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,BACKGRQJND OF THE INVENTION 1. Field of the Invention T‘H%
invention relates generally to data registers in mcroprocessor circuitry
and nore particularly to a Single Instruction Multiple Data (SI M)
correction circuit for nodifying the results of an arithnetic/shift

oper ati on. 2. Description of Related Art ' Heretofore, |ogic
circuits have been proposed to inprove performance of arithmetic/shift
operations in data processing. Wth the increasing need for processing

| arge anmobunts of data.at

SIMD CORRECTION CIRCUIT FOR ARITHMETIC/SHIFT OPERATIONS

BACKGROUND OF THE INVENTION
1. Field of the Invention
This invention relates generally to data registers in microprocessor circuitry and more
particularly to a .Si_ngle Instruction Multiple Da£a (SIMD) cq;'rection circuit for modifying the

results of an arithmetic/shift operation.

2. Description of Related Art:

Hercto fore, iégic circuits have been proposed té improve perfomiancc of hrithmetidéhiﬁ
operations in data processing. With the inbreasiﬁg,need for processing large amgunts 6f data at
ever increasing speed, improved efficiency of arithmetic/shift operations is very important. In
particular, one of the difficulties of Multi-media, especially relating to graphics, is the large
number of data that must be processed. An attribute of the Single Instruction Multiple Data
(SIMD) is that each SIMD instruction can perform an operation on each 8 bit, 16 bit, 32 bit, or

64 bit ficld of a 64 bit operand independently.

A SIMD ADD, for example, would perform an add on the first, second, third and fourth
16 Eit section of the register operands as if the SIMD ADD were 4 independent 16 bit add
instructions. A SIMD SHIFT, for example, would perform a shift on the first, second, third, and

fourth 16 bit section of the register operands as if the SIMD SHIFT were 4 independent 16 bit



ever *i ncreasi ng speed, inproved efficiency of arithnetic/shift operations
ks very inportant. In particular, one of the difficulties of Milti-nedia,
especially relating to graphics, is the large nunber of data that nust be
procéssed. An attribute of the Single Instruction Multiple Data (SIM) is
that each SIMD instruction can performan operation on each 8 bit, 16 bit,
32 bit, or 64 bit field of a 64 bit gperand I ndependent | y. A

SI MD ADD, for exanple, would perform&n add on the first, second, third and
fourth 16 bit section of the register operands as if the SIMD ADD were 4
I ndependent 16 bit add instructions. A SIMD SH FT, for exanple, would
performa shift on the first, second, _third, and 16 hit section of

the regi SHEFTApusghiens. Adso, the SHIF Eppgsatiqns fplude shift Jeft, #Héﬁitggbl@ﬁf’al-l%“%ﬁﬁ ht

arithrpetic.

SIMD has gained recent popularity with the announcement of the I'ntel MMX Extension.
The MMX is a SIMD arch.itecture. Implementing MMX extensions to the_ X86 architecture costs
a(iditibnal execution units dedicated to the MMX format. Converting a standard execution unit
to perform bbth siandard and SIMD opemtion§ introciuccé diﬁic.ulties that havc; not heretofor
been addressed.  First, additional execution units ad@s delay to critical paths‘. such as carry
propagate paths since in SIMD the carry between SIMD sub-opfcrandé (16 bit or 32 bit sections)
must be sup.pressed.' Second; additional éxecution units requires additional silicon real estate

(area). Third, additional execution units increases the development time and cost because the

execution units are highly specialized circuits.

SUMMARY OF THE INVENTION
This invention includes a correction circuit to convért a standard logic execution unit nto
perform both standard operations and SIMD operations. This invention has the advantages of
alleviating-the. difficulty of delay to critical paths such as carry propagate paths; i'equiring less
silicon space than if additional execution units were added; and does not require developing
further highly specialized execution units. Execution units are highly specialized and thus to
make a change to one is very labor inténsive. This invention improves the performance of

processing large amounts of data in applications such as Multi-media and signal processing.



SHI BT instructions. Al so, the SH FT operations include shift left, shift
Jight logical, shift right arithnetic. SI MD has gai ned recent
popularlty with the announcement of the Intel MWK Extension. The MK is a
SIMD architecture. Inplenmenting MU extensions to the X86 architecture
costs additional execution units dedicated to the MW format. Converting a
standard execution unit to performboth standard and SI MD operations
introduces difficulties that have not heretofor been addressed. First,

addi tional execution units adds delay to critical paths such as carry
propagate paths since in SIMD the carry between Sl M sub operands (16 bit

or 32 bit ectlo ond lon units
requires a df Feh (%' ehmlmaieg ﬁﬁ"f %'éﬁ:gfe%aﬁ%f gecal(sg @GS n%h cF it oy 'ic% rPé’ihs saves
crecul | on Wal L RS AR 2hgb ot SRIERL L 21 L e
SUMVARY G:the-:r lr_!cl.::,tnlxc[;{\x{*lizn[ggfg\lcomplex unit with added logic therein. Another operation that requires
processing large amounts of data which has application in both Multi;media and signal
proccssing is matrix multiply. The present invention may be used on the standard logic of
'_ arlthmetlclshlft operatlons (e.g.,-ADD, SUBTRACT, DIVIDE, MULTIPLY, SHIFT) of
Anthmetlc Logic Units (ALUs) and Shift logic.
. _'I‘his invention includes a microprocessor circuit having an execuiion unit for execution
of standard instructions in an arithmetic/shift operation and a correction circuit responsive to the
execution unit for modifying the standard instructions provided by the execution unit to results
required by a SIMD instruction being executed. This improves efficiency of the operations
because the correction circuit modification may be performed in a second cycle and the
arithmetic/shift operation is frec to execute a second ins‘truction in the second cycle. The
arithmetic/shift operation results from an instruction provided by either an Arithmetic Logic Unit
(ALU) or by a shift function. 'l;he correcﬁon_ circuit passes data, unchanged for standard logical
instructions but provides condition codes according to the SIMD instruction. The correction
circuit cc;;'rects arithmetic opcrations by operating on standard data based on significant bits and

carry bits for sub-unit boundaries.

In the case of a Shift operation, this invention includes a Shifter performing standard



This‘invention includes a correction circuit to convert a standard |ogic
gxecution unit to performboth standard operations and Sl MD operations.
This invention has the advantages of alleviating the difficulty of del ay
to critical paths such as carry propagate paths; requiring less silicon
space than if additional execution units were added; and does not require
devel oping further highly specialized execution units. Execution units are
hi ghly specialized and thus to make a change to one is very | abor
i ntensive. This invention inproves the performance of processing |arge
amounts of data in applications such as Miulti-nedia and signal processing
This invention elimnates the critical_ paths, because |ogic is not added in
the criti caperginnsen instryetions i sfirsteyglecfioperatipny & mpskgeperptingfdreuit eparalls! withe
execution unit is being reused; and does not require

the Shifter circuit, and a correction circuit responsive to the Shifter and the mask generating

circuit for modifying the standard results provided by the Shifter to results required by a SIMD

Shift operation being executed. This modification may be performed by an address overlay mask

in a second cycle operation and the Shifter is free to execute a second instruction in the second

cycle.
BRIEF DESCRIPTION OF THE DRAWINGS

The pre-ferred exemplary é_mbodim'ent of the present invention will hereinafter be

described in co’njunction with the appended drawings, where like designations denote like

elements, and:

FIG. 1 depicts. a block diagram showing an execution unit for performing an
arithmetic/shift operation and correction circuit of a first preferred embodiment in accordance
with the present invention.

