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PIPELINE DECOUPLING QUEUE DESIGN FIELD OF THE INVENTION This invention
relates to a processor generally, and specifically to performance
enhancement of the processor's pipelines. BACKGROUND OF THE INVENTION
Processor designers have always attempted to reduce the amount of time a
processor TAKES to execute a program. One technique for increasing a
processor's performance is by overlapping the steps involved in executing
multiple instructions. This technique is known as pipElining. Each step in
the pipeline, or a pipe stage, completes a part of an instruction. The pipe
stakes are connected one to the next to form a pipe, where instructions
enter at one end, arc processed through the stages, and exit at the other
end. Because pipElining exploits parallelism among the instrictions in a
sequential instruction stream, it yields a reduction in the average
execution time per instruction. Since instruction execution proceeds at
different rates in various pipe stages) in order to ensure the optimal
performance of a pipeline, one method involves inserting queues in the
pipeline to decouple these pipe stages. For example, when a queue is
inserted between a fetch stage and a decode stage of a pipeline, a
processor can retrieve the instructions during the fetch stage and store
them in the inserted queue. Instead of waiting for the output of the fetch
stage, the processor can obtain instructions directly from the queue and
proceed with its decode stage. As a result, the execution of the fetch
stage and the decode stage have been decoupled. In other words, the two
stages can carry our their own tasks independently.    1 2 MAR 2003 1V0
00I177.1-1 PCT/1JS99/21864 Although the described dccoupling queue
mechanism enhances the performance of a pipeline, its limitations still may
hamper continued design efforts in speeding up processors. As a processor
further splits up its pipe stages _ and increases its clock speed) the
duration of the decouPlin~ qmuc's setup time and its delay to perform
either a~rcad or a write operation can become prohibbitively lengthy in
view of a diminishing clock cycle. When such overhead cdunJs to the
processor clock cycle, no further pipelining rs useful in enhancing a
processor's performance. As has been demonstrated) an improved method and
~rpp:ll'~1LLIS !s needed to InCCI lhC ag?rCSSIVC L1n1111o ~O:rIS and l0
dCSlbl1 a pl'OCC~SOi' .lt :1 I;.11'~~',Ct frCqUC(tCy J without impacting
its performance. SU1W~IARY OT' TI'If: INVI:NT10N A method and apparatus for
expediting the processing of a plurality of rn~tructiorls in a processor.
tn one embodiment, the processor has a plurality oC pipeline units to
process a plurality of instructions. Eacll of the pipeline units has a
plurality of pipe stages. Further, a self-timed queue is provided to
decouple at least one of the mentioned pipe stages from another, wherein
the self-timed queue supports both read and write operations within a
single clock cycle of the processor. RRIF;F DCSCRIPTION OF THE DRAWINGS The
present invention is illustrated by way of example and is not limited 



by the figures of the accompanying drawings, in which like references
indicate similar elements, and in which: Figure 1 illustrates a
conventional pipeline for processing instructions. 2   wo oon7~~.s
PCT/US99/21864 Figure 2 illustrates the scduence for processing
lrISICLICIlOIIS according to the pipeline in Figure 1. Figure 3 illustrates
a block diagram of one spcciClc application of the Present lnvcntlon.
