 SeRAL ah @Fo@hatibh précehmbglr
net wor ki ng nmechani sm The flowchart and bl ock diagrams in the figures

i 13 ust r asEstenS 08 tlehicerebe wiilized fiy peninratignivith pragrss@olirdatchend 6boysosih bl e
| pl enent, '8Q§F?é Pyﬂeﬁggm{lﬁ{)@%g {%ﬁ% gt%&%%rls 855%8 erﬁ%ﬁhs accordi ng
nents o r

to various preferred enb esent |nven is regard,
each bI0anﬁ@ntmpmkb@ﬁ@h@ﬁhmﬁﬁmﬂb&ﬁkmﬂﬂﬂgﬁﬁmmeﬁﬁﬁmﬂ@p&&&&ﬂ&n&odﬁﬁﬂﬁ@of
segnent, or portion of code, which conprises one or nore executable

i nst r uct itemRCE IHV%P%MW%Y,t% SYIRRLY PPRIEBUr SO aSSIG AR P 5 P uwd ahoul d

al so be @ﬁ]ﬁ?ob}xﬂﬁﬁ fo{;e%c Iy?tjefnejd@a&f Efel e%&%&is%hwgﬂagen%mv‘éﬂﬁéﬂ ons

noted in out of “the order noted Iint I gures. For
eManpl e, two bl ocks shown in succession may, in fact, be executed

substantial l.y. concurrently, or t be exe d in the
MR S R L O L (R et
noted th ?oc%@s%?(spkmﬂﬁapifs cBﬁ&?ec@dQGlé cgélﬁgﬁ@fﬁ&y%@/ ﬁémﬁfmhﬁ{a%s étblla stration,

and conblnatlons of blocks in the blo di agranms and/or flowchar

illustr anmt@rfacel%)cSaando@twmkl aglaptat béddbfyres?d@c ifabyspur basEl 2hatemman@c-t$3@n§mj

syst ens th perforn1the specified functions or acts, or conbinations of
speci al Sﬁ 88s8mW8P%ﬁ%re and conputer instructions. hbn-Liniting Exanpl es
200Al t hough specific preferred enbodi nents of the invention have been

di scl osed, those having
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 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) 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



ordinary skill in the art will understand that changes can be nmade to the
specific preferred enbodi nents without departing fromthe scope of the

i nventi orwOThe/gespe of the invention is not to be rest PCEEPA)100b®5LT Or €,
to the specific preferred enbodinents, @nd it is intended that the appended
clainms cover any and all such applications, nodifications, and preferred
25enbodi mrents within the scope of the present invention. WO

2011/ 147483PCT/ EP2010/ 067054 18 CLAIMS 1. A nmethod for detecting processing
except i onRgy dhRoARMARAIEA WnnsitRGs iRuEAERSs @ IREAL M A% A&t *lchRLEg

Wi th a processor: 5Saccepting at | east one decinal floating point operand,
per f or m og va ai@giremttworloag imeghgrosmt operati on on the at | east one deci mal
floating point operand to produce a decimal floating point result;
determning, in response to the step of perform ng, that the decim

f1 oati ng TRRifldkvches dhd blodk imgt@sRithd AblteilRERLte iHeagcHiteattd) MinctibRalRy,afnar r ed
quantumindicating a define§ 10val ue represented by a | east significant

digit of opcwtignpf pesaibly ivfplernenteteaais @hbystdnaamcthpds 6k compian progeghyproducts

providin e g r M| . ' | oati ng

poi nt regﬁ?#g?gﬁfggqggﬁ%%ﬁ%%fﬁﬁ@%gm%%8gg?%@%&%hgﬁf%ﬂ?%a%ngﬁ%%%kaﬁ%ﬁ$cating

a quant umlexde g fowchialter GlrR tdisgraxcepy raphcsesiCumbtilg, depmerts popseoh of t he

deci mal floatinqlpoint result failing to 15maintain the preferred guantum
¢

2. The néEPADAVIEEN CABRTIHEY ONG Qfr PHEICXEGRPNG UsHyctions frympienydtiag thenipRgilichased
upon the as; : I I i : p

ahant um SUSIFRRANR 18 IRY bORILDBEH UryOPRAARe iEPRARRELERLTEE
prlovi di ndumnioosihgrad ircthapidck ey cstuequt of tieatrdérmngted in thelpons ot exadgtler m ni ng

Guant um, *E0 SRR HHAETEBBToF a4 rhECNsB R s RARLY GAeEREN Bt 6B ng
claims, WRkShRyBRcEMEPbOExRLRY iHRGcRRs QB Hepending 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,
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.
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 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.



