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CONDITIONAL INSTRUCTION FOR A SINGLE
INSTRUCTION, MULTIPLE DATA EXECUTION ENGINE

BACKGROUND

To improve the performance of a processing system, a Single Instruction, Multiple
Data (SIMD) instruction may be simultaneously executed for multiple operands of data in
a single instruction period. For example, an eight-channel SIMD execution engine might
simultaneously execute an instruction for eight 32-bit operands of data, each operand
being mapped to a unique compute channel of the SIMD execution engine. In some cases,
an instruction may be "conditional." That is, an instruction or set of instructions might
only be executed if a pre-determined condition is satisfied. Note that in the case of a
SIMD execution engine, such a condition might be satisfied for some channels while not

being satisfied for other channels.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1 and 2 illustrate processing systems.

FIGS. 3-5 illustrate a SIMD execution engine according to some embodiments.
FIGS. 6-9 illustrate a SIMD execution engine according to some embodiments.
FIG. 10 is a flow chart of a method according to some embodiments.

FIGS. 11-13 illustrate a SIMD execution engine according to some embodiments.
FIG. 14 is a flow chart of a method according to some crhbodiments.

FIG. 15 is a block diagram of a system according to some embodiments.

DETAILED DESCRIPTION

Some embodiments described herein are associated with a "processing system."
As used herein, the phrase "processing system" may refer to any device that processes
data. A processing system may, for example, be associated with a graphics engine that
processes graphics data and/or other types of media information. In some cases, the

performance of a processing system may be improved with the use of a SIMD execution
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engine. For example, a SIMD execution engine might simultaneously execute a single
floating point SIMD instruction for multiple channels of data (e.g., to accelerate the

transformation and/or rendering three-dimensional geometric shapes).

FIG. 1 illustrates one type of processing system 100 that includes a SIMD
execution engine 110. In this case, the execution engine receives an instruction (e.g., from
an instruction memory unit) along with a four-component data vector (e.g., vector
components X, Y, Z, and W, each having bits, laid out for processing on corresponding
channels O through 3 of the SIMD execution engine 110). The engine 110 may then
simultaneously execute the instruction for all of the components in the vector. Such an

approach is called a "horizontal" or "array of structures" implementation.

FIG. 2 illustrates another type of processing system 200 that includes a SIMD
execution engine 210. In this case, the execution engine receives an instruction along with
four operands of data, where each operand is associated with a different vector (e.g., the
four X components from vectors 0 through 3). The engine 210 may then simultaneously
execute the instruction for all of the operands in a single instruction period. Such an

approach is called a "channel-serial" or "structure of arrays" implementation.

Note that some SIMD instructions may be conditional. Consider, for example, the

following set of instructions:

IF (condition 1)

first set of instructions
ELSE

second set of instructions
END IF

Here, the first set of instructions will be executed when "condition 1" is true and the
second set of instructions will be executed when "condition 1" is false. When such an
instruction is simultaneously executed for multiple channels of data, however, different
channels may produce different results. That is, the first set of instructions may need to be
executed for some channels while the second set of instructions need to be executed for

other channels.

FIGS. 3-5 illustrate an four-channel SIMD execution engine 300 according to
some embodiments. The engine 300 includes a four-bit conditional mask register 310 in

which each bit is associated with a corresponding compute channel. The conditional mask
2
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register 310 might comprise, for example, a hardware register in the engine 300. The
engine 300 may also include a four-bit wide, m-entry deep conditional stack 320. The
conditional stack 320 might comprise, for example, series of hardware registers, memory
locations, and/or a combination of hardware registers and memory locations (e.g., in the
case of a ten entry deep stack, the first four entries in the stack 320 might be hardware
registers while the remaining six entries are stored in memory). Although the engine 300,
the conditional mask register 310, and the conditional stack 320 illustrated in FIG. 3 are
associated with four channels, note that implementations may be associated with other
numbers of channels (e.g., an x channel execution engine), and each compute channel may

be capable of processing a y-bit operand.