Figure 4 illustrates a block diagram of one embodiment of the present
invention. Figure 5 illustrates a general purpose computer system
architecture. Figure G illustrates a flow chart for one embodiment of the
present invention's control logic unit. Figure 7 illustrates a flow chart
for the write pointer and read pointer manipulation of the present
invention's control logic unit. Figure 8a illustrates an example where the
write pointer and the read pointer point to the same entry in the present
invention's data storage unit. Figure 86 illustrates an example where the
read pointer has wrapped around and WR mode is activated in the present
invention's data storage unit. Figure 8c illustrates an example where the
write pointer has wrapped around and RW mode is activated in the present
invention's data storage unit. 1 2 MAR 2003 Figure 9 illustrates a timing
diagram for generating a write signal and a read signal within a processor
clock cycle. 3   12 MAR 2003 \VO 00/177.i.1 a DI:'I'AI1,ED DLSCRIPTION
PCT/US99121864 A method and apparatus for expediting the proccssin~ of a
plur,rlity of rnstructions in a processor is tlcscribed. 1n the following
cJe~cription, numerous 



specrFic details arc set forth such as control logic unit, data storage
unit and timing generation unit, etc. in order to provide a thoro>.rgh
uncicrst;inding of the present invention. However, it will be apparent to
one of ordinary skill in the art .` I that the invention may be practiced
without these particul,ir details. In other instances) well known elements
and theories such as processor clcai~~n, rc~~istry file, pipeline, setup
time, etc. have not been discussed in sp~cral details in order to avoid
unnecessarily obscuring the present invention. Figure 1 illustrates a
conventional pipeline for' proccsstng instructions. The processing of such
instructions consists of four stages: instruction fetch 100 (referred to as
F)) instnrction decode l02 (referred to as I~), operand address
COITlpulall0n 104 (referred to as A), and execution/opcrand fctch/operand
store 10G (referred to X). Each of these steps become a pipe sta~;c and
results in the execution pattern shown in Figure 2. While each instruction
still takes four clock cycles) during each clock cycle the hardware is
executing some part of four different instructions. Although pipelining
does not reduce the execution time of an individual instruction) it
increases the number of instructions completed per unit of time. Having
briefly discussed the conventional pipeline principles, Figure 3
illustrates a block diagram of one specif is application of the present
invention. 1t should be apparent to one ordinarily skilled in the art to
apply the block diagram to other pipe stages in a processor. In addition)
Figure :~ illustrates a block diagram of one embodiment of the present
invention. The block diabram can be implemented in various types of
processors within different general purpose computer systems. One such
computer system is illustrated in Figure 5. 4   12 MAR 2003 w0 00/17744
PCT/US99I21864 This computer system architecture comprises a processor S00
with a pipeline unit S02 containing the present invention for processing
audio, video and clam information, coupled with bus element 504 for
communicating information) _ ;~ random access memory S06 coupled with said
bus clctnent S04 for storing static information and instructions for said
processor 500) a data storage device 5l2 such as a magnetic disk and disk
drive coupled with said bus element 504 for storing an operating system S
16, information and instt~uctions, a readable medium S 14 such as a floppy
disk or a CD coupled with said bus clement S04 for retrieving information
and inst~zictions for said processor S00) a display device 50S coupled to
said buy element S04 for displaying information to the computer user and an
alphanumeric or other conventional input de:vicc S 10 coupled to said bus
clement 504 for communicating information and command selections to said
processor 500. Operation of the Prcscnt Invention The invention at hand is
a method and apparatus for expediting the processing of a plurality of
instntctions in a processor. Specifically, the present invention not only
decouples one pipe stage in a processor's pipeline unit from another, it
also supports both read and write operation from the same data storage
location within the processor's single clock cycle. Further) the present
invention generates its own non-overlapping read and write signal to
trigger the appropriate read and write operations. These read and write
signals remain active for a minimum duration to complete the desired
operations and to meet a subsequent logic stage's setup time requirement.
The invention also includes logic to determine the most efficient sequence
to execute the read and write operations. Qne application of the invention
is a general purpose computer system operating on particular components as
illustrated in Figure 3. Specifically) selected pipe stages in pipeline
unit 502 in conjunction with the present invention   1 2 MAR 2003 ~.vo
oo~t~~aa 



PCTNS99/21864 arc used to demonstrate the functionality of decoupling queue
306. After operating system 516 on data storage device 5l2 loads
instructions from either cJ.rta storage device 512 or readable medium 5I4)
it also scu up the necessary environment for the instructions' execution.
The instructions for processor 500 ~tr~ typically stored in random access
memory 506. Block 300 retrieves variable-length instnrctions from memory.