FIG. 2 depicts a block diagram showing an execution umt for performing an
ari.thmetic/shift operation unit and correction circuit of a second preferred embodiment in
accordance with the present invention.

FIG. 3 depicts a high level view of a SIMD .operation in accordance with a preferred

embodiment of the present invention.



the®restructuring of a conplex unit with added | ogic therein. Another

,oper ation that requires processing |arge anounts of data which has
application in both Milti-nmedia and signal processing is matrix nultiply.
The present invention may be used on the standard | ogic of
arithnetic/shift operations (e.g., ADD, SUBTRACT, DI VIDE, MILTIPLY, SH FT)
of Arithnmetic Logic Units (ALUs) and §hi ft logic. This invention
i ncl udes a m croprocessor circuit havihg an execution unit for execution
of standard instructions in an arithnetic/shift operation and a correction
circuit responsive to the execution unit for nodifying the standard
instructions provided by the execution unit to results required by a SIM
i nstruction beFKg 4depials e tlowTisgramnmdisclosisg asbireation yoiy dethil ithaccorgiancet wising
because the correction circuit nodification may be perfornmed in a second
cycl e and ptefiarredoemtiodinednit of theiprésenpmvattionn is free to execute a second .
instruction in the second cycle.- The arithnetic/shift operation results

from an instruglGo5\ddpica €6 dixgr@mtdTalshifi fuddtioh RRdcoidahdeOiith 4 piekerrddALU) or
by a shift function. The correction circuit passes data, unchanged for

standard lL.o@gb&iflent difd {}%Eénitﬂﬂiml?dﬁ. provi des condition codes according to
t he Sl I\/D instructi on. e correction circuit corrects a_ri thmet! C
operations by ggerablids aSbRaRtctRl B a2 e Wit il Prdst i ANenBbd 8 2C
depicted in Fig. S.
FIG. 7 depicts AND/OR mask (AOM) detail in accordance with the present invention
- as depicted in Fig. 5. |

FIG. 8 depicts a block diagram showing an execution unit/correction unit for a third

preferred embodiment in accordance with the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

Referring to Figure 1, a microprqéessor circuit 10 of the present invention is shown with
a correction circuit 20. The correction circuit 20 modifies the results of either standard operations
of an ALU (Figure 4) or of standard operations of a Shifter (Figures 5-7) to results required by a
SIMD instruction being executed. Standard execution unit 16 receives an instr;\ctiou to be
executed from a reservation station (s1) 15 which holds the instruction 14 to bé executed. The
execution unit 16 providés access (o registers 12 and performs either an ALU operation or a
shifter operation. Finish stage (s2) 18 iwlds results to be written when the instruction 14

completes in the write-back stage.



carfy bits for sub-unit boundaries. : In the case of a Shift
soperation, this invention includes a Shifter perform ng standard

operations on instructions in a first cycle of operation, a nask generating
gircuit in parallel with the Shifter circuit, and a correction circuit
responsive to the Shifter and the nmask generating circuit for nodifying
the standard results provided by the Shifter to results required by a SIM
Shift operation being executed. This nofli fi cation may be perforned by an
address overlay mask in a second cycle operation and the Shifter is free
to execute a second instruction in the second cycle.

A correction circuit 20 is shown including correction unit 22 and finish_ stage (s3) 24 for
SIMD applications. In a first embodiment in Figure 1, the execution unit is depicted as-a two-
stage pipeline. The first stage 17 to the pipeline enters the correction circuit 20 and the second
stage 19 to l.he pipeline bypasscé the correction circui; 20 to MUX 26 for non-SIMD operations.
The résults to registers 28 of the two pipe_lines 17, 19 are provided to fhe registers 12.

' Figure 2 depicts a correction cu:cult 30. ofa second e_ﬂtbc_iciimeht of the pre's;ent invention.
This embodiment is similar to Figure 1 except that the MUX 26is eliﬁiﬂated, ;)e'ﬁnitti_ng a
SIMD or correction operation in the saf'r.le. cyg:l.e."__éls a ﬁbﬁ-SiMD'opFrafion. AjSIMD correction
iﬁstruction is passed through flow l:in'c 29and 'a'ﬁdn;S:II\:rID instf_llctidn bypasses the correction
unit 22 thréugh ﬂéw line 31. _
1 i

In yet another implementation Figure 8 shows a combined execution unit/correction ux.ﬁt
100. The correction stage could be performed by the ALU or shift operator of the execution
unit/correction unit 100 by feeding the result 17, 101 of the first [;ass of the ALU or shift
bperator stage back to the ALU or shift operator with appropriate control hardware added. All of

these implementations become obvious to one skilled in the art when taught the present invention .

and are therefore claimed by this disclosure.

SIMD Implementation Using Standard ALU .
Figure 3 shows a high level view of a SIMD operation 40. An instruction 14 is depicted.
A single SIMD instruction 44 performs operations simuitaneously on subsets 7, 6, 5,4, 3,2, 1,0

of the registers 12. As shown, Register operand (R2) 44 points to a 64 bit register 12. The



BRI EF DESCRI PTI ON OF THE DRAW NGS The preferred exenpl ary

.embodi ment of the present invention will hereinafter be described in
conjunction with the appended draw ngs, where |like designations denote |ike
el ements, and: FIG 1 depicts a block diagram show ng an

execution unit for performing an arithnetic/shift operation and correction
circuit of a first preferred enbodinent in accordance wth the present

i nventi on. FIG 2 depicts a bl bck di agram showi ng an execution unit
for performng an arithnmetic/shift operation unit and correction circuit

of a second preferred enbodi ment in accordance with the present invention.
FIG 3 depicts a high level view of a SIMD operation in accordance with a
pr ef er r ecoperant deptmretinn QF spejqifiep thesaparatipm fereample, R1<-R1 +R2 ADD instruction.

The instruction 14 will perfom iﬁdependent adds on each subset 7 through 0. Each subset 7
through 0 could be a single byte such that 8 independent adds are performed by the instruction
using each of the 8 bytes in the 64 bit register operand, or the subset could be 16 or 32 bits.

| Refering to Figure 4, the (ietail of the cérrection unit 20 of Figures 1 and 2 are depicted-
for usé witha étandard ALU. A 64 _bit execution unit 16 has an _éight byte result register 24. B7
is the high order byte, B(6),... with B.(O) being the low order byte. Each of thes-'e bytes has three
additional latches C(n), Cl(n), and ZB(n). C(h) is the carry out of the high (_)izder bit of B(n) (the
éan-y out of the byte)', Cl(n) is the carry into the high order bit of B(n), and ZB(n) indicates that
all bits of B.(n) are z.érd. |
]éacih of these B(n).registers is connected to a box labeled F(n), the force box. F(n) has
two input control lines plus the data from B(n). The input control lines are Force 8(n) and Force
0(n). Force 8(n) forces hex ‘80" on the oﬁtput FB(n) of this box v;lhile Force 0(n) forces hex “00'.
If both control lines are off then the input bus is passed to the output bus unmodified. The FB(n)
byte output goes to a increment/decrement box ID(n). This box has two control inputs IB(n) and
DB(n). IB(n) increments the input bus by one and DB(n) decrements the input bus by one. Both
control lines being off passes the input bus to the output bus R(n) unmodified. 'ID(n) thus has a
byte output bus and a output control line CB(n). -This output is the CARRY/BORROW NOT
line for the byte incx'elneﬁﬂdecrcnlent. That is, it should be active when DB(n) is active AND
FB(n)=X’00', OR when IB(n) is active.and FB(n)=X'FF".