The engine 300 may receive and simultaneously execute instructions for four
different channels of data (e.g., associated with four compute channels). Note that in some
cases, fewer than four channels may be needed (e.g., when there are less than four valid
operands). As a result, the conditional mask vector 310 may be initialized with an
initialization vector indicating which channels have valid operands and which do not (e.g.,
operands ig through i3, with a "1" indicating that the associated channel is currently
enabled). The conditionai mask vector 310 may then be used to avoid unnecessary
processing (e.g., an instruction might be executed only for those operands in the
conditional mask register 310 that are set to "1"). According to some embodiments,
information in the conditional mask register 310 may be combined with information in
other registers (e.g., via a Boolean AND operation) and the result may be stored in an
overall execution mask register (which may then used to avoid unnecessary or

inappropriate processing).

When the engine 300 receives a conditional instruction (e.g., an "IF" statement), as
illustrated in FIG. 4, the data in the conditional mask register 310 is copied to the top of
the conditional stack 320. Moreover, the instruction is executed for each of the four
operands in accordance with the information in the conditional mask register. For
example, if the initialization vector was "1110," the condition associated with an IF
statement would be evaluated for the data associated with the three Most Significant
operands (MSBs) but not the Least Significant Bit (LSB) (e.g., because that channel is not
currently enabled). The result is then stored in the conditional mask register 310 and can

be used to avoid unnecessary and/or inappropriate processing for the statements associated

3



10

15

20

25

30

WO 2006/012070 PCT/US2005/021604

with the IF statement. By way of example, if the condition associated with the IF
statement resulted in a "110x" result (where x was not evaluated because the channel was
not enabled), "1100" may be stored in the conditional mask register 310. When other
instructions associated with the IF statement are then executed, the engine 300 will do so
only for the data associated with the two MSBs (and not the data associated with the two
LSBs).

When the engine 300 receives an indication that the end of instructions associated
with a conditional instruction has been reached (e.g., and "END IF" statement), as
illustrated in FIG. 5, the data at the top of the conditional stack 320 (e.g., the initialization
vector) may be transferred back into the conditional mask register 310 restoring the
contents that indicate which channels contained valid data prior to entering the condition
block. Further instructions may then be executed for data associated with channels that
are enabled. As a result, the SIMD engine 300 may efficiently process a conditional

instruction.

According to some embodiments, one conditional instruction may be "nested"
inside of a set of instructions associated with another conditional instruction. Consider,

for example, the following set of instructions:

IF (condition 1)
first set of instructions
IF (condition 2)
second set of instructions
END IF
third set of instructions
END IF

In this case, the first and third sets of instructions should be executed when "condition 1"
is true and the second set of instructions should only be executed when both "condition 1"

and "condition 2" are true.

FIGS. 6-9 illustrate a SIMD execution engine 600 that includes a conditional mask
register 610 (e.g., initialized with an initialization vector) and a conditional stack 620
according to some embodiments. As before, the information in conditional mask register
610 is copied to the top of the stack 620, and channels of data are evaluated in accordance
with (i) the information in the conditional mask register 610 and (ii) the condition
associated with the first conditional instruction (e.g., "condition 1"). The results of the

evaluation (e.g., 1o through ry3) are stored into the conditional mask register 610 when a
4
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first conditional instruction is executed (e.g., a first IF statement) as illustrated in FIG. 7.
The engine 600 may then execute further instructions associated with the first conditional
instruction for multiple operands of data as indicated by the information in the conditional

mask register 610.

FIG. 8 illustrates the execution of another, nested conditional instruction (e.g., a
second IF statement) according to some embodiments. In this case, the information
currently in the conditional mask register 610 is copied to the top of the stack 620. Asa
result, the information that was previously at the top of the stack 620 (e.g., the
initialization vector) has been pushed down by one entry. Multiple channels of data are
then simultaneously evaluated in accordance with the (i) the information currently in the
conditional mask register 610 (e.g., r1o through r13) and the condition associated with the
second conditional instruction (e.g., "condition 2"). The result of this evaluation is then
stored into the conditional mask register (e.g., ro through rp3) and may be used by the
engine 600 to execute further instructions associated with the second conditional
instruction for multiple operands of data as indicated by the information in the conditional

mask register 610.

When the engine 600 receives an indication that the end of instructions associated
with the second conditional instruction has been reached (e.g., and "END IF" statement),
as illustrated in FIG. 9, the data at the top of the conditional stack 620 (e.g., r1o through ry3)
may be moved back into the conditional mask register 610. Further instructions may then
be executed in accordance with the conditional mask register 620. If another END IF
statement is encountered (not illustrated in FIG. 9), the initialization vector would be
transferred back into the conditional mask register 610 and further instructions may be

executed for data associated with enabled channels.

