CONTROLLED- PRECI SI ON | TERATI VE ARI THMETIC LOG C UNI' T
FI ELD [ 0001] The present disclosure generally rel ates

wo oopnamsessors, and particularly relates to peP¢DURIAT067119
sub-precision iterative arithnetic operations in a
processor. BACKGROUND [ 0002] Conventional processors
i ncl ude one or nore arithnetig logic units for
performng iterative operations such as divide, square
root and transcendental (e.g., SIN, COS) operations.
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defined bit precision. That operands are

iteratively processed to produce a result having ful
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preci sion associated with a result register or a
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W th b|nary floating-point arithnetic, often referred
to as | EEE 754. The | EEE 754 standard specifies nunber
formats, basic operationg,c ns, and
exceptlonal condi tions r‘%atlng to bot h singl e and
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three ba5|c conponents: a sign bit, an exponent, and a
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i nteger portion and a fraction portion. Only the
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until a result is produced that has a fixed, defined bit precision. That is, operands are
iteratively processed to produce a result having full precision, i.e., a target precision
such as the precision associated with a result register or a precision associated with
the starting operands. For example, the Institute of Electrical and Electronics
Engineers (IEEE) has defined a standard associated with binary floating-point
arithmetic, often referred to as IEEE 754. The IEEE 754 standard specifies number
formats, basic operations, conversions, and exceptional conditions relating to both
single and double precision floating-point operations.

[0003] IEEE 754 compliant floating-point numbers include three basic
components: a sign bit, an exponent, and a mantissa. The mantissa is further broken
up into an integer portion and a fraction portion. Only the fraction bits are stored in
the encoding. For normal numbers, the integer portion is implicitly equal to the
value of 1. IEEE 754 compliant single precision numbers are represented by a sign
bit, an 8-bit exponent and a 23-bit fraction while double precision numbers are

represented by a sign bit, an 11-bit exponent and a 52-bit fraction. As such, iterative



t he encodi ng. For normal nunbers, the integer portion
is inplicitly equal to the value of 1. |IEEE 754
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a sign bit, an 8-bit exponent and a 23-bit fraction
whi | e doubl e precision nunbers are represented by a
sign bit, an 11-bit exponent and a 52-bit fraction. As
such, iterativeprocessing of |IEEE 754 conpli ant
floating poi nt numbers produces results having 24-bit
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of 24 bits. However, certain applications, such as
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require results having full 24-bit single precision.
As7%uadmplumhatéspadycep owelts hmdngs dbgrscisgney eH bits. However,
consunption occurs by calculating results to ful
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tolerate sonmething less than full single precision,
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format. For exanple, a doubl e-precision processor can
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si ngl e-preci sion operands, producing a
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format is that of a doubl e-precision value. As such,
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oper and- pr eci si on dependent, and thus, produce results

hayifitheftc Bb’érlatl&{sesﬁbﬁ oPthe target format only when the operands being acted
on have a precision less than the target format. For example, a double-precision
processor can perform a single-precision operation on single-precision operands,
producing a single-precision result, even when the target register format is that of a
double-precision value. As such, some conventional arithmetic processes are
operand-precision dependent, and thus, produce results having a full precision
equivalent to that of the operands. As a result, power and processor cycles may be

unnecessarily consumed to produce results having a precision greater than that which

may be tolerable or acceptable for certain applications.

SUMMARY OF THE DISCLOSURE
[0005] According to the methods and apparatus taught herein, a controlled-
precision Iterative Arithmetic Logic Unit (IALU) included in a processor produces

sub-precision results, i.c. results having a bit precision less than full precision. In one



equi valent to that of the operands. As a result, power
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conprises rounding logic configured to conditionally
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(LSB) of a sub-precision result based on the roundi ng
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enbodi nent, the rounding logic is configured to round

t h@or{d?t?dﬂafly Mer@hid M Lsidt at the least significant bit (LSB) of a sub-precision
result based on the rounding mode, the LSB and the rounding bits. In one
embodiment, the rounding logic is configured to round the result by aligning a
rounding value with the LSB of the result and conditionally adding the aligned
rounding value to the result.
[0006] Thus, in at least one embodiment, sub-precision results are generated in a
processor by iteratively processing operands of a first bit precision to obtain a result
and ending the iterative operand processing when the result achieves a programmed
second bit precision less than the first bit precision. Further, the width of the sub-
precision results may be adjusted by padding the result so that the padded result has a
bit width corresponding to the first bit precision.
[0007] In another embodiment, a processor comprises the controlled-precision