The following explain examples of the operations to be performed. While all



5 : FIG 4 depicts a flow diagram di sclosing a correction unit

detail in accordance with a preferred enbodi nent of the present invention.
FIG 5 depicts a flow diagramof a shift function in accordance with a-
preferred enbodi ment of the present invention. FIG 6 depicts mask
generator detail in accordance with the present invention as depicted in
Fig. 5. FIG 7 depicts AND) OR mask (AOM detail in accordance with
the present invention as depicted in Fig. 5. FIG 8 depicts a

bl ock di agram showi ng an execution unit/correction unit for a third
preferred enbodi nent in accordance with the present invention.

combinations of these functipns are not possible in the current SIMD definition the present
invention contemplates all possibilities.

A number of instruction parameters are provided during the correction stage. First,
Byte(B), Word(W), Double word(DW), and Quadword(QW) data size (where a word is 16 bits)
is provided. Second, an ADD or SUBTRACT instruction is provided. Third the instruction may
be in signed or unsigned format. Signed numbers are standard two’s complement format, while
unsigned assumes only positive numbérs. Fourﬂx, these instmctioﬁs are performed with either
saturation or without. Without saturaﬁm means that results wrap if they q_:c‘i;eed the specified
size. With saturation means that if t:h;:.resuits exceed the size then the largest or smallest number
possible given the format is inserted. .For example, in the case of an unsigned byte an overflow
produccs a result of 255 ox; hex ‘FF” while an underflow (for subtract only) produces a result of 0
or hex ‘00'. TFor signed byte an overflow produces a result of 127 or X’7F” while an under flow
(possible with add and subtract) produces a result of -128 or hex ;80'. The structure defined in
FFipures 1-4 allow for imp]cmcnlzition of correction for all combinations of the above instruction
parameter scenarios. Note that while the F-box produces the X’00' and X’80" directly the
constants X’FF* and X*7F’ are produced indirectly taking the X’00" and X°80' and decrementing

by onec. ..

In the simplest scenario ADD UNSIGNED BYTE (no saturation). The low order byte
B(0) needs no correction. The next byte B(1) needs to be decremented by one if C(0)=1. Thus

DB(1)=C(0). In general B(n) needs to be decremented by one if C(n-1)=1 of DB(ri)=C(n—l).



BEST MODE FOR CARRYI NG OUT THE | NVENTI ON Referring to Figure 1, a
.Mmcroprocessor circuit 10 of the present invention is shown wwth a
correction circuit 20. The correction circuit 20 nodifies the results of

ei ther standard operations of an ALU (Figure 4) or of standard operations
of a Shifter (Figures 5-7) to results required by a SIM instruction being
executed. Standard execution unit 16 regeives an instruction to be

executed froma reservation station (sl1) 15 which holds the instruction 14
to be executed. The execution unit 16 provides access to registers 12 and
perfornms either an ALU operation or a shifter operation. Finish stage (s2)

18 hol ds resul tRortie ABDWNSIGNEIMVEORDHBo bdtrhtion} $cefitio] the resGlnB{ 19/B76) riedds e
write-back stage.
correction. The next wm_’d B(3)/B(2) needs to be decremented by one if C(1)=1. This means that .
DB(2)=C(1) and that DB(3)=CB(2). In general then DB(n)=C(n-1) and DB(n+1)=CB(n) wheré
n=2,4,6. |

ADD UNSIGNED DOUBLE WORD follows a similar pattern while ADD UNSIGNED
QU!_\DWORD. needs no correction. It should also be obvious that the above pattern is identical
for ADD SIGNED (no satur;itioﬁ). | |

In ADD UNSIGNED BYTE WITH SATURATION only overflow is possiblé, so only
forcing X°FF" is required. The low order byté B(O) needs no decrementing- but if C(0)=1 then
X’FF° should be forced.” This is done by setting FO(0)=1 and DB(0)=1. Thus FO(0)=C(0) and
DB(0)¥C(O). The next byte B(1) needs to be decremented if C(0)=1 and needs to be forced to
X'FF if C(1)=1. Thus FO(1)=C(1) and DB(1)=C(0) OR C(1). Note that it is acceptable to force
X’FF’ in the case where C(1)=1 was caused by C(0)=1 because tl;e result ignoring C(0) must
have be;en X’FF’ anyway. So in general FOI(n)=C(n) and DB(n)=C(n) OR C(n-1).

With regard to ADD UNSIGNED WORD WITH SATURATION, the low order word
B(1)/B(0) does not need to be decremented but if C(1)=1 then .bot_h bytes need to be forced to
XFF. Tbus DB(1)=DB(0)=FO(0)=FO(1)=C(1). The next word B(3)/B(2) needs to be
decremented if C(1)=1 and forced to X’FFFF’ if C(3)=1. For B(2) then DB(2)=C(3) OR C(1)
and I‘O(Z)—C(3) For B(3) then FO(3)—C(3) and DB(3)=C(3) OR CB(2). In general
FO(n+1)=FO(n)=C(n+1) and DB(n)=C(n+1) OR C(n-1) and DB(n+1)=C(n+1) OR CB(n) where

n=2, 4, 6.



A correction circuit 20 is shown including correction unit 22 and finish
stage (s3) 24 for SIMD applications. In a first enbodinent in Figure 1,
the execution unit is depicted as a two- stage pipeline. The first stage
17 to the pipeline enters the correction circuit 20 and the second stage
19 to the pipeline bypasses the correction circuit 20 to MJX 26 for

non- SI MD operations. The results to rﬁgi sters 28 of the two pipelines 17,
19 are provided to the registers 12. Figure 2 depicts a correction
circuit 30 of a second enbodi nent of the present invention. This
enbodinment is simlar to Figure 1 except that the MJX 26 is elim nated,
permtting a | corr i ON fi i sane .cycle as a non-Sl MD
operation. A SWM(& i ﬁﬁw’ﬁﬂéﬁﬁﬁﬁfﬁmﬂﬁﬁﬁﬂwwwwww line 29
and a non-SIMD instruction bypasses the correction wunit 22 through flow
line 31. I n yet another- inplenmentation Figure 8 shows a conbined -
execution unit/correction unit 100. The correction stage could be ’
performed by t heunsigoedpdditionf €(nd pepresenss ovekflavh avhilg under flow couldinbf lmppere dini on
unit 100 by feeding the result 17, 101 of the first pass of the ALU or
shift signed addition underflow and overflow are possible so it is more-complicated. Let OV(n)=C(n)

[g7ie)
Yy

NOT AND ClI(n) represc;:nt overflow, while UV(n)=C(n) AND NOT CI(n) represent underflow
and V(n)=UV(n) OR OV(n) represent some OVerﬂow/undefﬂéw condi_ﬁon.

ADD SIGNED BYTE WITH SATURATION requires forcing X'7F" or X'80'. The low
order byte B(0) needs no decrementing but if OV(0)=1 then B(O)needs to be forced to X*7F”
while if UV(0)=1 then B(0) needs to be forced to X*80". ‘Thus and XTF i OV(1)=1. Thus
F8(1)=V(1) and DB(1)=0V(1) OR C(0). In general 'i’S(h)=V(n) and DB(1.1)=OV(n) )R C(n-1).

