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CONFIGURABLE CACHE/SRAM MEMORY BACKGROUND This disclosure generally relates
to digital signal 5 processing and other processing applications, and
specifically to a configurable, banked cache/SRAM memory architecture in
such an application. A digital signal processor (DSP) is a special purpose
computer element that is designed to optimize performance 10 for digital
signal processing and other applications. The applications can include
digital filters, image processing and speech recognition. The digital
signal processing applications are often characterized by real-time
operation, high interrupt rates and intensive numeric computations. In 15
addition, the applications tend to be intensive in memory access
operations, which may require the input and output of large quantities of
data. Therefore, designs of digital signal processors may be quite
different from those of general-purpose computers. 20 One approach that has
been used in the architecture of digital signal processors to achieve
high-speed numeric computation is the so-called "Harvard" architecture.
This architecture utilizes separate, independent program and data memories
so that the two memories may be accessed 25 simultaneously. The digital
signal processor architecture     24 SEP 2004 permits an instruction and an
operand to be fetched from memory in a single clock cycle. A modified
Harvard architecture utilizes the program memory for storing both
instructions and operands to achieve full memory utilization. Thus, the
program and data memories are often interconnected with the core 5
processor by separate program and data buses. When both instructions and
operands (data) are stored in the program memory, conflicts may arise in
the fetching of instructions. Certain instruction types may require data
fetches from the program memory. In the pipelined architecture that may be
used in a digital signal processor, the data fetch 10 required by an
instruction of this type may conflict with a subsequent instruction fetch.
Such conflicts have been overcome in prior art digital signal processors by
providing an instruction cache. Instructions that conflict with data
fetches are stored in the instruction cache and are fetched from the
instruction cache on subsequent occurrences of the instruction during
program execution. 15 Although the modified Harvard architecture used in
conjunction with an instruction cache provides excellent performance, the
need exists for further enhancements to the performance of digital signal
processors. In particular, increased computation rates and enhanced
computation performance of the 



memory system provide advantages. 20 SUMMARY According to one aspect of the
invention, there is provided a system comprising: a core processor having n
number of ports; and a plurality of memory banks coupled to at least one
port, said plurality of memory banks being 25 connected in such a way as to
provide substantially simultaneous data accesses for said core processor,
wherein a number of said plurality of memory banks is greater than said n
number of ports in the core processor, and wherein each of a plurality of
said memory banks is user-configurable as an SRAM or a cache. According to
another aspect of the invention, there is provided a system 30 comprising:
a core processor including: n number of ports, a program sequences, first
and second data address generators coupled to said program sequences, where
said first and second data address generators provide addresses for said -2
24 SEP 2004 data accesses) and a store buffer to store result of a
computation; a plurality of memory banks coupled to said at least one port,
where said plurality of memory banks are connected in such a way as to
provide substantially simultaneous data accesses for said core processor,
and where a number of said plurality of 5.memory banks is greater than said
n number of ports in the core processor; a first memory bus coupled to said
first data address generator and said plurality of memory banks; a second
memory bus coupled to said second data address generator and said plurality
of memory banks; and a third memory bus coupled to said buffer and said
plurality of memory banks. 10 According to a third aspect of the invention,
there is provided an apparatus comprising: a digital signal processor core
having a data port; and a memory system having a plurality of blocks
coupled to said data port, where said plurality of blocks are connected in
such a way as to provide substantially simultaneous data accesses through
said data port to said digital signal 15 processor core, and where each of
a plurality of said blocks is configurable as an SRAM or a cache. According
to a fourth aspect of the invention, there is provided an apparatus
comprising: a digital signal processor core having a data port; a memory
system having a plurality of blocks coupled to said data port, where said
20 plurality of blocks are connected in such a way as to provide
substantially simultaneous data accesses through said data port to said
digital signal processor core; a plurality of memory buses to transport
data to/from said data port from/to said plurality of blocks; and a
plurality of multiplexers to selectively connect said plurality of blocks
to said plurality of memory buses. 25 According to a fifth aspect of the
invention, there is provided an apparatus comprising: a core processor
having at least one data port; and a memory system connected in such a way
as to provide substantially simultaneous data accesses through said at
least one data port, where said memory system includes a plurality of
memory banks, each memory bank adapted to be user 30 configurable as either
an SRAM or a cache. -2a   24 SEP 2004 