IALU. The processor further comprises a storage element configured to store the



roundi ng value with the LSB of the result and

conditionally adding the aligned rounding value to the
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acconpanyi ng drawi ngs. BRI EF DESCRI PTI ON OF DRAW NGS
[0009] Fig. 1 i SBRIHHBERCRIBGOMOFIDRAWINGHg an
enbodi ment of a processor
[0009] Fig. 1 is a block diagram illustrating an embodiment of a processor
including a controlled-precision Iterative Arithmetic Logic Unit (IALU).
[0010] Fig. 2 is a block diagram illustrating an embodiment of the controlled-
precision IALU of Fig. 1.
[0011] Fig. 3 is a logic flow diagram illustrating an embodiment of program
logic for performing an iterative arithmetic operation.
[0012] Fig. 4 is a block diagram illustrating an embodiment of the controlled-
precision IALU of Fig. 1 further comprising a rounding circuit.
[0013] Fig. 5 is a logic flow diagram illustrating an embodiment of program
logic for rounding a sub-precision result produced by the controlled-precision IALU
of Fig. 4.
[0014] Fig. 6 is a logic flow diagram illustrating another embodiment of program

logic for rounding a sub-precision result produced by the controlled-precision IALU

of Fig. 4.



including a controlled-precision Iterative Arithnetic
Logic Unit (IALU). [0010] Fig. 2 is a block diagram
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I ALU of Fig. 1. [0011]] Fig. 3 is a logic flow diagram
illustrating an enbodi nent of programlogic for
performng an iterative arithgetic operation. [0012]
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val ue received by the precision control circuit 14,
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sub- preci si on
precision associated with a result register or a precision associated with the starting
operands. The PBP value indicates a desired bit precision associated with results
generated by the IALU 12. As such, the precision control circuit 14, in response to
the PBP value, may cause the IALU 12 to end operand processing before the result
obtains full precision. The sub-precision result produced by the IALU 12 thus has a
bit precision corresponding to the PBP value and not full precision. The PBP value
may be saved in a storage element included in the processor 10, ¢.g., a special or
general purpose register 16 or data cache memory 18. In one embodiment, the PBP
value is hard-wired, and thus is not reprogrammable. In another embodiment, the
PBP value is a dynamically alterable value stored in the PBP register 16 or the data
cache 18, and is thus modifiable. The PBP value may be provided to the processor
10 as part of an instruction or series of instructions, ¢.g., as part of a very-long
instruction word.

[0016] Regardless of how the PBP value is generated, stored, or modified, the

precision control circuit 14 uses the PBP value to control whether the controlled-



results, i.e., results having a bit precision |ess

than a target precision such as the precision
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centralized control of instruction flow to various execution units such as the
load/store unit 22 and the controlled-precision IALU 12. The execution units may
execute multiple instructions in parallel. As such, the processor 10 may be
superscalar and/or superpipelined. The instruction and data caches 18, 24 enable
system registers (not shown) and the execution units to rapidly access instructions
and data. Further, data may be moved between the data cache 18 and the system
registers via one of the execution units, e.g. the load/store unit 22.

[0018] Figure 2 illustrates one embodiment of the controlled-precision TALU 12.
In this embodiment, the IALU 12 includes an arithmetic logic circuit 26. The
arithmetic logic circuit 26 is configured to perform iterative arithmetic operations
such as divide, square root and transcendental functions. The arithmetic logic circuit

26 receives operands from registers 28, 30 included in the processor 10. In one



directly associated with the precision of an operand.
As a result, the controlledprecision I ALU 12 is
W@ 2pahbsodf generating sub-precision results PCT/US2007/067119

i rrespective of operand precision, thereby reducing

power consunption and inproving performnce of the
processor 10 when the processor 10 is executing
applications that can tol erate sub-precision results,
e.g., graphics applications. [0017] The processor 10
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operations short of full precision irrespective of what precision defines full precision.
[0020] Returning to Figure 2, the arithmetic logic circuit 26 iteratively processes
single precision operands received from the operand registers 28, 30, as shown in
Step 100 of Figure 3. The precision control circuit 14, in response to the contents of
the PBP register 16 or one or more instructions, will either allow the arithmetic logic
circuit 26 to complete iterative processing uninterrupted or will cause the arithmetic
logic circuit 26 to perform an “early-out termination” by ending iterative processing
before obtaining a full-precision result, as shown in Step 102 of Figure 3. As part of
the information received from the PBP register 16 or as provided by one or more
instructions, the precision control circuit 14 receives an indicator (RDP) that
determines whether the arithmetic logic circuit 26 is to end processing early, i.e.,