ADD SIGNED WORD WITH SATURATI(;N adds complication'. When detecting
underflow or overflow the word must be forced to X’8000' and X*7FFF" respectively. Thus the
low order byte must be forced to X’00' and X’FF’ while the high ;)rder b);te must be forced to
X’80"' and X*7F". The low order word B(1)/B(0) does not need to be decrer.nented but if
OV(1)=1 then B(1)/B(0) needs to be forced to X’7FFF’ and if UV(1)=1 then B(1)/B(0) needs io
be forced to X*8000'. Thus F8(1)=F0(0)=V(1), DB(0)=DB(1)=OV(1). The next word B3/B2
must be decremented if C(1)=1, forced to X*7FFF’ if OV(3)=1, and forced to X”8000" if
UV(3)=1. Thus F)(3)=F0(2)=V(3), DB(2)=0V(3) OR C(1) and DB(3) =OV(3) OR DB(2). In
_general F8(n=1)=F0(n)=V(n+1), DB(n)=)V(n=1) OR C(n), and DB(n+1)=0V(n+1) OR DB(n)
for n=2, 4, 6. -

ADD SIGNED DW/QW WITH SATURATION follows a similar péttem. .The



operator stage back to the ALU or shift operator with appropriate control
bardware added. All of ‘these inplenentations becone obvious to one skilled
in the art when taught the present invention and are therefore clained by
this disclosure. SIMD | npl ement ation Using Standard ALU Figure
3 shows a high level view of a SIMD operation 40. An instruction 14 is
depicted. A single SIMD instruction 44 perfornms operations sinultaneously.
on subsets 7, 6, 5, 4, 3, 2, 1, 0 of the regi sters 12. As shown, Regi ster
operand (R2) 44 points to a 64 bit register 12. The

7 operand instruction OP specifies the operation, for exanple, Rl< -Rl_+

R2 ADD i n§f.lf3’llﬁ§\i¢clns'cenarios are the same as ADD except that instead of the correction being
decremented by one when carry in is one, it is incremented by one when carry in is zero (borrow-
is one). Underflow and overflow are defined the same.

COMPARE FOR EQUAL and COMPARE FOR GREA'I‘ER THAN take two operands
in the s_igned B, W, DW, or QW length and perform a co'mpare. The result field is set to all ones
lf true and all zeros if false. Given the ZB(n), C(n) and CI(n) s1gnals itis trnnal to determine if
the Byte, Word Double word, or Quadword is EQUAL or GREATER THAN. The structure
defined already permits forcing all zeroes and all ones.

Referring to Figure 4 the carry log1c can be generatcd in many ways known in the art.
The figure |mphes a “ripple” arrangement but carry predlct and carry look-ahead techniques (for

i i
instance) may be used within the scope of the invention.

SIMD Shift.Instruction With Standard Shifter
As shown in Figure 1 a reservatio.n station (s1) 15 which holds the instruction to be

. exccuted, an execﬁti011 unit 16 includes a SHIFTER (FIG. 5), access to registers '127 and a ﬁnish
stage (s2) 18 which holds results to be written when the instruction completes in the write-back
stage. Figure 2 shows the present embodiment of the i.m;e;ntion where the execution unit 16 is a
two stage pipeline and SIMD {:orrection is bypassed for non-SIMD instructions. This
embodiment is more fully. described above. The SIMD stage takes the result of the Shifter
operation and corrects the sub-units to conform with the SIMD .operation.

In another implementation of the invention the MUX 26 could be eliﬁinated, permitting a

i



The“instruction 14 will performindependent adds on each subset 7 through
.0. Each subset 7 through O could be a single byte such that 8 independent
adds .are performed by the instruction wusing each of the 8 bytes in the 64
bit register operand, or the subset could be 16 or 32 bits.

Refering to Figure 4, the detail of the correction unit 20 of Figures 1 and
2 are depicted for use with a standarngLU. A 64 bit execution unit 16 has
an eight byte result register 24. B7 is the high order byte, B(6),... with
B(0) being the | ow order byte. Each of these bytes has three additional

| at ches C(n), Cl(n), and ZB(n). C(n) is the carry out of the high order bit

of B(n) ($MMD iwtiétonat Eonﬁ%lefehﬁ tiYdafik cydit 49 sirlgle dyBR iftstubtion fBllGWinB S, Ni gh
order bit of B(n), and ZB(n) indicates that all bits of B(n) are zero.

Each of th ' s 0 : , f
box () has Hpeheriofbt Shitted:didiUM A Etnt iveficifife taEl e Doeghitfba OV °
|1 8 . 0 ot ' 80'
(ho oot A B PET b Wl bdF g P BR i,
| . . | u . )
unmodi f i ede ﬁ TlﬂB{?ﬁ?Pf°B%*%°%1?Pbg£f3\jbfé§3M- éﬁi°§§}e§ﬁ+g’rﬂm@ﬁe?£‘f?ﬁ°fﬁ6x 1 D(n).

This box has two control inputs IB(n) and DB(n). IB(n) increnents the

i nput busolpjousieongekillod i jhedoe-art when taught theiprasent inyaatiomand aee. th@efore cont r ol
i nes being off passes the input bus to the output bus R(n) unnodified.

| D(n) t huenchmpasged by this disclosure.

pouk

Figure 3 shows the concept of the SIMD operation, a single SIMD instx;uc,tion performs
operations simultaneously on subsets of the register operands. Register (R2) 44 points to a 64 bit
operand 12. The OP code specifies the operation (Rl <-R2 SHIFT instmc';ion for instance).
The SIMD instruction will perform independent SHIFTS on each subset. The subset could be a
single byte such that 8 independent SHIFTS are performed by the instruction using each of the 8
bytes in the 64 bit register operand, or the subset could be 16 or 32 bits.

Figure 5 shows a high level view of a Shifter stage 60 of a. preferrt-ad embodiment of the
present invention. The Shift Count (SCNT) 62, Operand 64 and Result regs 82 are part of the
standard Shift Unit function for Non—SIMD instructions. A Mask Generator 76 uses the Operénd
64 and Shift Count 62 to generate a Mask Reg (MR) 80 for the AND-OR Mask (AOM) 84 in
parallel Wi_th the standard shift result. The Mask generator, MR, and AOM are the correction
circuit as depicted in Figs. 1 and 2. | The result of the AOM 84 is latched in the final result

(second stage) register.

The details of the Mask Generator 76 are shown in Figure 6. The Left or Right shift



byte out put bus and a output control line CB(n). This output is the
, CARRY/ BORRONVNOT |ine for the byte increnment/decrenent. That is, it should
be active when DB(n) is active AND FB(n)=X 00", OR when IB(n) is active

and FB(n)=X FF'. The follow ng explain exanpl es of the operations
“to be perforned. Wiile all

8 conbi nati ons of these functions arng not possible in the current SIM

definition the present invention contenplates all possibilities. A

nunber of pgstr t| on paraneters are provided during the correction stage.
First, (9é)1 Wrd(W, Double word(DW, and Quadword(QWN data size

I( \rll\/(s]ﬂ 30 ?I {cgto'r E‘r’g@ Pg LS J;H;.\'f;(?%-f)\fvﬁlé h}eg\;t?,{? n'? gﬁglﬁ%{kSéR?) 82 creg{es Refik Count

Mask (SCNTM) 62. The Byte Shift Mask (BSM) 78 generates the shift mask for each byte of

Table 1. Byte Shift Mask (BSM) Function

SCNTM  BSM (7:0)

210 76543210
000 11111111
001 11111110
010 11111100
100 11110000
101 11100000
1o 11000000
111 10000000

the 64 bit mask. This mask would be correct if it was a byte left shift with a count less than