Then block 3U? rotates and aligns this retrieved information by tlru number
of bytes cJcrivcd from block 304's pre-decoding. Blocks 300, 302 and 3U1
can together be considered as pipe stage F 10U as shown in Figure: I. Since
decoupling queue 306 storc:a outputs from block 301, inuruction decode unit
305, or hips st.ye D I02 in Figure 1, dots not need to stall for the
completion of prpc sta~~c F 100. lnstcad, instruction decode unit 305 can
proceed by processing storc<I instnrctions from dccoupling queue 306. In
other words, operations of pipe stage F 100 and pipe stage D 102 have been
clcc~vul~lecl by use of decouplin? queue 306. It should be cmphasircd that
although specific pipe staJcs arc used to ci~~crihc the present invention)
the invention may be i~ic~rporatc~l in other pipe ~t~rJes without exceeding
its scope. For example, decouplin; clucuc 306 miry be in~crtcd between pipe
stage D 10? and pipe stage A l0-1. vloreovcr, it should be obvious to one
of ordinary skill in the art to apply the prc~ent invention to many more
pipe stages than the four illustrated in Figure 1, or to multiple pipelines
within a processor or to multiple processors within an illustrative
computer system in Figure 5 without departing from the scope of the present
invention. The mechanism of decoupling queue 306 in Figure 3 is further
elaborated in Figure 4. Specifically, decoupling queue 306 includes control
logic unit 400, timing generation unit 402 and data storage unit 404. In
one embodiment of the present invention) data storage unit 404 is a
register file. Figure 4 and Figure 6 illustrate one embodiment of control
logic unit 400. According to its external input 406 and its internal
pointer calculations, control logic unit 400 generates a control signal 410
to indicate the desired read and write 6   1 2 MAR 2003 ~o ooil~~44
PCTIUS99/21864 mode for decoupling queue 306. Specifically) control logic
unit 400 begins by setting timing generation unit 402 to
write-operation-first-read-operation-later (referred to as WR) mode in step
600. As control logic unit 400 calculates the _ location in data storage
unit 404 to write incoming data 412 into and to read outgoing data 414
from, control logic unit 400 maintains an independent write pointer and a
read pointer to track the calculated locations. Ciased on the values of
IlICSe two pointers or the value of its external input 406) control logic
unit 400 determines whether data stora~c unit 404 has capacity to continue
receiving incoming data 412 in step 602. When the write pointer and the
read pointer indicate a full data storage unit 404, or when external input
406 indicates a stall in the previous pipe stage) control logic unit 400
issues a control signal 410 to timing generation unit 402 for switching to
read-operation-firstwrite-operation-later (referred to as RW) mode in step
604. Otherwise) WR mode continues. In a similar fashion, based on the write
pointer and read pointer values, control logic unit 400 verifies whether
the read operations on outgoing data 414 have depleted data storage unit
404 in step 606. Depending on the outcome of step 606 and the present state
of control logic unit 400, either RW mode changes back to WR mode, or the
state, RW mode or WR mode) remains unaltered. In conjunction with examples
shown in Figures Sa, 8b and 8c and the block diagram shown in Figure 4,
Figure 7 further illustrates the discussed read pointer and write pointer
operations. In step 700) using data storage unit 404 with five entries as
shown in Figure 8a) the read pointer 800 (referred to as RP 800) and the
write pointer 802 (referred to as WP 802) initially point to the same first
entry, and control logic unit 400 begins with WR mode. As incoming data 412
enters data storage unit 404, WP 802 is incremented in step 702. Similarly)
as outgoing data 414 leaves data storage unit 404, RP 800 is also
incremented in step 702. When either pointer reaches the end of data
storage 404, or entry 5) the pointer is wrapped around or begins from entry
1 again. 7  



12 MAR 2003 wo oo/t~~.t-s PCT/US99/2 y 864 Figure 8b demonstrates one
possible scenario where RP S00 has wrapped around and data storage unit 404
rs empty. More specifically) when WP 802 has advanced from entry 1 to 5 and
t~;r~ wrapped around to entry ?, and when RP 800 has also advanced in the
similar manner) all incoming data 412 already written into data storage
unit 404 have been read out through outgoing data 414. When RP S00 and WP
S02 point to tits same entry 2 in step 70=1, and RP 800 is verified to have
wrapped around in step 7UG) WR mode corttinucs in step 71U. In other words,
write operations must take place before any further read operations can
occur. As the write operation executes) WP 802 advancca to entry 3 while RP
S00 remains at entry ?. Ort the other hand) rigurc Sc offers an