produce a sub-precision result. In one embodiment, the indicator is a flag bit set in



exanpl e, the operands are | EEE 754 doubl e- preci sion
conpliant, and thus, each register 28, 30 stores a
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ot her exanpl es, the operands have a full precision
different than the | EEE 754 standards, such as
operands sufficient for the ogen@ standard or custom
applications. [0019] For ease of explanation only,
detailed operation of the controlledprecision | ALU 12
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precision of 16 bits.
[0022] In one embodiment, an RDP bit without a PDP value is utilized to
produce a sub-precision result of a predetermined size. In an alternative
embodiment, the PDP value without an RDP bit is utilized to also enable the reduced
precision operation.
[0023] In one embodiment, the precision control circuit 14 comprises a state
machine or a counter to track the number of arithmetic iterations performed. As
such, the precision control circuit 14 monitors arithmetic logic circuit processing.
When the arithmetic logic circuit 26 produces an intermediate result having enough
bits to produce a properly rounded result with a bit precision matching the PBP
value, the precision control circuit 14 activates the control signal, thereby causing the

arithmetic logic circuit 26 to end processing. For example, the precision control



determ nes whether the arithmetic logic circuit 26 is
to end processing early, i.e., produce a sub-precision
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set inthe PBP register 16. If the indicator is not

set, then the precision control circuit 14 allows the
arithmetic logic circuit 26 tg iterate to full single
preci sion, thereby producing a full-precision result,

as shown by Step 104 of Figure 3. However, if the
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bits to the result such that the padded sub-precision result has a bit width equivalent
to full precision. The IALU 12 may store sub-precision results in the result register
32, however, x-n register bits will not be valid where n = the bit position one
significance greater than the PBP value. Alternatively, the IALU 12 stores sub-
precision results in another result register (not shown) where the bit width of the
other register corresponds to the PBP value.
[0025] The arithmetic logic circuit 26 may truncate one or more operand least
significant bits (LSBs) so that the truncated operands have a bit precision less than
full operand precision and greater than or equal to the precision associated with the
PBP value. The arithmetic logic circuit 26 truncates one or more operand LSBs in

response to a truncate value (TRUNC) received from the precision control circuit 14.

The precision control circuit 14 obtains the truncate value from either the PBP



such, the precision control circuit 14 nonitors
arithnetic logic circuit processing. Wen the

W@eiorhssvd c | ogic circuit 26 produces an interP@dUs1087/067119
result having enough bits to produce a properly
rounded result with a bit precision matching the PBP
val ue, the precision control gjrcuit 14 activates the
control signal, thereby causing the arithmetic |ogic
circuit 26 to end processing. For exanpl e, the
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circuit cau3|n t he ari rcuit
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stores the generated result in a result register 32

i nE2,vdede the [AhE) B Dcthssiocludes rothding dogit 84 fegowtdeng B3ults

has a sufficient bit width for storing full precision

I eptoldtiSed Uyahe atithgdetic DFEE List MG, €8 Uhik Smbbllienoh€ FhSirthm3ic logic
contains 23 bit positions for storing a full-precision

fr giediitory cro‘%% sks 4 mgfegoré%rs%@ﬁ dividee S@Bh& DEBS it FQUHG 38 for

circuit 26 y pad precision results mhen storlng
the result t he i st t hus_.ensur. t hat
Coﬁe 0 arll%%lol{ahn§ (}ugéll o4 t1rgsr ?‘r.éz%gy/eentlgnal rala% dn% tglc 1md)tl%ments one
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result by appending a sufficient quantity of logic

z eratripgd Bitst dror Rrampleudonveniwnak ieanding o giigedements one or more or
sub-precision result has a bit wdth equivalent to

f ubf thpfativang roundhng al@irithth? roayd $¢ oeaeess abenp r@midgo-@nro, round-
results in the result register 32, however, Xx-n
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position one S|gn|f|cance greater than the PBP val ue.
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I n anot resu reg’l ster not s ere t

glfbr-]pr%gisfog?esults. This is particularly so when the bit precision associated with
sub-precision results changes, e.g., in response to dynamic alterations of the PBP
value, thus causing the LSB, guard, round and sticky bits of the result to move
positions.