Note that the depth of the conditional stack 620 may be associated with the number
of levels of conditional instruction nesting that are supported by the engine 600.
According to some embodiments, the conditional stack 620 is only be a single entry deep

(e.g., the stack might actually be an n-operand wide register).

FIG. 10 is a flow chart of a method that may be performed, for example, in
connection with some of the embodiments described herein. The flow charts described
herein do not necessarily imply a fixed order to the actions, and embodiments may be

performed in any order that is practicable. Note that any of the methods described herein
5
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may be performed by hardware, software (including microcode), firmware, or any
combination of these approaches. For example, a storage medium may store thereon
instructions that when executed by a machine result in performance according to any of

the embodiments described herein.

At 1002, a conditional mask register is initialized. For example, an initialization
vector might be stored in the conditional mask register based on channels that are
currently enabled. According to another embodiment, the conditional mask register is

simply initialized to all ones (e.g., it is assumed that all channels are always enabled).

The next SIMD instruction is retrieved at 1004. For example, a SIMD execution
engine might receive an instruction from a memory unit. When the SIMD instruction is an
"IF" instruction at 1006, a condition associated with the instruction is evaluated at 1008 in
accordance with the conditional mask register. That is, the condition is evaluated for
operands associated with channels that have a "1" in the conditional mask register. Note
that in some cases, one or none of the channels might have a "1" in the conditional mask

register.

At 1010, the data in the conditional mask register is transferred to the top of a
conditional stack. For example, the current state of the conditional mask register may
saved to be later restored after the instructions associated with the "IF" instruction have
been executed. The result of the evaluation is then stored in the conditional mask register
at 1012, and the method continues at 1004 (e.g., the next SIMD instruction may be

retrieved).

When the SIMD instruction was not an "IF" instruction at 1006, it is determined at
1014 whether or not the instruction is an "END IF" instruction. If not, the instruction is
executed 1018. For example, the instruction may be executed for multiple channels of
data as indicated by the conditional mask register and the remaining values in the stack are

moved up one position.

When it is determined that an "END IF" instruction has been encounter at 1014, to
information at the top of the conditional stack is moved back into the conditional register

at 1016.

In some cases, a conditional instruction will be associated with both (i) a first set of

instructions to be execute when a condition is true and (ii) a second set of instructions to

6
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be execute when that condition is false (e.g., associated with an ELSE statement). FIGS.
11-13 illustrate a SIMD execution engine 1100 according to some embodiments. As
before, the engine 1100 includes an initialized conditional mask register 1110 and a
conditional stack 1120. Note that in this case, the engine 1100 1s able to simultaneously
execute an instruction for sixteen operands of data. According to this embodiment, the
conditional instruction also includes an address associated with the second set of
instructions. In particular, when it is determined that the condition is not true for all
operands of data that were evaluated (e.g., for the channels that are both enabled and not
masked due to a higher-level IF statement), the engine 1100 will jump directly to the
address. In this way, the performance of the engine 1100 may be improved because
unnecessary instructions between the [F-ELSE pair may be avoided. If the conditional
instruction is not associated with an ELSE instruction, the address may instead be
associated with an END IF instruction. According to yet another embodiment, an ELSE
instruction might also include an address of an END IF instruction. In this case, the
engine 1100 could jump directly to the END IF instruction when the condition is true for
every channel (and therefore none of the instructions associated with the ELSE need to be

executed).

As illustrated in FIG. 12, the information in the conditional mask register 1110 is
copied to the conditional stack 1120 when a conditional instruction is encountered.
Moreover, the condition associated with the instruction may be evaluated for multiple
channels in accordance with the conditional mask register 1110 (e.g., for all enabled
channels when no higher level IF instruction is pending), and the result is stored in the
conditional mask register 1110 (e.g., operands ry through r;5). Instructions associated with
the IF statement may then be executed in accordance with the conditional mask register

1110.