alterrt:~tiv~ scenario where data storage unit 404 is full. Analogous to
the previous discu~sion~, when RP 800 and WP S02 point to the same entry in
step 704) and WP 802 is verified to have wrapped around in step 708. WR
mode is changed to RW mode in step 712. More particularly, read operations
must occur prior to any aubaequent write operations, because data storage
unit 404 cannot accept any additional incoming data 412. As the read
operation executes, RP S00 is incremented to entry 3 while WP 802 remains
at entry 2. Although details in one embodiment of the prc;;ent invention
arc used to describe a particular mode switching mechanism and a control
logic unit 400's operations, it will be apparent to one of ordinary skill
in the art to use other methods to achieve the same goals without departing
from the scope of the invention. For example) the mode switching
intelligence can be part of data storage unit 404. Further, It should be
contemplated that the logic steps illustrated in Figures 6 and 7 can be
arranged in different orders and yet still yield the same results. For
instance, step 606 and step 602 in Fi?ure 6 or step 706 and step 708 in
Figure 7 may interchange with some minor modifications without affecting
the outcome. 8   1 2 MAR 2003 WU 00I17744 PCT/US99/21864 After having
described the interactions among various components in decoupling queue
30G, Figure 4 in conjunction with Figure 9 illustrate the operations of
timing generation unit 402. According to control Signal 410 from control
logic unit 400) timinb generation unit 402 generates a corresponding signal
to data storage unit 404 to initiate data storage unit 40=1's write and
read operations. SpeciCrcally, when control signal 4I0 indicates WR mode,
processor clock 4l6's rising edge triggci~ a write signal 418. Conversely,
if control signal 410 indicates RW mode) processor clock 416's rising ed~~e
triggers a read signal 1 4?0. Within duration 900 of a single processor
clock cycle) when control signal 410 indicates a WR mode, a non-overlapping
write signal 4 I8 becomes active for a duration of 902 as shown in Figure
9. During this time) the write operation, triggered by write signal 418,
completes writing incoming data 4 l2 into data storage unit 404. After the
completion of its write operation, data storage unit 404 issues a complete
signal 422 to timing generation unit 402. At this point, ~ritc signal 418's
clock edge falls and triggers a subsequent non-overlapping read signal 420.
After some delay of 912 in duration, read si~~nal 420 is transmitted to
data storage unit 404 to trigger its corresponding read operation. Similar
to write signal 418) read signal 420 remains active until the read
operation is completed. Additionally, it also remains active for a duration
of 906 in duration to satisfy any minimum setup time requirement of a
subsequent logic stage. As a result, the subsequent logic stage can
immediately make use of the remaining time) duration 908) to execute any
needed operations. Similar principles apply when control signal 410
indicates a RW mode) instead of having a non-overlapping write signal 4l8
remain active for a duration of 902) a non-overlapping read signal 420
stays active during that time. Nonovcrlapping write signal 418 is triggered
by read signal 420's falling clock edge, and it remains active for a
duration of 904. 9   



W'O 00/177d-i 1 2 MAR 2003 PCT/US99/21864 As has been demonstrated) the
present invention supports both a read oper,tion and a write operation
within one processor clock cycle. Moreover, ~~iice the operations arc
non-overlapping) the read operation can read from one entry in data storabe
unit 40~, and the write operation can wr itc into the same entry. Using
Figure 8a as an illustration, the read operation can read data from curry 1
first, and the write operation then write into entry 1 in tire same
processor cl~>ck cycle. Thus, a method and apparatus for expediting the
proccssin; of a plurality of instructions in a processor hay been
disclosed. Although the present invention has been descrrbed particularly
with reference to the figures, it wilt bc: apparent to one of the ordinary
skill in the art that the present invention rnay appear in any number of
systems with processors which provide pipelining functionality. It is
further contemplated that many changes and modifications may be made by one
of ordinary skill in the art without departing from the spirit and scope of
the present invention. 10   1 2 MAR 2003 What is claimed is: 1. A method
for expediting the processing of a plurality of instructions in a
processor, the method comprising: a. providing a plurality of pipeline
units to process said plurality of instructions, wherein each of said
plurality of pipeline units has a plurality of pipe stages; and b.