[0027] The rounding logic 34 included in the controlled-precision IALU 12
accounts for the bit precision associated with sub-precision results, including
dynamically alterable bit precisions, by identifying the LSB of a particular sub-
precision result. The rounding logic 34 accounts for the LSB of a sub-precision
result by aligning a rounding value with the LSB, thus enabling proper rounding of
the result. The rounding logic 34 includes a rounding circuit 40 and an adder 42.
The rounding circuit 40 processes the PBP value to determine which bit position

associated with a particular result is to be conditionally incremented. For example,



ot her register corresponds to the PBP val ue. [0025]

The arithnmetic logic circuit 26 may truncate one or
woreeoz/1308e3 and | east significant bits (LSBs) soPCTrES200T1@67119

truncat ed operands have a bit precision |less than ful

operand precision and greater than or equal to the

preci sion associated with thePBP val ue. The

arithnmetic logic circuit 26 truncates one or nore

operand LSBs in response to a truncate val ue ( TRUNC)

J eﬁl%lrgﬁghﬁ afgu‘it tﬁQ EBE’QJalu%' Ld%fﬁ!lﬁes]tﬂe Lgﬁeof the result

preci si on ontro CI r tains the truncate

val ue f.ram eit.her t.he .or .fromone or
ot B8 Ehfecting: 55@ ﬁﬁéﬂ%ﬁ gonihaly iRHBETES. In one
logic circuit 26 truncates one or nore operand LSBs by
nagr[@b(pfbmleﬁ‘re tl@g@plg:h@g p_lgB](nsé cqn@mg;gﬁ a Fimétgrr el'he shifter moves or shifts
illustrates another enbodi ment of the

c oatounkingd-apressoitkitdine todhding Faluahesl@nct evithAbeJLEB(s) of a particular
further includes rounding |logic 34 for rounding

I esub-precipioa desu@idadiituithee by SRFROO 6f FR@ics. CTHEuhdiA6 value may
In this enbodinment, the arithnetic logic circuit 26
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regi ster 3 orarily hol di ng quotlent resul
Copv ohal Aoun [ | ogi c i nent or
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and ad ust i retai ned b|t r mpl e, .
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of the follow ng rounding algorithns: round to nearest
evessultr Shnshiftes roanding velyads then peavertedrto thnaddeims. an operand. A
GQuard, round and sticky bits nmay be used to assist in
thaﬂrpmm@%ngmmﬁqnmﬁ&edbpﬂ&m&ﬁmnaﬁnMgnkmmnﬂB6ﬁmmmbhmgnheoﬂmr
circuits have difficulty rounding sub-precision

r egpirisd, e BiaSedudt feel itk Jubilert GegI@BE NEhcidter 42 conditionally
preC|S|on associ ated with sub-precision results
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26 to produce an accurately rounded result, as illustrated by Step 202 of Figure 5.
Those skilled in the art will appreciate that the result may be rounded based on the
LSB, guard, round and sticky bits in conjunction with the rounding mode using one
of various known conditional incrementing techniques, each of which is within the
scope of the embodiments disclosed herein.

[0028] In another embodiment, the rounding circuit 40 comprises a decoder for
aligning a rounding value with the LSB(s) of a sub-precision result, thus enabling
proper rounding of the result. The decoder receives the PBP value and generates a
rounding value corresponding to the PBP value, as illustrated by Step 300 of Figure
6. In one embodiment, the rounding value comprises a bit pattern having all logic
zeros except for the bit position corresponding to the LSB of the PBP value. The bit

position of the rounding value that corresponds to the LSB of the PBP value



val ue, thus causing the LSB, guard, round and sticky
bits of the result to nove positions. [0027] The