When the ELSE instruction is encountered as illustrated in FIG. 13, the engine
1100 might simply invert all of the operands in the conditional mask register 1110. In this
way, data associated with channels that were not executed in connection with the IF
instruction would now be executed. Such an approach, however, might result in some
channels being inappropriately set to one and thus execute under the ELSE when no
execution on those channels should have occurred. For example, a channel that is not

currently enabled upon entering the IF-ELSE-END IF code block should be masked (e.g.,

7
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set to zero) for both the IF instruction and the ELSE instruction. Similarly, a channel that
is currently masked because of a higher-level IF instruction should remain masked. To
avoid such a problem, instead of simply inverting all of the operands in the conditional
mask register 1110 when an ELSE instruction is encountered, the engine 1100 may
combine the current information in the conditional mask register 1110 with the
information at the top of the conditional stack 1120 via a Boolean, such as new mask =

NOT(mask) AND top-of-stack.

FIG. 14 is a flow chart of a method according to some embodiments. At 1402, a
conditional SIMD instruction is received. For example, a SIMD execution engine may
retrieve an IF instruction from a memory unit. At 1404, the engine may then (1) copy the
current information in the conditional mask register to a conditional stack, (ii) evaluate the
condition in accordance with multiple channels of data and a conditional mask register,

and (iii) store the result of the evaluation in the conditional mask register.

If any of the channels that were evaluated were true at 1406, a first set of
instructions associated with the IF instruction may be executed at 1408 in accordance with
the conditional mask register. Optionally, if none of the channels were true at 1406 these

instructions may be skipped.

When an ELSE statement is encountered, the information in the conditional mask
register may be combined with the information at the top of the conditional stack at 1410
via a per-channel Boolean operation such as NOT(conditional mask register) AND top-of-
stack. A second set of instructions may be executed (e. g.', associated with an ELSE
instruction) may then been executed at 1414, and the conditional mask register may be
restored from the conditional stack at 1416. Optionally, if none of the channels were true

at 1412 these instructions may be skipped.

FIG. 15 is a block diagram of a system 1500 according to some embodiments. The
system 1500 might be associated with, for example, a media processor adapted to record
and/or display digital television signals. The system 1500 includes a graphics engine 1510
that has an n-operand SIMD execution engine 1520 in accordance with any of the
embodiments described herein. For example, the SIMD execution engine 1520 might
have an n-operand conditional mask vector to store a result of an evaluation of: (i) a first
"if" conditional and (ii) data associated with multiple cﬁannels. The SIMD execution

engine 1520 may also have an n-bit wide, m-entry deep conditional stack to store the
8
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result when a second "if" instruction is encountered. The system 1500 may also include an
instruction memory unit 1530 to store SIMD instructions and a graphics memory unit

1540 to store graphics data (e.g., vectors associated with a three-dimensional image). The
instruction memory unit 1530 and the graphics memory unit 1540 may comprise, for

example, Random Access Memory (RAM) units.

The following illustrates various additional embodiments. These do not constitute
a definition of all possible embodiments, and those skilled in the art will understand that
many other embodiments are possible. Further, although the following embodiments are
briefly described for clarity, those skilled in the art will understand how to make any
changes, if necessary, to the above description to accommodate these and other

embodiments and applications.

Although some embodiments have been described with respect to a separate
conditional mask register and conditional stack, any embodiment might be associated with
only a single conditional stack (e.g., and the current mask information might be associated

with the top entry in the stack).

Moreover, although different embodiments have been described, note that any
combination of embodiments may be implemented (e.g., both an IF statement and an
ELSE statement might include an address). Moreover, although examples have used "0"
to indicate a channel that is not enabled according to other embodiments a "1" might

instead indicate that a channel is not currently enabled.

The several embodiments described herein are solely for the purpose of
illustration. Persons skilled in the art will recognize from this description other
embodiments may be practiced with modifications and alterations limited only by the

claims.
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WHAT IS CLAIMED IS:

1. A method, comprising:

receiving a first conditional instruction at an n-operand single instruction, multiple-

data execution engine;

evaluating the first conditional instruction based on multiple operands of

associated data;
storing the result of the evaluation in an n-bit conditional mask register;
receiving a second conditional instruction at the execution engine; and

copying the result from the conditional mask register to an n-bit wide, m-entry

deep conditional stack.