providing a decoupling queue to decouple at least one of said pipe stages
from another, wherein said decoupling queue generates non-overlapping read
and v~n~ite signals to support con~esponding read and write operations
within a single clock cycle of said processor. 2. The method according to
claim 1, wherein said decouplig queue in (b) further comprises: a control
logic unit; a timing generation unit; and a data storage unit. 3. The
method according to claim 2, wherein said timing generation unit generates
said nonoverlapping write signal for triggering said write operation within
said single clock cycle; generates said non-overlapping read signal for
tz~iggering said read operation within said same single clock cycle; and
ensures said write and read signals remain active for a minimum duration to
complete said corresponding write and read operations and satisfy a
subsequent logic stage's setup time requirement. 4. The method according to
claim l, wherein a sequence of performing said write and read operations is
interchangeable. The method according to claim 1, wherein said write and
read operations can be 



performed on a same entry of said data storage unit. 6. The method
according to claim 4, wherein said control logic unit detern~ines said
sequence of said write and read operations; and instructs said timing
generation unit to generate said write and read signals according to said
sequence. -11   1 2 MAR 2003 7. The method according to claim 3, wherein
said timing generation unit generates a first signal, either said write
signal or said read signal and a second signal, either said write signal or
said read signal wherein said first signal is triggered by a rising edge of
a clock signal of said processor; and said second signal is triggered by a
falling edge of said first signal. 8. The method according to claim 2,
wherein said single clock cycle of said processor is small; and said data
storage unit has a small number of data entries, but each of said data
entries can store large data values. 9. The method according to claim 2,
wherein said data storage unit is a registry file. 10. A processor
comprising: a plurality of pipeline units for processing a plurality of
instructions, wherein each of said plurality of pipeline units has a
plurality of pipe stages; and a decoupling queue for decoupling at least
one of said pipe stages from another, wherein said decoupling queue
generates non-overlapping read and write signals to support corresponding
read and vv~-ite operations within a single clock cycle of said processor.
11. The processor according to claim 10, wherein said decoupling queue
further comprises: a control logic unit; a timing generation unit; and a
data storage unit. 12. The processor according to claim 11, wherein said
timing generation unit generates said non-overlapping write signal for
triggering said write operation within said single clock cycle; generates
said non-overlapping read signal for triggering said read operation within
said same single clock cycle; and ensures said write and read signals
remain active for a minimum duration to complete said corresponding write
and read operations aid satisfy a subsequent logic stage's setup time
requirement. -12 



12 MAR 2003 13. The processor according to claim 10, wherein a sequence of
performing said write and read operations is interchangeable. 14. The
processor according to claim 10, wherein said write and read operations can
be perforn~ed on a same entry of said data storage unit. 15. The processor
according to claim 13, wherein said control logic unit determines said
sequence of said write and read operations; and instructs said timing
generation unit to generate said write and read signals according to said
sequence. 16. The processor according to claim 12, wherein said timing
generation unit generates a first signal, either said write signal or said
read signal and a second signal, either said write signal or said read
signal wherein said first signal is triggered by a rising edge of a clock
signal of said processor; and said second signal is triggered by a falling
edge of said first signal. 17. The processor according to claim 11, wherein
said single clock cycle of said processor is small; and said data storage
unit has a small number of data entries, but each of said data entries can
store large data values. 18. The processor according to claim 11, wherein
said data storage unit is a register file. 19. A computer system
comprising: a processor including, a plurality of pipeline units for
processing a plurality of instructions, wherein each of said plurality of
pipeline units has a plurality of pipe stages; and a decoupling queue fox
decoupling at least one of said pipe stages from another, wherein said
decoupling queue generates non-overlapping read and write signals to
support corresponding read and write operations within a single clock cycle
of said processor; and -13   1 2 MAR 2003 a bus element, coupled to a
storage device and said processor, wherein said storage device contains an
operating system. 