- eight. ANDing the mask with the data produces the proper result for a shift left. Table 2
desrcibes the equations for deriving wh'en the shift cc;unt is greater than or equal to a certain
number. For example SCT8 is the equation for SCNT greater than or equal to 8. They are use&
in Table 3 to define the force X’00' (FOSn) function for shift left and the force x’ff* (F1Sn)

function for shift right.



be tn signed or unsigned format. Signed nunbers are standard two's
.conpl enent format, while unsigned assunes only positive nunbers. Fourth,
these instructions are performed with either saturation or wthout.
Wt hout saturation neans that results wap if they exceed the specified
size. Wth saturation neans that if the results exceed the size then the
| argest or snall est nunber possible gjven the format is inserted. For
exanple, in the case of an unsigned bgj["e an overflow produces a result of
255 or hex "FF' while an underflow (for subtract only) produces a result of
O or hex '00'. For signed byte an overflow produces a result of 127 or
X 7F while an under flow (possible with add and subtract) produces a
result of -128 or hex '80'. The structure defined in Figures 1-4 allow for
i npl ementation of correction fo I i nations of the above instruction
paraneter scenarios. Note tha{ram‘fiall'éhﬁﬁgg"ﬁtgc@?atb%duces the X 00' and X 80'
directly the constants X FF and X 7F are produced indirectly taking the
X' 00" and X 80' and decrenmenting SGI8 ofi@3+54+55+56 In the sinplest
scenari o ADD UNSI GNED BYTE (no sa¥Gikdk #8A¥S5t8Ae | ow order byte B(0) needs
no correction. The next byte B(1)SCEMdsSt6SG{SHéSARMent ed by one if C(0)=1.
Thus SCT32 =85+86

SCT40 =S6+S5 A (S3 + S4)

SCT48 = S6+ (S5 A S4)

SCTS6 =S5A S4AS3

SCT64 =86

Table 3. SHIFT LEFT AND SHIFT RIGHT

LEFT FOS7 FOS6 FOS5 FOS4 FOS3 FOS2 FOSI FOSO
RIGHT FIS7 FISS FIS5 Fi1S4 FIS3 FIS2 FiS1 FiSt

BYTE LEFT O 0 0 0 0 0 0,
0 0 0 0 0 0

0
RIGHT 0

o

WORD  LEFT SCTI16 SCT8 SCT16 SCT8 SCTi6 SCT8 SCTI16 SCTS
RIGHT SCT8 SCTI16 SCT8 SCTI6 SCT8- SCT16 SCT8 SCTI6

DWORD LEFT SCT32 SCT24 SCT16 SCT8 SCT32 SCT24 SCT16 SCTS
RIGHT SCT8 SCTi16 SCT24 SCT32 SCT8 SCT16 SCT24 SCT32

QWORD LEFT SCT64 SCT56 SCT48 SCT40 SCT32 SCT24 SCTI16 SCTS
RIGHT SCT8 SCTI16 SCT24 SCT32 SCT40 SCT48 SCT56 SCT64

At this point when the mask in the MR is AND/OR red with the 64 bit shifted data in the result
registgr according to the function code defined in figure 7 the proper result is generated. The
mask generated for shift left has ones where the data should be preserved and zeroes where it
should be zeroed out. For shift right zeroes indicate t}_lc data should be preserved and ones

indicate that zeroes or oncs should be padded depending upon the kind of shift (arithmetic or

W



DB(1)=C(0). In general B(n) needs to be decrenented by one if C(n-1)=1
.orDB(n)=C(n-1). 9

For the ADD UNSI GNED WORD (no saturation) scenario, the result B(1)/B(O
needs no correction. The next word B(3)/B(2) needs to be decrenented by
one if C(I)=1. This neans that DB(2)=C(1) and that DB(3)=CB(2). In general

then DB(n)=C(n-1) and DB(n+l)=CB(n) where n=2,4,6. ADD UNSI GNED
DOUBLE WORD follows a simlar pattern ile ADD UNSI GNED QUADWORD needs no
correction. It should al so be obvious that the above pattern is identical
for ADD SI GNED (no saturation).. I n ADD UNSI GNED BYTE W TH

SATURATI ONogighly atV @ bpst¥priaie Righ okdek Bit. SO only
Table 4 shows the Generation of the function field which goes to the AOM. Referring to
Figure 7, the AOM receives the MR and Result register for each byte and performs the function
indic:;lted in Table 5 based on the FN(X) field.

Table 4. FN(X) GENERATION!

Operation: FN7 FN6 FN5 FN4 FN3 FN2 FNI FNO

SL(BWDWQW) - Ol - 01 ©01 o0 01 01 01 Ol

SRL (B,W,DW,QW) 100 10 10 10 10 10 10 10
SRA(B)* R63 RS5 R47 R39 R31 R23 RIS R7
SRA(W)* "~ R63 R63 R47 R47 R31 R31 RIS RIS
SRA(DW)* R63 R63 R63 R63 R31 R31 R31 R3I
SRA(QW)* RG3. R63 R63 R63 R63 - R63 . R63 R63

! SL=SHIFT LEFT
SRL=SHIFT RIGHT LOGICAL
SRA=SHIFT RIGHT ARITHMETIC
B-BYTE
W=2 BYTES
DW=4 BYTES
QW=8 BYTES

*For SRA, the two bit FN code isa “1" concatenated with R(y) where y is a bit position
(i.e.. R15 is bit 15). '



forcing X FF' is required. The |ow order byte B(0) needs no decrenenting
sbut if C(0)=1 then X FF should be forced. This is done by setting FO(O)=1
and DB(0)=1. Thus FO(0)=C(O and DB(0)=C(0). The next byte B(l) needs to
be decrenmented if C(O =1 and needs to be forced to X FF if C(1)=1. Thus
FQ(1)=C(1) and DB(1)=C(0) OR C(1). Note that it is acceptable to force

X FF' in the case where C(1)=1 was cauged by C(0)=1 because the result
ignoring C(O nust have been X FF anyway. So in general FQ(n)=C(n) and
DB(n)=C(n) OR C(n-1). Wth regard to ADD UNSI GNED WORD W TH
SATURATI ON, the | ow order word B( 1)/B(O) does not need to be decrenented

but if C(1)=1 then both byt _es gwgqq X FF' . Thus
DB(1) =DB(O =FOQ(O =FQ(1 ) =C(1I) . e next wor O’“%( 2) needs to be

decrenented if )0 1 and for ' FFFF' E =l. For B(2) then _
DB(2)=C(3) OR and FO(2)li or B( 3)=C(3) and DB(3) _:083)
OR CB(2). | al F +1) = n+1 = + n-1) an
DB( n+(1) ):C( nEI ? erCB( n) O(vvhner) Bﬁln,n 6.) \%EE&)EQQ A :

11 " RORMR SHIFT RIGHT W/ ONES

This invéntion has been described in terms of specific embodiments, set forth in detail. It
should be understood, however, that these embodiinents are presepted by way of illustration
only, and that the invention is not néceséarily limifed thereto. Modifications ar;d variations
within the spir_it and scope of tile claims that follow will be rea;dily apparent from this disclosure,

as those skilled in the art will appreciate. |



10 ° ABD '"\'Q'GNED DW QN W TH SATURATION follows a simlar pattern.