2. The method of claim 1, further comprising:

evaluating the second conditional instruction based on the data in the conditional

mask register and multiple operands of associated data;

storing the result of the evaluation of the second conditional instruction in the

conditional mask register;

executing instructions associated with the second conditional instruction in

accordance with the data in the conditional mask register;
moving the top of the conditional stack to the conditional mask register; and

executing instructions associated with the first conditional instruction in

accordance with the data in the conditional mask register.

3. The method of claim 1, wherein the first conditional instruction is associated
with (i) a first set of instructions to be executed when a condition is true and (ii) a second

set of instructions to be executed when the condition is false.

10
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4. The method of claim 3, wherein the first conditional instruction includes an

address associated with the second set of instructions, and further comprising:

jumping to the ac}'dress when said evaluating indicates that the first conditional
i

instruction is not satisfied for any evaluated bit of associated data.

5. The method of claim 3, further comprising:
executing the first set of instructions;

combining the data in the conditional mask register with the data at the top of the

conditional stack via a Boolean operation;
storing the result of the combination in the conditional mask register; and

executing the second set of instructions in accordance with the data in the

conditional mask register.

6. The method of claim 1, wherein each of the n-operands of associated data is
associated with a channel, and further comprising prior to receiving the first conditional

instruction:

initializing the conditional mask register based on channels to be enabled for

execution.

7. The method of claim 1, wherein the conditional stack is more than one entry

deep.

8. An apparatus, comprising:

an n-bit conditional mask vector, wherein the conditional mask vector is to store
results of evaluations of’ (i) an "if" instruction condition and (ii) data associated with

multiple channels; and

an n-bit wide, m-entry deep conditional stack to store the information that existed

in the conditional mask vector prior to the results of the evaluations.

11
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9. The apparatus of claim 8, wherein the information is to be transferred from the
conditional stack to the conditional mask vector when an associated "end if" instruction is

executed.

5 10. The apparatus of claim 8, wherein the "if" instruction is associated with (i) a
first set of instructions to be executed on operands associated with a true condition and (ii)

a second set of instructions to be executed on operands associated with a false condition.

11. The apparatus of claim 10, wherein the "if" instruction includes an address
10  associated with the second set of instructions, and that address is stored in a program

counter when results are false for every channel.

12. The apparatus of claim 10, further comprising an engine to: (i) execute the first
set of instructions, (ii) combine the information in the conditional mask vector with the
15  information at the top of the conditional stack, (iii) store the result of the combination in

the conditional mask vector, and (iv) execute the second set of instructions.

13. The apparatus of claim 8, wherein the conditional mask vector is to be

initialized in accordance with enabled channels.
20

14. The apparatus of claim 8, wherein the conditional stack is 1-entry deep.

15. An article, comprising:
a storage medium having stored thereon instructions that when executed by a

25  machine result in the following:

receiving a first conditional statement at an n-channel single instruction,

multiple-data execution engine,

simultaneously evaluating the first conditional statement for multiple
channels of associated data,

12
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storing the result of the evaluation in an n-bit conditional mask register,
receiving at the execution engine a second conditional statement, and

copying the result from the conditional mask register to an n-bit wide, m-

entry deep conditional stack.

16. The article of claim 15, wherein the first conditional statement: (1) 1s
associated with a first set of statements to be executed when a condition is true, (iii) is
associated with a second set of statements to be executed when the condition is false, and
(iii) includes an address associated with the second set of statements, and said method

10  further comprises:

jumping to the address when said evaluating indicates that the first

conditional statement not true for any of the n-channels of associated data.

17. The article of claim 16, wherein said method further comprises:

15 evaluating the second conditional statement based on the data in the

conditional mask register and n-channels of associated data,

storing the result of the evaluation of the second conditional statement in

the conditional mask register,

executing statements associated with the second conditional statement in

20 accordance with the data in the conditional mask register,
transferring the top of the conditional stack to the conditional mask register;
and
executing statements associated with the first conditional statement in
accordance with the data in the conditional mask register.
25
18. A system, comprising:

a processor, including:

13



WO 2006/012070 PCT/US2005/021604

an n-bit conditional mask vector, wherein the conditional mask vector is to
store a result of an evaluation of: (i) a first "if" condition and (ii) data associated

with a plurality of channels, and

an n-bit wide, m-entry deep conditional stack to store the result when a

5 second "if" instruction is encountered; and

a graphics memory unit.