20. The computer system according to claim 19, wherein said processor
includes said decoupling queue which further comprises: a control logic
unit; a timing generation unit; and a data storage unit. 21. The computer
system according to claim 20, wherein said decoupling queue includes said
timing generation unit wluch generates said non-overlapping write signal
for t~~iggering said write operation within said single clock cycle;
generates said non-overlapping read signal for triggering said read
operation witlun said same single clock cycle; and ensures said write and
read signals remain active for a minimum duration to complete said
corresponding write and read operations and satisfy a subsequent logic
stage's setup time requirement. 22. The computer system according to claim
21, wherein said decoupling queue can perform a sequence of said write and
read operations interchangeably. 23. The computer system according to claim
19, wherein said write and read operations can perform on a same entry of
said data storage unit. 24. The computer system according to claim 22,
wherein said decoupling queue includes said control logic unit which
determines said sequence of said write and read operations; and instructs
said timing generation unit to generate said write and read signals
according to said sequence. 25. The computer system according to claim 24,
wherein said decoupling queue includes said timing generation unit which
-14   1 2 MAR 2003 generates a first signal, either said write signal or
said read signal and a second signal, either said write signal or said read
signal wherein said first signal is triggered by a rising edge of a clock
signal of said processor; and said second signal is triggered by a falling
edge of said first signal. 26. The computer system according to claim 20,
wherein said single clock cycle of said processor is small; and said self
timed queue includes said data storage unit which has a small number of
data entries, but each of said data entries can store large data values.
27. The computer system according to claim 20, wherein said self timed
queue includes said data storage unit which is a register file. -15 



.A@y.Af.Al.AS.Ae.A.AS!.Ayn.Af.Ay.A3{3.AU.AFL.A A3.Al.(+,\s SM-<F6
2Gzupkfa[V]ca]c^a]ca]ca]ca]ca]ca]ca]c^a]ca]caU]ca]caU]ca]caU]ca]caU]ca]ca]c
Ta]ca]ca]ca]ca]c^a]ca]ca]c^a]caU]c<a]ca]ca G
n4y&b(0)$|{vqlgb]X]]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^aU]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!1 s  !#$f$$$$$Q&&(( )T)++
,o,,zupkfa\W]]ca]ca]ca]ca]ca]ca]caV]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a
]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca!,,J------//1$2u2233`6g6l6z666_99;
+<g>l>y>>>>AA|wrmhc^Y]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!AYACDD'ENEEFFFFF'GHIfIKK"K
6KKKLQLLM_MMMMNNO}xsnid_Z]]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!O3OOOlPPPuQQQQQQNRRR&S
nSS/THTTTUZUV^VVW]WWX5XX|wrmhc^Y]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!XXXXY
YYYZmZZZ[f[[[>\\\L]e]]]^R_[____`-````|wrmhc^Y]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca!``
laaa7bTbbccc9dddHeWeeeeegMggg
hWhhh|w|wrmhc^Y]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca(+,\saB 10%&'()-3
910%&'()-M10%&'()-$10%&'()-f310%&'()-!!%10%&'()-
SMaB*10%&'()-!@'F"10%xx&'()-yM10%&'()-s 10%&'()-310%&'()-&f10%&'()- R
~\:!fS%10%nn&'()-m!fS%10%nn&'()-m!ZfS%10%@@&'()-m(m10%&'()- 10 10
10,#L910%&'()- F6 xY:~\:!z10%&'()-,9z10%&'()- 0fS%10%xx&'()-m!fS%10%n;n;
&'()-m!fS%10%::&'()-m!fS%10%jj&'()-m6
2aB~\:@.10%&'()-@+10%&'()-!f($10%xx&'()-@f&10%&'()-@$10%&'()-@#10%&'()-GdYN
C 10 10 10:t10%&'()-810%&'()-@y510%&'()-@310%&'()-2M10%&'()-
naBYNC,10%&'()-10%&'()-l M10%&'()-
M10%&'()-",10%&'()-!^10%&'()-4y&b}^<YNC!l'z#10%OO&'()-,$10%&'()-#10%&'()-!,
10%&'()-Z10%&'()-!y"10%LL&'()-f(zXJ<C 10   10  



!i 710%  &'()-!