Jn unsi represents overflow, while under flow could not
happen. m m#nﬂ | on underfl ow and overfl ow are possible so it is
m)rec (n)=C(n) NOT AND Cl(n) represent overflow, while

uVv(n) =C(n) AND NOT CI(n) represent underflow and V(| rt(
ds

represent sone overfl ow underfl ow condill7i on. [i‘)'"%l T
SATURATION requires forcing X 7F or X 80'. The | ow ,
no decrenmenting but if OV(0)=1 then B(0O)needs to be forced to X 7F while
if UV(0)=1 then B(0) needs to be forced to X 80'. Thus and X 7F if
OV(1)=1. Thus F8(1)=V(1) and DB(I) =0V 1) OR C(O) .I'n general F8(n)=V(n)
and DB( n)=0V(n) )RC(nl [
ADD S| GNE V\p?c %L SATURATI ON adds corrpl i cation. Wen detecting

underfl ow © «lﬁ”f"F % the word nust be forced to X 8000 and X 7FFF
respectively. Thus t he

1. A microprocesspr circuit comprising:
a). arithmetic/shift function performing standard 6perations on instructions in a
first cycle of operation; and
| b). a correction circuit responsive to said érithmetidshift functio.n for modifying
the standard results provided by said an'thmetic/shift function to results réquircd by a

Single Instruction Multiple Data (SIMD) instruction being executed:

2. The circuit of claim 1, wherein the correction circuit modification is performed in a second

cycle.

3. The circuit of claim 2, wherein the arithmetic/shift function is (ree to execute a second

instruction in the sccond cycle.

4. The circuit of claim 1, wherein the arithmetic/shift function and the correction circuit can each

complete an instruction in the same cycle.

5. The circuit of claim 1, wherein the arithmetic/shift function is an instruction provided by an

Arithmetic Logic Unit (ALU).

This Sheet Has Been R
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| ow~order byte nust be forced to X 00' and X FF' while the high order byte
,nust be f nd X 7F . The | ow order word B(1)/B(0) does not

" need to bmnm Imm“ﬂ OvV(1)=1 then B( 1)/B( 0) needs to be forced to

X 7FFF and i f W(M=F tHhen B( 1)/ B(0) needs to he=toreet—to X WO Thus

F8(1)=FO(0)=V(1), DB(O) =DB(1) =OV(1). The next rrdiiSBSH@Hﬁ‘ﬁqu e
decrenmented if C(1)= 1, forced to X 7FFFgif 3) = =1, RERAGED ced dlo X 8000
if UV(3)=1. Thus F)(3)=F0(2)=V(3), DB(2)=0Vv(3) and DB(3) =0v(3) OR
DB(2). In general F8(n=1)=FO0(n)=V(n+l), DB(n)=)V(n=l) OR C(n), and

DB(n+l ) =0V(n+l1) OR DB(n) for n=2, 4, 6. ADD S| GNED DW QW W TH
SATURATION follows a simlar pattern. The

6. The circuit of claim 1, wherein the correction circuit passes data, unchanged for logical

instructions but provides condition codes according to the SIMD instruction.

7. The circuit of claim 5, wherein the correction circuit corrects arithmetic operations by

operating on standard data based on significant bits and carry bits for sub-unit boundaries.
8. The circuit of claim 5, wherein the standard ALU includes an ADD opetation.

9. The circuit of claim 1, wherein the arithmetic/shift function is a SHIFT instruction.

This Sheet Has Been Reilaced




iSUBT e sanme as ADD except that instead of the

correct nted by one when carry inis one, it is
|ncre ﬂmnuﬂmmrearry inis zero (borrovv- is one) Underflow and
overflow are Mned the sane. COVPARE HPRE

GREATER THAN take two operands in the signed B, PRVIEEF c%/?‘-:@ﬁ‘g h and
performa conpare. The result field is S&t to aI e RERLA e_and all
zeros if false. Gven the ZB(n), C(n), and CI(n)%T'S TC 1S trrvial to
determne if the Byte, Wrd, Double word, or Quadword is EQUAL or GREATER
THAN. The structure defined al ready perm’ts forcing all zeroes and all
ones. Referring to Figure 4, the carry Iogi Cc can be generated in
many ways known in the art. The figure inplies a "ripple" arrangenent but

carry prediQl AARibrGRédeysok ERéIARL Bkbch P VILINLMEdId StfuctiboApFisSthg Y be used .

within the scope of the invention. SIMD Shift Instruction Wth Standard
Shifter ViR Afthiie8U16gid URit(REBY Yedbohfing StaRdard whi ch
hol ds the instructi oﬁpt o‘% execu 1 (‘i,,%l (Sln e&%cu?ﬁoﬁ uﬁtljt %@%#ges a’

SH FTER (FI G S)instrﬁ&?o%.%?nztnﬁr& gﬁléofeorp%ra?ign; agl(Pd' a finish

b). a correction circuit responsive to the ALU for modifying the standard results

provided by the ALU to results required by Single Instruction Multiple Data (SIMD).

11." The circuit of claim 1, wherein the correction circuit modification is performed in a second

cycle.

12. The circuit of claim 2, wherein the ALU is free to execute a second instruction in the second

cycle.

13. The circuit of claim 1, wherein the ALU and correction circuit can each complete an

instruction in the same cycle.
N

This Sheet Has Bee
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stage ('SZ) 18 which hol ds results to be witten when the instruction

,conpl ete ‘Hﬂ“ﬂ“ﬂmﬂ stage. Figure 2 shows the present enbodi nent
of the |F1‘IH“! e execution unit 16 is a two_stage pipeline anq
SIMD corréctfontid b passed for non-SIMD instruction - TH ! bggﬂtlls

nore fully described above. The SIMD stage takes thelresul A er
operation and corrects the sub-units t? conformw th
I n anot her inplenentation of the inven Pon the MUX 26 coul d be elim nat ed,
permtting a 12
SIMD instruction to conplete in the same cycle as a single cycle

instructi @8, RQhicRMrddssot circuit comprisihg Yet another inplenentation of the
present invention the correction stage 20 could be perfornmed by the

Shi f by fegdj .
back 10 the Sl Ttep Wg‘i"ﬁ‘%%af"ﬁ%ﬁ”.gast‘a&"%%?? i ARRRLO AT RS hode

I mpl enent at i ong becone
peraion,

b). a mask generating circuit in parallel with the Shifter circuit; and
c). acorrection circuit responsive to said Shifter and said mask generating circuit
for modifying the standard results provided by-said Shifter to results required by a SIMD

SHIFT instruction being executed.
15. The circuit of claim 13, wherein the modification is performed in a second cycle.

16. Theé circuit of claim 14, wherein the modification is performed by an address overlay mask '

circuit.

17. The circuit of claim 14, wherein the Shifter is free to execute a second instruction in the

second cycle.

18. The circuit of claim 13, wherein the Shifter and correction circuit can each complete an

instruction in the same cycle.