19. The system of claim 18, wherein the result is to be transferred from the
conditional stack to the conditional mask vector when an "end if" instruction associated

10  with the second "if" instruction is executed.

20. The system of claim 18, further comprising an instruction memory unit.

14



WO 2006/012070

1/11
100

~

VECTOR3 [ X [ Y |

N
=

VECToR2 [ X [ Y [z [ w]

VECTOR1 [ x [ Y [z [ w]

VECTOR 0

‘“$ i{‘i i’“

|
|
INSTRUCTION ——|—(> [ CH3 [ cH2 ] cH1 | CHo | :
|
|

PCT/US2005/021604

110 o SIMD EXECUTION ENGINE
FIG. 1
200\'
| Vi V2 Vi W0
[wlw]w]|w]
[(z]z[z]z7]
[YTY Ty v]
X T xTx]

R

|
|
INSTRUCTION —,—|> | cH3 | CH2 | CH1 | CHO | :
[
|

0 SIMD EXECUTION ENGINE

FIG. 2



WO 2006/012070 PCT/US2005/021604
2/11
300\
CONDITIONAL MASK
| |::> INSTRUCTIONS REGISTER
IF (CONDITION) IENERERER
31 _J
INSTRUCTIONS 0
END IF
INSTRUCTIONS
[ ]
[ ]
[ 4
. 32 _7 CONDITIONAL STACK
0 M ENTRIES DEEP
FIG. 3 (MAY BE ONE ENTRY DEEP
WHEN NESTED
CONDITIONAL
INSTRUCTIONS ARE NOT
SUPPORTED)
300\'
CONDITIONAL MASK
INSTRUCTIONS REGISTER
|:> IF (CONDITION) SN ENERER
31
INSTRUCTIONS 0
END IF
INSTRUCTIONS HIENERR
L
[ ]
FIG. 4 .

0

2 _J CONDITIONAL STACK



WO 2006/012070 PCT/US2005/021604

3/11
300\'
CONDITIONAL MASK
INSTRUCTIONS REGISTER
IF (CONDITION) [ 6 [ [ i [ i |
N g '
INSTRUCTIONS 0
[:) END IF
INSTRUCTIONS
[ ]
FIG. 5 .
. L ]

L1 [ [ |

302 —/ CONDITIONAL STACK

600
™

CONDITIONAL MASK
|::> INSTRUCTIONS REGISTER
IF (CONDITION 1) L | i | it | i |
| 61 _J
INSTRUCTIONS 0
IF (CONDITION 2)
INSTRUCTIONS
END IF
INSTRUCTIONS .
[ ]
END IF T i —
INSTRUCTIONS 62
0 CONDITIONAL STACK

FIG. 6



WO 2006/012070

PCT/US2005/021604

4/11
600\
CONDITIONAL MASK
INSTRUCTIONS REGISTER
Q IF (CONDITION 1) > [ [ m [ o |
| 61 _J
INSTRUCTIONS 0
IF (CONDITION 2)
INSTRUCTIONS B T L
END IF
INSTRUCTIONS .
®
END IF .
INSTRUCTIONS 62[ I .
A CONDITIONAL STACK
600\
CONDITIONAL MASK
INSTRUCTIONS REGISTER
IF (CONDITION 1) —— [ [ e [ | m ]
61 _J
INSTRUCTIONS 0
l:f> IF (CONDITION 2)—
r I r I
INSTRUCTIONS AL L SR AL 2
13 12 It Io
END IF
INSTRUCTIONS .
[ ]
END IF .
INSTRUCTIONS L | | 1]

62 _/  CONDITIONAL STACK

0

FIG. 8



WO 2006/012070 PCT/US2005/021604

5/11
600\'
INSTRUCTIONS CON%;'C?IQ%Q"ASK
IF (CONDITION 1) Lors [ o | o | ro |
61
INSTRUCTIONS 0
IF (CONDITION 2)
: : : i
INSTRUCTIONS I N2 L 3
E__> END IF
INSTRUCTIONS .
®
END IF .
INSTRUCTIONS | | 1 ]
662 ~/ CONDITIONAL STACK