710%&'()-,)h10%&'()-!,210%&'()-!,-10%&'()-0uV7Cf10%&'()-",10%&'()-,10%&'()-
3`10%&'()-s310%&'()-l(m10%&'()- 10
0)$^?7C@f10%&'()-!S$10%&'()-!S$10%&'()-@y10%&'()-@`
10%&'()-@10%&'()-$|1aB7C,3+10%&'()-!S'M$10%CC&'()-,10%&'()-f10%&'()-@Y10%&'
()-@10%&'()-xmbCF(m10%<&'()- 10 10
10SY:s10%&'()-,90`10%&'()-`.z10%&'()-,,10%&'()- sd  !aBmbC `$
10%<&'()-!10%<&'()-3 10%e&'()-3 10%<&'()-!!10%&'()- !10%<&'()-
!#$f$$$$$$xmbC0 (10%O&'()- 10< 10< 10<f810%<&'()-6 10%<&'()-
5z10%<&'()-&10%<&'()-@$$$~%&Q&&dEmbC s10%O&'()- 10%0&'()- 10%O&'()-
10%&'()-",10%O&'()-,10%O&'()-& )T)++ ,o,dEmbC110%O&'()-L010%O&'()-
.10%O&'()-#`10%O&'()-  `!10%O&'()-10%O&'()-o,,,J------dYNC 10O 10O
10OSl:s10%O&'()-810%O&'()-610%O&'()- S510%O&'()-310%O&'()-----//1dEYNC 



10%&'()-
10%&'()-10%&'()-M"10%&'()-310%&'()-(m10%&'()-1$2u2233[6aBYNC*10%&'()-!4S'"1
0%55&'()-&:10%&'()-`$g10%&'()-"10%&'()-
!10%&'()-[6]6^6_6`6l6z666uV7,`10%&'()-"10%&'()-Y10%&'()-0(m10%&'()- 10   10
10  !L*10%  &'()-67_99;+<g>aBuV7,S*10%&'()-!y'#10%jj&'()-S 10%&'()-
,y10%&'()-Sy10%(&'()-@Sy10%&'()-@g>i>j>k>l>y>>>>bC,10%&'()-"10%&'()-F10%&'(
)-(m10%&'()-Y 10 10 10
:t10%&'()->?AAYACDdBbC,!'$10%&'()-fy10%&'()-s,10%&'()-f10%&'()-Sy10%p&'()-
Sy10%&'()- DD'ENEEFFFFdE:/ 10
10:s10%&'()-1M10%&'()-S/10%&'()-yF.z10%&'()-y,s10%&'()-y*-10%&'()-FFFF'GsGH
HuV7/ 10,y10%E&'()-M,y10%&'()-M,y10%&'()-M 10%&'()-!0"3 10%&'()-310%&'()-
10HIfIKKKKK"Kuj_@ 10'3m10%&'()- 10 10 10f:10%&'()-@10%&'()-9!$10%55&'()-  



s10%&'()-"K6KKKLQLLdEj_@ 10  10%&'()-3 10%&'()-
10%&'()-310%&'()-F!10%&'()-310%&'()-LM_MMMMNdEj_@ 10 10%&'()-  10%&'()-
10%&'()-3!10%&'()-310%&'()-310%&'()-NNO3OOOlPdEj_@ 103(!10%&'()-f39$
10%&'()-S  "10%&'()-3`!10%&'()- 10%&'()-3 "10%&'()-flPPPuQQQQQQdE:/ 10
107l10%&'()-F610%&'()-  410%&'()-F1 10%&'()-S3.10%&'()-