25conprises a step of triggering a software execution trap. 5. The nethod
of any of the preceding clains, further conprising steps of: maintaining a
guant um ewoeptl/emstl ag i n one of a set state and a not PET/EPLEAVDH7054

mai ntai ni ng a quantum exception mask i mgone of a set state and a not set
state; 30executing a sequence of programinstructions, the sequence of
programinstructions conprising an instruction for the decimal floating

poi nt operation, the step of performng the WO

2011/ 147483PCT/ EP2010/ 067054 19 deci gglafvigat i ng point operation being in
response to the step of executing the instruction for the decimal floating
poi nt operati on; storing the decimal floating point result into a
destinati,on storage ,location; continuing,..in response to the gquantu

except o mask BTG Proqsedng SO L sttty e BT omm ety SR eci
fl oating poi ntperBmhihg thefollswing wigh Abaicessbhe preferred quantum execution of
t he sequence of instructions; and ~ trapping, in response to the

gquant um exceptréptinggklensiopg dedmphioatiag potrdppetapd det ermi ni ng that the
decimal fl oati ' [ i) S.:t.0 i.ntain t err m
execution of tpﬁgogﬁégégggﬁ%;lhgét%{&%rﬁﬁoﬁgfa Irtltigjﬁét@j ?gl}les%ﬁ?%{eg{er(geﬁgﬁ%g%ggﬁ rising
execut i ngoint dbpgaed torodudcer dedjphal iadhg@poinamesult;he provi di ng t he out put
conprising setting the quantum exceptign flag into the set state. . 6. The
met hod of cl aidﬁ{eg?llnﬂ%,ﬂrhgsp%ﬁﬁ ‘;hgis%@ ogﬂ)gggm@pg, that the decimal floating point

result fails to maintain a preferred quantum, the preferred quantum indicating a defined
10 value represented by a least significant digit of a significand of the decimal floating point
result; and
providing, in response to the step of determining that the decimal floating point result
fails to maintain the preferred quantum, an output indicating a quantum exception, the
quantum exception occurring in response to the decimal floating point result failing to

15 maintain the preferred quantum.

2. The method of claim 1, further comprising a step of determining, based upon the at

least one decimal floating point operand, the preferred quantum.

20 3. The method of either of claims 1 or 2, wherein the step of providing an output
comprises a step of setting, in response to determining that the decimal floating point result

fails to maintain the preferred quantum, a quantum exception flag.

4. The method of any of the preceding claims, wherein the step of providing an output
25 comprises a step of triggering a software execution trap.
5. The method of any of the preceding claims, further comprising steps of:

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 state;
30 executing a sequence of program instructions, the sequence of program instructions

comprising an instruction for the decimal floating point operation, the step of performing the



15det erm ni ng, subsequent to the step of executing the sequence of program
instructions, that the quantum exception flag is in the set state; and

al teri ng Wwoagriamr4ssecuti on, in response to determ ni ng PORAEPLAIS/OGO8Nt UM
exception flag is in the set state andd%ubsequent to the executing the
sequence of programinstructions, to address the occurrence of the quantum
exception. 20 7. The nethod of either of clains 5 or 6, wherein the step
of maintaining the quantum exception mask further conprises steps of:

readi Ng eAHANNYMRSARIIPEFAIDRSKInY 8 HRpSNE TIBR stdpldt cRedRARHNENLARGUAGS
instruction corresponding to the rnstruction for the decinal floating point

oper at i onthe &&irhd flrating adint eperathm; quant um excepti on mask conpri si ng using,

for a duration, of ecut i of. the. instructiagn for. the decinml floating
boi nt operat | oS b hetlint B! BRVAER - Sy pdliod B8rBR B Monioa”or clai m
7, where cbﬂmﬂlu%a,mﬁ H¥h &6 ep theQaifikexaptith rhaskaraRdadnd MitQedtatdBRXCEPt i on
control field of the machine |anguage instruction, the exception control

fi%l d fudetsaminsredal thy desimepfloaimemesk sesubifaibt tenaintemahf nisfidruastisept i ons.
WO 2011/ jeﬁgé&%égg}{h%l:s)%%&e%/cggFlQl?éuc%%n?ané‘ system for detecting processing
except i ons, e system conprising:. d nenory; a processor
comuni cat i veltyappiddpinacspoasd thehdguaptym cxdeptien maklhbeipg acksserstaaonmt | ses: San
instruction processor operable for: accePt ing at |east one decinal floating
poi nt Opéi,e@ﬁg%m%@at the decimal floating point result fails'to maintain the preferred quantum,
execution of the sequence of program instructions, the trapping comprising executing a
10 program interrupt handler, and
the providing the output comprising setting the quantum exception flag into the set

state.