19. The circuit of claim 13, wherein the Shifter performs a SHIFT operation.

. This Sheet Has Been Relilaced
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obvious to one skilled in the the art when taught the present invention and
are therefore enconpassed by this disclosure. Figure 3 shows the
concept of the SIMD operation, a single SIMD instruction perforns
operations sinultaneously on subsets of the register operands. Register
(R2)44 points to a 64 bit operand 12. The OP code specifies the operation
(Rl < -R2 SH FT instruction for.instancg)j. The SIMD instruction wll
perform i ndependent SHI FTS on each subset. The subset could be a single
byt e such t haSIMD CORRECHON SHREUST HOR AR THMETGSHIFE OPERATION®N usi ng
_each of the 8 bytes in the 64 bit register operand, or the subset could be
16 or 32 HBSIRACT Figure 5 shows a high |level view of a Shifter stage

60 of a preferred enbodi ment of the, é)j esent_inventjon. The Shift Count
(SCNT) 62, Opernpucrorrogassoreirenit (103 issdisclosed dorinstructions ga an arifhpeticdshifii f ¢

e B g R 1, MG Sy S5t
eran Bt
Gener at or o i ity e BE iratt, Bt AoBARAR o b ceiGiive g B, Fi s,

| and 2. Iifhiéiyenif flinctibh o bfitying theeinlifath tedultd roblaBiby eyl ¢ (second

stage) register.
arithmetic/shift function to results required by a SIMD instruction being executed. The

arithmetic/shift function is an instruction provided by either an Arithmetic Logic Unit
(ALU) or by a shift instruction. The correction circuit (20) passes data, unchanged for
logical instructions but provides condition codes according to the SIMD. instruction.
Fig. 1 |



™~

jﬁ_ce etails of the Mask Generator 76 are shown in Figure 6. The Left or
*Ri‘ght shift ' . 13 BU9- 96-
108 indicator (L/R) 66 in conjunction with the Shift Count Regi ster (SCNT)
62 creates a Shift Count Mask (SCNTM 62. The Byte Shift Mask (BSM 78
generates the shift mask for each byte of

Table 1. Byte Shift Mask (BSM Function ' - SCNTM
BSM (7:0) _ 210 76543210
' 1/8
14
/ 10
INSTRUCTION /
b s 15 1/2
EXECUTION UNIT
STAGE 1 REGISTERS
16—

17— I
} CORRECTION UNIT } 19
| |
| : 122
T
| |
20— | |
| |
s3 24
S T
2/6
\ -
MUX 2‘8
\
RESULT
TO
REGISTERS

FIG. 1



g

000 11111111 00 1 1111110

010 - 1111100 ' 100 ., 11110000
101 11100000 110 11000000
111 10000000 the 64 bit mask. This mask would be correct if it was a

byte left shift with a count less than eight. ANDing the mask with the
data produces the proper result for a shift left. Table 2 desrcibes the
equations for deriving when the shift ngPt is greater than or ‘equal to a
certain nunber. For exanple SCT8 is the equation for SCNT greater than or
equal to 8. They are used in Table 3 to define the force X 00" (FOSn)
function for shift left and the force x'ff' (F1Sn) function for shift

i ght. ' 14
reg ;4
INSTRUCTION
EXECUTION UNIT REGISTERS
16—+ |
P 3 - _—18
29— :
| |coRRECTION UNIT] | — 31
I )/22
. | “1 |
I |
30— | |
! | 28
s3
'L_?_]a_ _____ I | 2
. \
RESULT
24 TO
REGISTERS
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Table 2. Shift Count Equations . SCT8 =

¥S3+54+S5+S6 | SCT16 = S4+S5+S6

SCT24 = S5+S6+(S3 A S4) - SCT32 =S5+S6

SCT40 = S6+S5 A (S3 + S4) SCT48 = S6+ (S5 A
s4) SCT56 = SS A S4 A S3

SCT64 =S6 Tabl e 3. SH FT LEFT AND SHI FT RI GHT

LEFT - FOS7 FOS6 FOS5 FOs4 FOs3 Hds2 FOsl  FOSO RIGHT FIS7
FISS FIS5 FIS4 FIS3 FIS2 FIS FIS BYTE LEFT 0 0

0 0 0 0 0 0 RIGHT 0 0 0

0 0 0 0 0O WORD LEFT  SCT16 SCT8 SCT16 SCT8
SCT16 SCT8 SCT16 SCTS RIGHT SCT8 SCT16 SCT8 SCT16 SCT8
SCT16 SCT8 SCTI6 DWORD LEFT  SCT32 SCT24 SCT16 SCT8 SCT32 SCT24
SCT16 - SCT8 RIGHT SCT8 SCT16 SCT24 SCT32 SCT8 SCT16 SCT24

SCT32 QAORD LEFT SCT64 SCT56 SCT48 SCT40 SCT32 SCT24 SCT16 SCT8
RIGHAT  SCT8 SCT 16 SCT2414SCT32 SCT40 SCT48 SCT56 SCT6440

INSTRUCTION / ' /
OP | R1 |R2 44

m76543210

) '——’12

_/’16
EXECUTION/CORRECTION UNIT 120

+—101

FIG. 3



LY

At this point when the mask in the MRis ANDDORred with the 64 bit shifted
‘data in the result register according to the function code defined in
figure 7 the proper result is generated. The mask generated for shift |eft
has ones where the data should be preserved and zeroes where it should be
zeroed out. For shift right zeroes indicate the data should be preserved
and ones indicate that zeroes or ones4%%ould be padded dependi ng upon the
kind of shift (arithnetic or | ogi cal) and the appropriate high
order bit. Table 4 shows the Generation of the function field

whi ch goes to the AOM Referring to Figure 7, the AOMreceives the MR and
Result register for each %gte and perforns the function
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indicated in Table 5 based on the FN(X) field.

*Tabl e 4. FN(X) GENERATI ON Qper at i on: FN7 FN6 FN5 FN4
FNS FN2 FN1 FNO SL (B, WDWQW 01 01 01 01 01
01 01 01 SRL (B, WDW QW 10 10 10 10 10 10
10 10 SRA(B)* R63 R55 R47 R39 R31 R23 RIS R7
SRA(W * R63 R63 4 R4A7 R31 R31 R15 R15
SRA( DW * R63  R63 8R63 R31 R31 R31 R31 SRA(QW*
R63. R63 R63 R63 RG63 R63 R63 R63 SL=SHI FT
LEFT SRL=SHI FT RI GHT L@J CAL SRA=SHI FT RI GHT
ARl THVETI C S B- BYTE W2 BYTES DW4
BYTES e\\
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QA8 BYTES *For SRA, the two bit FN code is a "I" concatenated with
'‘R(y) where y isa bit position (i.e., RI5 is bit 15).

Tabl e 5. AOM FUNCTI ONS FN (1:0) FUNCTI ON
DESCRI PTI ON 01 R AND MR SHI FT LEFT
10 R AND MR err] SH FT RIGHT W ZERCES 11
R OR MR SHI F‘I('bRI GHT W ONg$sg This invention has been
described in terns of speawfic enbodi nents, set forth in detail. | shoul d
be understood, however, thit these en‘rﬁ@msnts are presented by way of
illustration only, and tha tpe nver@\rgn I S nOT hecessari | ytmm fed
thereto. Mddifications and vy g ons S
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wthin the spirit and scope of the clainms that follow w |l be readily
“apparent fromthis disclosure, as those skilled in the art will

appreci ate. 17 Wat is
clained is: 1. A mcroprocessor circuit for executing a single
instruction multiple data (SIMD) instryction, conprising: a
standard execution unit for receiving 48D data and perform ng a non- Sl MD
operation on the SIMD data during a fgrsty cycle and outputting a result in
a non-SIMD format; and . = a cogerpgdilon systemfor receiving the result
in the non-SIMD format and fa» ify the result to a SIMD format.

2. The circuit of claim 1,§Wnerei n %e correction systemnodifies the

result during a second cycle. 8/ \

FNO

AOM1

\
FN1—//

AOM2

\
FNZ—//

AOM3

\
FN3—//

AOM4
FIG. 7
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3. The circuit of claim2, wherein the standard execution unit can
*performa second non-SIMD operation on a second set of non-SIMD data during
t he second cycl e. 4, The circuit of claiml1, wherein the standard
execution unit conprises an arithnmetic logic unit (ALU). 5. The
circuit of claim4, wherein the ALU includes an adder circuit.

18 6. The circuit of claim4, wherejn the correction system conpri ses:

a register for storing data contalmluﬁt&e result in the non-SIM format;
and : a plurality of correction circuits coupled to the register,
each correction circuit operating on a portion of the data stored in the
regi ster.