-10%&'()-QQQNRRR&SnSxY:/ 10-10%O&'()-@10%O&'()-z10%O&'()-,:!10%O&'()-
10%O&'()-'l10%O&'()- 10nSS/THTTTUdE:/ 10 10%O&'()-
S10%O&'()-,10%O&'()-@10%O&'()-10%O&'()- 10%O&'()-SUZUV^VVW]W}^?:/ 10
+L!10%O&'()-L'  10%O&'()-T!:
`$&!10%OO&'()-Ss!10%O&'()-!!10%OO&'()-S10%O&'()-]WWX5XXXXdE:/ 10410%O&'()-3
10%O&'()-110%O&'()-&0 10%O&'()-.10%O&'()-9- 10%O&'()-XXXXX YYYZbC
10F10%&'()-Yf10%&'()-F!10%&'()-f(m10%&'()- 10O 10O
10OY710%O&'()-ZmZZZ[f[[dEbC 10FM!10%&'()-YS!10%&'()-Ff10%&'()-3 



s10%&'()-Ff10%&'()-Y- 10%&'()-[[>\\\L]e]dEbC 10Y$10%&'()-3 #10%&'()-Y
!10%&'()-S3 @10%&'()-3 10%&'()-FSz10%&'()-e]]]]^^R_dEbC 10Y1!10%&'()-3
+10%&'()-S3 +10%*&'()-S3 +10%&'()-Sl`* 10%&'()-ls'10%&'()-R_[_______`bC 103
10%(&'()-'3m10%(&'()- 10 10 107m10%&'()-3 410%&'()-Y9310%&'()-`-`````ladEbC
103 "10%(&'()-g  ,10%(&'()-   10%(&'()-
,10%(&'()-F,F10%(&'()-gF10%(&'()-laaa7bTbbcdEbC 103s 10%(&'()- 10%(&'()-3
10%(&'()-  10%(&'()-310%(&'()-   10%(&'()-ccc9dddHedEbC 10 010%(&'()-
.410%(&'()- +3"10%(&'()-f
9'!10%(&'()-S3"!10%(&'()-g3m10%(&'()-HeWeeeeeeeufuV7 10F
10%&'()-f'm10%&'()- 



10N N  10N N  10N N !n 43"10%N N &'()- 43"10%(&'()- 110%(&'()-ufgMggg
hWhdEuV7 10F lsM10%&'()-l10%&'()-F 10%&'()-F 10%&'()-lM10%&'()-F
10%&'()-fWhhhdEuV7 10F lsM10%&'()-l10%&'()-F 10%&'()-F 10%&'()-Y710%&'()-F
@10%&'()- Normal" "Heading 13]c" "Heading 23]c" "Heading 33]c" "Heading
43]c" "Heading 53]c" "Heading 63]c" "Heading 73]c" "Heading 83]c" "Heading
93]c"A "Default Paragraph Font !*_3k;CHNU\bejlnprtvxz|~G,AOX`hDEFGHIJK 6
0$!$&o,-1[66g>>DFH"KLNlPQnSU]WXZ[e]R_`lacHeufWhhLMNOPQRSTUVWXYZ[\]^_`abcdef
ghijklmnopqrstuvwxy6Times New RomanArialCourier New"h Root
EntryWordDocumentb   !"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{| 