6. The method of claim 5, further comprising steps of:
15 determining, subsequent to the step of executing the sequence of program
instructions, that the quantum exception flag is 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.
20
7. The method of either of claims 5 or 6, wherein the step of maintaining the quantum
exception mask further comprises steps of:
reading a quantum exception mask value encoded into a machine language
instruction corresponding to the instruction for the decimal floating point operation,
25 the maintaining the quantum exception mask comprising using, for a duration of
execution of the instruction for the decimal floating point operation, the quantum exception

mask value.

8. The method of claim 7, where the quantum exception mask value is encoded into an
30 exception control field of the machine language instruction, the exception control field

further encoding exception masks for other floating point exceptions.



perform ng a decinmal floating point operation on the at |east one deci nmal
floating point operand to produce a decinmal floating point result; a

guant um ewoeptl/@msdet ect or for determ ning, responsive POTIEHPROIOMOSTI5UCE i ON
processor 10 performng the decimal flogting point operation, that the
decimal floating point result fails to maintain a preferred quantum the
preferred quantumindicating a defined value represented by a | east
significant digit of a significand of the decimal floating point result;
and 9.8 QUaRIHM B CRRE:RDpIBSRRBIR cdffohs, R syRIcAYEdthfiEhingd: €Sponsi ve to

t he quantum excepti on detector determ ning that 'the decimal™ floating point
result fails taoneragnyt ai n the 15preferred quantum an output indicating a
guant um exception, the quantu xcept,i ccurring Jdn.response to the

deci mal 11 oat PHECSSOTREPERE Y EPIYCT B st e R EPFe quant um

10. The syspegRsof claim9, the instruction processor further operable for
determ ni ng, 20based upon the at | east one decinmal floating point operand,
t e pref erred aguzughen progessqiapesapds ©f of ei ther of claims 9 or 10, wherein
t he quantume | r UM & 0S| ble for setting,
responsi ve toﬁggﬁé%g$%¥%§Bﬁgggngﬁgﬂﬁ%@$é§%%g?%%%ggé?ector determ ni ng t hat
t he deci mal f lpeebinigg palctimal Esatidg foant petadioneh micatnedshengpdeefrealifRdtinggiant um
a 25quantum exception flag. 12. The systemaof any of clains 9 to 11,

wher ei n tPRE §DARG IR RIREWSStE dohipad Sl9aRREDIRt 158§ further operabl e for

rovi di ng an i Si i i . ] st
D053, The syst o Rt ORBEAGH At dr (BRI AL SOUINGHS (S8 thich Bl fidBossor

prlocessomperfernhing thredecoped rfhlatieg pant opraatrtmathat thg daciguad Abamgeposptsubniafls g i n
one of a set state.and a not set state; WO 2011/147483PCT/ EP2010/ 067054 21
i nt ai GG ARBBE O PRRISRS] dghEn SRIGH G P i AL et
state; exgGUEARGipRifReUREIESH Q@igﬁ'ﬁ@ﬂ{@&‘ th®§¢dimet ﬂl&a@i%§ pToﬁﬁ r&gAugRCce of
programinstructions conprising an instruction for the decimal floating
poi nt oper at i @ruantum exception response unit for providing, responsive to the quantum

exception detector determining that the decimal floating point result fails to maintain the

15 preferred quantum, an output indicating a quantum exception, the quantum exception
occurring in response to the decimal floating point result failing to maintain the preferred

quantum.

10.  The system of claim 9, the instruction processor further operable for determining,

20 based upon the at least one decimal floating point operand, the preferred quantum.

11.  The system of either of claims 9 or 10, wherein the quantum exception response unit
is further operable for setting, responsive to determining that quantum exception detector
determining that the decimal floating point result fails to maintain the preferred quantum, a

25 quantum exception flag.

12. The system of any of claims 9 to 11, wherein the quantum exception response unit is

further operable for providing an output comprising triggering a software execution trap.