14

/

INSTRUCTION

; s; +—15

1
EXECUTIS?N UNIT

CORRECTION UNIT
100——

—101

} ) 1 —18

28
{.
\

RESULT
- T0
REGISTERS

FIG. 8
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1. - :
.‘subset of - th n SI VD format and a pI urallty of carry data'
" wherein the IH;H* ‘cul ated duri Ng. t hefswarcir i ¢ eriEerinon- SIMD .
oper at i Icuit of claim7, whe “-- el P1YE urallty

respectlve subset to at |east one predeterm ned

dat a. The circuit of claim@8, wherein ¢a¢h of the plurpljty of
-correctlonWhﬁtd%??@@dﬁprl ses an.increment/decr et CIrcuit that . a%_
“increment and decrenent the output of the force dircuit. 10 The
‘cireuit ofyclaimg ﬁncrwﬁ%aésh& élfbﬁlt%r?é}éiéﬁti’nge‘i(ﬁﬁglé iri%&ub!ibti mulilpk Gdva (SIVD)

1nstruct10n, compnsmg

a standard execution unit for receiving SIMD data and performihg anon-SIMD
~ operation on the SIMD data during a first cycle and outputting a result in a non-SIMD

format; and

a correction system for receiving the result in the non-SIMD format and for

modifying the result to a SIMD format.

2.  -The circuit of claim 1, wherein the correction system modifies the result during a

second cycle.
3. The circuit of claim 2, wherein the standard execution unit can perform a second

non-SIMD operation on a second set of non-SIMD data during the second cycle.

4, The circuit of claim 1, wherein the standard execution unit comprises an
arithmetic logic unit (ALU).

5. The circuit of claim 4, wherein the ALU includes an adder circuit.



cessor circuit for executr ng.a ‘Singl e REBLAGEMENT SHEET

~19 11. Am

SMiltiple Dat'a ,l " r""t ’mel nstruction on SI'MD data, |cdnmpri si ng:

.a standard exe ceiving the’ SI'ND arithnetilc ingt-me-\;laggg
for performnganon SI arit'hmetic opeati on on the SI M) ¢ durrng
~first.cycle, and-for . outputting:a non-SI'ND result; aregrster—to

storing data subsets of the non-SI MD resul t, V\/nerel n each dat a subset o
further inél udeﬂ‘hacsahtoﬁclmﬁi@,tvﬁtbrelﬁltllieycdﬁcﬁorﬁ@lswmedlﬁphswrl ng. the non-SIMD

~-arithmetic.operation; -and - .. a correction system conprising a
plurality of correctlo crrcur s, wherein each correction circuit operates
~on a uni que one HTCEISRT Igniton geQutaiping thieswt in thesor-SIMD-tormat; 9t em

-outputs a SIMD result: 12 The:circuit of claim 11, wherein each

- correction ciTCuibiueipbi &dtfection circuits cBuplEl RAhE kgithy ¢ borfeBilor Qi t e
respective data s%bset to at | east or?ec p edeterrﬁ% d‘t (%E ase upon t he -

rel ated caopsrating on agmlhonofthedataastonedcndrmglstdecrerrent circuit that can
i ncrenent ‘and decrenent the out put of the force circuit based upon the
rel ated carry dat a.

7. The circuit of-claim 6, wherein each portion of data comprises a subset of the -
result in the non-SIMD format and a plurality of cany data, wherein the carry data are

calculated during the execution of the non-SIMD operation.

8. The circuit of claim 7, wherein each of the plurality of correction circuits

comprises a force circuit that can force the respective subset to at least one predetermined
value based upon the carry data. '

9. The circuit of claim 8, wherein each of the plurality of correction circuits

comprises an increment/decrement circuit that can increment and decrement the output of
the force circuit.

10. The circuit of claim 1, wherein the standard execution unit is a shiftcr.
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ircuit of claim12, wher ei n the arit

g !| Iﬂ"me"MCm of_cl..al m 11,

he re el at ed carry data conpi ses; 1 Dit rnnfa.t-m- g a Carry
of a_high order bit.of the reSpective ¢ata subset; B '
g a carry into value of the high bit of lhe—espective tata
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subset; antl. A rmcropﬁocbsstor EmEult fod extutinga Singdd InstrudtionMNukipte Data (SIMDY e

~ dat.a subs

- Single In
conpri sed

et. are.zero. . A nlcroprocessor CIFCUIt fOF executlng a

sqrrtbw%wswmw;ﬂne%ﬂ?éa'@srqmnsm ft instruction on a SIM operand o

of a plurality of data subsets, conprising:
a standard execution unit for recclvmg the SIMD arithmetic instruction, for

. performing a non-SIMD arithmetic operation on the SIMD data dunng a first cycle, and
for outputting a non-SIMD result;

a register for storing data subsets of the non-SIMD result, wherein each data -
subset further includes a set of related carry data calculated during the non-SIMD
arithmetic operation; and

a correction system, comprising a plurality of correction circuits, wherein each
correction circuit operates on a unique one of the data subsets, and wherein the correction

system outputs a SIMD result.

12.  The circuit of claim 11, wherein each correction circuit ¢omp1ises:_

a force circuit that can force the respective data subset to at least one

predetermined value based upon the related carry data; and

‘an increment/decrement circuit that can increment and decrement the output of

the force circuit based upon the related carry data.
13. The. cilzcuit of claim 12, wherein the arithmetic operation is an add operation.

14.  The circuit of claim 11, wherein the correction system operates during a second

cycle.



. 'a. standard executtomunit—for receiving.the SIMD shi fti

perfo'r m'_ng,a ration on the SIM oper '
- cycle,- and forﬁmmmtﬂm;l(m"mﬁ Sl MD result; egi ster-for
storing the non:SieMDiresul §; a correcti on syist 4l MaR 1999
converting the non-SIM result.to a. SI ‘resul t’,. whereijn {the correctio
system conprises a mask generator and ah and-or mask' (AQW) . 17. " The

circuit ofix! aiThelfrcuivbeciaim 12hﬁhmmlthgfultaeda¢arfy deneorap data mask

-
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-conpr.ised of-a plurality of: bytes, and wherein .each byte corresponds to one .

" "of the data subsets of the SI VD ‘oper an The cirguit of claim17,;:
“wherein the magkb lbmalpsraqaﬁmyagelugo hagmor‘ieybﬁfof#aﬁre@eem ta subsghabl e

of  farcing each of the plurality of bytes to a value of either hex FF or
hex 00. a bit containing a carry into value of the high bit of the respective data subset and

a bit for indicating if all bits of the respective data subset are zero.

16. A :microprocessor circuit for executing a Single Instruction Multiple Data (SIMD)
shift instruction on a SIMD operand comprised of a plurality of data subsets, comprising:

a standard execution_ unit for receiving the SIMD shift instruction, for performing
a non-SIMD shift operation on the SIMD operand during a first cycle, and for outputting a
non-SIMD result; '

a register for storing the non-SIMD result; and

a correction system for converting the non-SIMD result to a SIMD result, wherein

the correction system comprises a mask generator and an and-or mask (AOM).

17.  The circuit of claim 16, wherein the mask generator generates a data mask
comprised of a plurality of bytes, and wherein each byte corresponds to one of the data
subsets of the SIMD operand. '

18.  The circuit of claim 17, wherein the mask generator includes a plurality of force
circuits capable of forcing each of the plurality of bytes to a value of either hex FF or hex
- 00.