WO oundsa803 | ogi ¢ 34 included in the controll ed-PCEUSROTON7119
| ALU 12 accounts for the bit precision associated with
sub-precision results, including dynamcally alterable
bit precisions, by identifying the LSB of a particul ar
subprecision result. The rounding |ogic 34 accounts
for the LSB of a sub-precision result by aligning a
ro W3 | t-h 1 : 3 '
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a roundjng cirguit 40 .and, an.adder 42. The ndi n
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bit position associated with a particular result is to
beorB#Hl: t ThsrrddenA2 ¢randiionalleaddsiths rasndingvelueie theganel gegerated
circuit 40, in response to the PBP value, identifies
t hey thi8Bridim¢thdogiesuictit 86 tr pudice danheecgratly wundedgsdt, @s
38 that is to be conditionally increnented. In one
emdiritedby Stdpes0R @i Fekiung 6 C Thad) ibz cAferqRofurlyS@sftiAg a rounding
shifter. The shifter noves or shifts a roundi ng val ue
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a particular sub-precision result, ustrated
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having all |ogic zeros except for the bit position.
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The shifted rounding value is then provided to the
addeterst@odthatathe psemmitkclcBustibnprlanitsd Ionthe ésapding description, nor
produced by the arithnmetic logic circuit 26 functions

asistinemAtdBy tHRRRE nytheldraw gk € fldtdad Sth® pRMAerlt idcRBure is limited
quotient register 38. The adder 42 conditionally

only by the following claims and their legal equivalents.



adds the shifted rounding value to the result
generated by the arithnetic logic circuit 26 to
w@e@dudsoan accurately rounded result, as ill uBCTEHS®A7/067119

by Step 202 of Figure 5. Those skilled in the art wl|
appreciate that the result nmay be rounded based on the
LSB, guard, round and sticky pyts in conjunction wth
t he roundi ng node using one of various known
condi tional increnmenting techniques, each of which is
wi thin the scope of the enbodi nents di scl osed herein.
[0028] In another embodi mert,Af\pe rounding circuit 40
conpri ses a decoder for aligning a rounding value wth
gﬂg/LS%&g% of a sub-precision result, thus enabling

ﬁ ﬂ&tng of the result. The decoder receives
t he PBP val ue_and generates.a roundi ng val ue
tor r eSpBHEPH AT RO TarmEngPEPtsFalf Ferithyactiq ‘PR%%UPQP%& PERECE OB
300 of Figure 6. In one enbodinent, the rounding val ue
conpidizgEs a bit pattern having all |ogic zeros except
for the bit position corresponding to the LSB of the
PBP vatmgvelyf peychisingogrirdndoof ofirdt bt preivich opbedh uecdultaind
corresponds to the LSB of the PBP val ueconprises a
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adder 42 as an operand and a result produce by t he

arithnmetic 1lt8 10% lﬁ%u[h{m%g f{rétrt) thrgasc,l s the other

oper and. T condrtiona s t he roundi ng

val ue to the result gener at ed by the arithmetic logic
circuit 26 to produce an accurately rounded result as
illustrated by Step 302 of Figure 6. Thus, by ei

Br oper hgmsHiofaf sl 1 Buthar eqmurasingpasidingebe gIsHl s H@t ﬂzBFpadded
val ue to produce a roundi ng operand and conditionally

eddlit hgs 4 bie width rdirespoogiep amthetfosticoeciespondi ng resul t,

the controll ed-precision IALU 12 is capabl e of

produci ng accurate sub-precision results.

3. The method of claim 2, wherein padding the result so that the padded result has
a bit width corresponding to the first bit precision comprises appending one or more

logic zero bits to the result.

4. The method of claim 1, further comprising storing the result in a register having

a bit width less than the first bit precision.

5. The method of claim 1, further comprising truncating one or more least
significant bits (LSBs) of the operands before beginning the iterative processing so that
the truncated operands have a bit precision less than the first bit precision and greater

than or equal to the programmed second bit precision.



[0029] Wth the above range of variations and

applications in mnd, it should be understood that the
W@e@3asnsodli scl osure is not limted by the forepdi/ng007/067119

description, nor is it limted by the acconpanying

draw ngs. Instead, the present disclosure is limted

only by the following clains gnd their |ega

equi val ents. CLAIMS What is clained is: 1. A nmethod of

performng an iterative arithnmetic operation in a
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of a first bit precision to obtaim a result; an

ending the iterative processin n the result
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the first bit precision. 2. The nethod of claim1,

further conprising padding the result so that the

padded result has a bit width corresponding to the

7i r st Thé¢ methodwif slaom.1, Birththeommprtisiogirouhdiok dliemeylt. wher ei n

padding the result so that the padded result has a bit

w dth corresponding to the first bit precision

conpri ses appendi ng one or nore logic zero bits to the
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storing the result in a register having a bit wdth

! ess Ellhganri] ! ali] & ufnldlrnS tVa ule.twiPnr L3R rﬁiftic?afnt ]Ilt[] ELé%)t ohfqﬁie Pefsult; and

cl ai mi " &R EHEr gonpr|5|ng runcating one or mnore

| east signifjcant. bits (LSBs) of the operands before

begi nffl QLY ?@%P%fhw(ga? qyading yalug 16 Rierteyule

truncat ed operands have a bit precision |less than the

first bit precision and greater

9. The method of claim 8, wherein aligning the rounding value with the LSB of the
result comprises shifting the rounding value so that the rounding value has a logic one

located at a bit position corresponding to the LSB of the result.
10. The method of claim 8, wherein aligning the rounding value with the LSB of the
result comprises decoding the second programmed bit precision to produce a rounding

operand.