FIG. 9



WO 2006/012070

6/11

REGISTER

INITIALIZE CONDITIONAL MASK
1002

\ 4

RETRIEVE NEXT SIMD

INSTRUCTION

IIIFII
INSTRUCTION ?
1006

EVALUATE IF INSTRUCTION

00

"END IF"
INSTRUCTION ?
1014

PCT/US2005/021604

o

v

TRANSFER DATAIN
CONDITIONAL MASK REGISTER
TO TOP OF STACK

101

y

STORE RESULT OF
EVALUATION IN CONDITIONAL
MASK REGISTER

1012

YES
MOVE TOP OF
STACKTO
CONDITIONAL MASK
REGISTER 1016
v
EXECUTE
INSTRUCTION

1018

FIG. 10




PCT/US2005/021604

WO 2006/012070

7/11

Ll Ol

<uondNIsul 35773 PeJeId0sse JO ssaippe> (NOILIGNOD) 4

SNOILOMYLSNI ﬁ

v/ 001}

MNOVLS TYNOLLIANOD h ocL
I I R I A I A T N A N
[
®
h OLLL
— 0 ﬂ__ _ Y ﬁm_Hv_ _ m_HQ_ _ 4 _ P _ 6 _ ol _ by rﬁ_|— o vy _ S _
H3LSI193Y ¥SYIN TYNOILIANOD
SNOILONYLSNI
41 N3
SNOILINYLSNI
3513
SNOILONYLSNI



PCT/US2005/021604

WO 2006/012070

8/11

¢l 9l

AIVLS TVNOILIONOD \ ocLl
_ |+ T
[ ]
[ )
o
o_ gl ] ] v_ m_ w_ ] w_ m_ o__ :_ N_,_ 9_ S_ m__
/~ 0Lt
_p__:_m.__e_z_m__e_c_e_e_o:_:.__N:_E_E_m:_
A H31SI934 MSYIN TYNOILIANOD
SNOILONYLSNI
41 GN3
SNOILONYLSNI
ERRE|
SNOILONYLSNI
<uononJsut 3873 pajeldosse Jo ssaippes (NOILIANOD) 4 AH_
SNOILONYLSNI

»/8:



PCT/US2005/021604

WO 2006/012070

9/11

¢l 9l

MOVLS T¥YNOILIANOD

i

|

|

|

|

|

0

H

]

€l

"

i

9

4

8

6]

01

Hy

2y

£l

phy

S

/~ 0L}1

3]

_

4]

| au [ wlalsy

IIENENEN RN

43 1SI1934 ¥SVYIN TYNOLLIONOD

SNOILONYLSNI
31 N3

SNOILONYLSNI

SNOILONYLSNI
<uondnisul 3573 pajeroosse Jo ssaippes (NOILIANOD) I
SNOILONYLSNI

»/8:

3573

-



WO 2006/012070

PCT/US2005/021604

10/11

RECEIVE CONDITIONAL
SIMD INSTRUCTION 1402

v

EVALUATE CONDITION FOR EACH
CHANNEL AND UPDATE CONDITIONAL
MASK AND STACK 1404

S

1406

(OPTIONAL)
ANY

CHANNEL HAVE TRUE
RESULT ?

YES

INSTRUCTIONS IN
ACCORDANCE WITH

CONDITIONAL MASK 1408
_REGISTER _

NO

UPDATE CONDITIONAL MASK WITH THE
BOOLEAN (NOT (CONDITIONAL MASK |
REGISTER) AND TOP OF CONDITIONAL ~ [*
STACK) 1410

1412
(OPTIONAL)
ANY

CHANNEL HAVE TRUE
RESULT ?

YES

A 4

EXECUTE SECOND SET OF
INSTRUCTIONS (ASSOCIATED
WITH "ELSE") IN ACCORDANCE
WITH CONDITIONAL MASK
REGISTER 1414

Yy

RESTORE CONDITIONAL MASK REGISTER
FROM TOP OF STACK 1416

»

4

FIG. 14



WO 2006/012070 PCT/US2005/021604

11/11
1500
GRAPHICS ENGINE
j————————-
| SIMDEXECUTION |
| ENGINE 4520 |
_______ — 1510
INSTRUCTION GRAPHICS
MEMORY MEMORY
UNIT UNIT
1530 1540

FIG. 15



	Abstract
	Bibliographic
	Description
	Claims
	Drawings