30 13.  The system of any of claims 9 to 12, wherein:
the instruction processor is further operable for:

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



perform ng the decimal floating point operation, responsive to executing
the 5instruction for the decinal floating point operation; storing the

deci mal fwoabimig7436i nt result into a destination storag®CraEPratioon]oss

conti nuing, responsive to the quantum exception mask being in the not set
state and the quantum exception detector determ ning that the deci nmal
floating point result fails to maintain the preferred quantum execution of
t he sequence of instructions; and 10trappi ng, responsive to the quantum
excepti on maskyPahithd Nqldeurs 8lccptidh adDfh JRQ rALNiMELRX S aBt dcPRagdet ect or
determ ning that the decimal floating point result fails to maintain the
preferred quarkemtingrecqichonofgirogiam igstoustings thf segnoye afrpiagsam drstriuotians t he
quantunlexceﬁtion reaﬁonse ug%% tr%ﬁ?EF§§CULion by. causing the instruction
processor P EB ARE AN EECHILEF iR Gt OB HRNAI MRy 15t he quant um
exception respefAsAniBitic d@irhdMlol8hg PRIAT &RV RidnOfesp&isiventd ckatiAk et um
exception flag into the set state, responsive to determning that the

dexi mal finssaciemiosdhadected floatipgpeist ersrefdinat ai n t he preferred quantum  14.
The system of _c| ai . L | i.Q0: Rl 1 S..further

oper abl e for:sﬁﬁﬁﬁg%%%F%ﬁgg?ﬁgﬁ éggﬁgﬁﬁﬂP%g%ﬁgﬁggé@ﬁgﬁﬁgg#ﬁ%négquence of
program i nst r wohtirnisg, rédpahsivdi® the gidntum eXxeppibh atask baigg iiis themot ke setandt at e;
and altering program execution, responsive to deternm ning_ that the
quant um éXCHBFOfUEHSRICRHOY detpqioy ¢ricrawping that eafi&alr%ad@@éa%mm&r@wlﬂ@ﬂé%c uting
t he sequeng f i i | cur.rence of the
quantun1ggﬁgﬁﬁﬁgﬁﬁﬁggﬁgkggﬁ%ﬁg%%$§P§%$g egl (§§é%¢B§ a?%g£fg@or 14, wherein
tHe i nstructi enppmgcessosiviso fherquhetnmopeegmnendsbrbeimgaadhagpt stagpumad ttham

exception sk val ue encoded into.a machi ne .l anguage instructi.on
cor r 65 poRHIAN S CEHE L1 et g b i TE B ASeT A A TGLLIR G BIHE Bper at i on:
and 30usip@ntainhe refiif Rt duanual, cRxREHh bPﬂle%E(%l_ieIﬂ@e bitbEMe! inSttudiiehs, e deci nal
floati ng point operation, the quantum exception mask val ue.
quantum exception response unit traps execution by causing the instruction processor to
execute a program interrupt handler; and
15 the quantum exception response unit is further operable for setting the quantum

exception flag into the set state, responsive to determining that the decimal floating point

result fails to maintain the preferred quantum;

14.  The system of claim 13, wherein the instruction processor is further operable for:
20 determining, subsequent to the executing the sequence of program instructions, that
the quantum exception flag is in the set state; and
altering program execution, responsive 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.

25
15.  The system of either of claims 13 or 14, wherein the instruction processor is further
operable for:
reading a quantum exception mask value encoded into a machine language
instruction corresponding to the instruction for the decimal floating point operation; and
30 using, for a duration of execution of the instruction for the decimal floating point

operation, the quantum exception mask value.



WO 2011/ 147483PCT/ EP2010/ 067054 22 16. The system of claim 15, wherein the
quant um exception mask value is operable for encoding into an exception
control fwel2diiof47488e machi ne | anguage i nstruction, the ext&EpreéloNc®SNt I Ol
field further encoding exception masks for other floating point exceptions.
517. A conputer program product for detecting processing exceptions, the
conput er program product conpri sing: a conputer readabl e storage

medi um readabl e by a processing circuit and storing instructions for

executioneby tihe s?it&ﬁ%?%laﬂﬁ 161 Whstet thfuhRlrh QkddpRen MR NAE idGRedl g t0
any of clains 1 to 8. A conput er program stored on a conputer

r eadabl e enetuilmgnnm\@h ¢>®apltam @nltmt beldiod thameehned langmge ynstfictzond thyi axe¢ption
Corrputer, SOft re coage por p ramls run on a
Comp it e cof AT hifher ot S iEn Pk Al St B R P B

5 17. A computer program product for detecting processing exceptions, the computer
program product comprising:
a computer readable storage medium readable by a processing circuit and storing
instructions for execution by the processing circuit for performing a method according to any
of claims 1 to 8.

10
18. A computer program stored on a computer readable 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 method of any of claims 1 - 8.

15