11. The method of claim 1, further comprising modifying the programmed second

bit precision responsive to a change in contents of a register included in the processor.

12. The method of claim 1, further comprising modifying the programmed second

bit precision responsive to one or more instructions received by the processor.

13.  An iterative arithmetic logic unit for use in a processor, comprising:



than or equal to the programmed second bit
precision. 6. The nmethod of claim5, wherein truncating
wor@7080800re of the operand LSBs conprises maskCH{S208067119

or nore of the operand LSBs. 7. The nethod of claim1l,
further conprising rounding the result. 8. The nethod

of claim7, wherein rounding ff1e result conprises:
aligning a rounding value with a | east significant bit
(LSB) of the result; and conditionally adding the
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LSB of the result c ri ses shlftlng t he roundi ng
val ue so tﬂ%?mFWéongﬁﬂ?ﬁ@u fle has a logic one

| ocated at  a bit ﬁOSItlon correspondlng to the LSB of

t he r@gpcisiomentrharqyitonBagwed & ¢idihe itCiaHse pogessing when the
aligning the rounding value with the LSB of the result
conpri ses uselbdilgyes heremeanmdd peayd dnmeccifion lges than sheofmrst bit
to produce a roundi ng operand. 11. The nethod of claim

1, furtherpgoeRni sing nodifying the programred second

bit precision responsive to a change in contents of a

regi ster included in the processor. 12. The nethod of
claim1, further conprising nndifying t he progranned
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|terat|v rit ic u |t for .
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conflgured to |terat|vely process operands of a first
pirresperstingfoghe fist bistpagamsien.r esul t; and a preci si on

control circuit configured to end the iterative
processi ng when the result achi eves a progranmed
second bit precision less than the first bit

15. The iterative arithmetic logic unit of claim 14, wherein the arithmetic logic
circuit is configured to pad the result so that the padded result has a bit width
corresponding to the first bit precision by appending one or more logic zero bits to the

result.

16. The iterative arithmetic logic unit of claim 13, wherein the arithmetic logic
circuit is further configured to truncate one or more least significant bits (LSBs) of the
operands so that the truncated operands have a bit precision less than the first bit

precision and greater than or equal to the programmed second bit precision.

17. The iterative arithmetic logic unit of claim 16, wherein the arithmetic logic
circuit is configured to truncate one or more of the operand LSBs by masking one or

more of the operand LSBs.



precision. 14. The iterative arithnmetic logic unit of
claim 13, wherein the arithnmetic logic circuit is

W0 erovhasoxonfigured to pad the result so that PEEUS2007/067119
padded result has a bit wdth corresponding to the
first bit precision. 15. The iterative arithnetic
logic unit of claim 14, wherejgn the arithnmetic |logic
circuit is configured to pad the result so that the
padded result has a bit wdth corresponding to the
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1o it heRbRr I RPREN G MRS AR Rptiffh Bunding logic
| ogi it of claim 13, wherein the arithnetic |ogic
iﬁéﬂ&ﬁ#ﬂP§°Wﬁﬁ$ﬁ5¥ﬁ%onfigured to truncate one or nore
| east significant bits (LSBs) of the operands so that
the truncated operands have a bit precision | ess than
the first bit precision and greater than or equal to
ihe pilbgrtemrtredarstbmendldgid upt efailaimol, whireimthe royretiag loge is
arithnmetic logic unit of claim 16, wherein the
ednifighfgltb GourRidh€ rasuh GYliatighifig @ @irdiny edud With & UESBdinifibsnt bit
or nore of the operand LSBs by naski ng one or nore of
) ren ey ik aRSeohitiohiBy Adddh@the R eRld foiBhE GaliOe fhe result.
unit® of clarm 13, further co r|3|%g roundi hg | ogic
configured to round the result. 19. The iterative
arithnmetic logic unit of claim 18, wherein the

unding.logic is configured round the result b .
30 g nifﬁalt%ra %W&%ﬂ% offei ot ]g9a§%h6§1@mefrP@%@g ggte is
(LSB) of the result and conditionally adding the
edtifignead to oligelthegovading valae with thekdB of thegesuitfay shifting the
iterative arithmetic logic unit of claim 19, wherein
tduadimguathiersg tha ghecrousding value has a logic one located at a bit position

corresponding to the LSB of the result.

21. The iterative arithmetic logic unit of claim 19, wherein the rounding logic is
configured to align the rounding value with the LSB of the result by decoding the

second programmed bit precision to produce a rounding operand.

22. The iterative arithmetic logic unit of claim 13, wherein the precision control
circuit is configured to end the iterative processing responsive to an indicator received

by the precision control circuit.

23. A processor comprising an iterative arithmetic logic unit configured to
iteratively processes operands of a first bit precision to obtain a result and end the
iterative processing when the result achieves a programmed second bit precision less

than the first bit precision.



configured to align the rounding value with the LSB of
the result by shifting the roundi ng value so that the

WO o9rd3asg3 val ue has a | ogic one |ocated at a bPET/US2007/067119
position corresponding to the LSB of the result. 2 1.
The iterative arithnetic logic unit of claiml19,
wherein the rounding logic isyconfigured to align the
roundi ng value with the LSB of the result by decodi ng
the second progranmed bit precision to produce a
roundi ng operand. 22. The iterative arithnetic logic
unit of claim 13, wherein the precision contro

rcu is confi to.end the iterative processir
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control circuit. 23. A processor conprising
eqrdientadve pad thergetli th@igh%pmeti resghithpg e P dwtif@ correspondmg to
iteratively processes operands of a first bit
thedubtdiiigpretisioobt ain a result and end the iterative
processi ng when the result achi eves a progranmmed
second bit precision less than the first bit
precision.24. The processor of claim23, wherein the
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to pad t result so that the pg result has a

rﬁglst[er h%\glr ( e tw tl{]%ss t%a%g érst r%lczltsmgr eci si on. 25 :
e processor o arm r-conprising a

register for storing the result, the register having a
bit width |ess than the first bit precision. 26. The
rocessor of claim23, wherein the iterative
6.i t hithe processel of daim 23, svhetain theriteeasive iagjthresdictlogie onitds further
the result. 27. The processor of claim26, wherein the
tdrdigatddve reundttheredsult. | ogic unit is

27. The processor of claim 26, wherein the iterative arithmetic logic unit is
configured to round the result by aligning a rounding value with a least significant bit

(LSB) of the result and conditionally adding the aligned rounding value to the result.

28. The processor of claim 27, wherein the iterative arithmetic logic unit is
configured to align the rounding value with the LSB of the result by shifting the
rounding value so that the rounding value has a logic one located at a bit position

corresponding to the LSB of the result.

29. The processor of claim 27, wherein the iterative arithmetic logic unit is
configured to align the rounding value with the LSB of the result by decoding the

second programmed bit precision to produce a rounding operand.



configured to round the result by aligning a rounding
value with a least significant bit (LSB) of the result
w@ea7asso ti onal | y addi ng the aligned roundi ngPUHUSE0T/067119
the result. 28. The processor of claim27, wherein the
iterative arithmetic logic unit is configured to align
the rounding value with the LGB of the result by
shifting the roundi ng value so that the roundi ng val ue
has a | ogic one located at a bit position
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processo claim erern era
rithmetic logic unit.is confiqured to align the .
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the second progranmed bit precision to produce a

Y@H%ding oper and. 30. The processor of claim 23,

further conprising a storage elenment configured to

store the programmed second bit precision as a fixed

value or as a dynamically alterable value. 31. The

P1.0CeShOprootss6t @ dRiR030, Whered thetshed 8 @iagdcdynatetad Vatue is
alterable value is nodified responsive to one or nore
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unit ends the iterative processing responsive to an

i ndi cator received by the processor. 33. The processor

f clajm 32, wherei.n the indicator conprises.a flag. i
Bt st b5 BRcH 0RO fi@ms% he ﬁ@@althrﬁett%eglﬁwaeég%@? iterative

processing responsive to an indicator received by the processor.

33.  The processor of claim 32, wherein the indicator comprises a flag bit stored in a

register included in the processor.