WO 01/74134 PCT/US01/10299 BRIEF DESCRIPTION OF THE DRAWINGS Different
aspects of the disclosure will be described in reference to the
accompanying drawings wherein: FIG.1 is a block diagram of a digital signal
processor 5 (DSP) in accordance with one embodiment of the present
invention; FIG. 2 is a block diagram of a memory system containing two
super-banks according to one embodiment of the present invention; and 10
FIG. 3 is another embodiment of the memory system showing mini-banks.
DETAILED DESCRIPTION A processor's memory system architecture can have an
15 impact on the processor performance. For example, fast execution of
multiply-and-accumulate operations requires fetching an instruction word
and two data words from memory in a single instruction cycle. Current
digital signal processors (DSP) use a variety of techniques to achieve 20
this, including multi-ported memories, separate instruction and data
memories, and instruction caches. To support multiple simultaneous memory
accesses, digital signal processors use multiple on-chip buses and
multi-ported memories. -3   24 SEP 2004 WO 01/74134 PCT/USOl/10299 Enhanced
performance of the memory system can be accomplished using single-ported
memory array having "multiported" behavior. Parallel accesses to multiple
banks can be performed by providing configurable, fast static random 5
access memory (SRAM) on chip. Alternatively, the memory system can be
configured with caches, which provide a simple programming model. A block
diagram of a digital signal processor (DSP) 10o in accordance with one
embodiment of the present disclosure 10 is shown in FIG. 1. The DSP is
configured in a modified Harvard architecture. Principal components of the
DSP 100 include a core processor 102, an 2/0 processor 104, a memory system
106 and an external port 108. The core processor 102 



performs the main computation and data processing functions 15 of the DSP
100. The I/O processor 104 controls external communications via external
port 108, one or more serial ports and one or more link ports. The DSP 100
is configured as a single monolithic integrated circuit. In one embodiment,
the memory system 20 106 implementation supports the SRAM-based model with
two super-banks of 16 kilobits each for a total of 32 kilobits. These two
super-banks of memory are accessed simultaneously in each cycle to support
the core processor requirements. Alternatively, each of these super-banks
can be configured 25 as cache memory. -4   24 SEP 2004 WO 01/74134
PCT/USOl/10299 A first memory bus 120 interconnects the core processor 102,
I/O processor 104, and memory system 106. A second memory bus 122 likewise
interconnects core processor 102, I/O processor 104, and memory system 106.
In some 5 embodiments, the first memory bus 120 and the second memory bus
122 are configured as a data memory bus and a program memory bus,
respectively. An external port (EP) bus 124 interconnects,I/0 processor 104
and external port 108. The external port 108 connects the EP bus 124 to an
external bus 10 126a Each of the buses 120, 122 includes a data bus and an
address bus. Each of the buses includes multiple lines for parallel
transfer of binary information. The core processor 102 includes a data
register file 130 connected to the first memory bus 120 and the second 15
memory bus 122. The data register file 130 is connected in parallel to a
multiplier l32 and an arithmetic logic unit (ALU) 134. The multiplier 132
and the ALU 134 perform single cycle instructions. The parallel
configuration maximizes computational throughput. Single, multi-function 20
instructions execute parallel ALU and multiplier operations. The core
processor l2~further includes a first data address generator (DAGD) 136, a
second data address generator (DAG1) 138 and a program sequencer 140. A bus
connect multiplexer 142 receives inputs from the first 25 memory bus 120
and the second memory bus Z22. The -5  



24 SEP 2004 WO 01/74134 PCT/USOl/10299 multiplexes 142 supplies bus data to
data address generators l36, 138 and to the program sequences 140. The
first data address generator 136 supplies addresses to the first memory bus
l20. The second data address generator 7.38 supplies 5 addresses to the
second memory bus 122. The core processor 102 further includes an
instruction cache 144 connected to the program sequences 140. The
instruction cache 102 fetches an instruction and two data values. The
instruction cache 102 is selective in that only 10 the instructions whose
instruction fetches conflict with data accesses are cached. For some
embodiments, the DSP 100 utilizes an enhanced Harvard architecture in which
the first memory bus 32 transfers data, and the second memory bus 34
transfers both 15 instructions and data. With separate program and data
memory buses and the on-chip instruction cache 144, the core processor 102
can simultaneously fetch two operands (from memory banks 17.0, l7.2) and an
instruction (from cache 144), all in a single cycle. 20 The memory system
'106, illustrated in detail in FTG. 2, preferably contains two super-banks
of 1.6 kilobits each for a total of 32 kilobits. The super-banks A 200 and
B 202 are accessed simultaneously in each cycle to support the core
processor 102 requirements. -6   24 SEP 2004 WO 01/74134 PCT/USOl/10299
Each of these super-banks 200, 202 can be configured as a SRAM and/or
cache. By supporting both an SRAM and cache implementations together, the
memory architecture provides flexibility for system designers. Configuring
the memory as 5 all cache allows for an easy programming model of the data
cache for the rest of the code (e. g. operating system, micro-controller
code, etc.). Configuring the super-banks as a11 SRAM provides
predictability and performance for key digital signal processing
applications. The hybrid version, 10 e.g. half SRAM and half cache, allows
mapping of critical data sets into the SRAM for predictability and
performance, and mapping of the rest of the code into the cache to take
advantage of the easy programming model with caches. Further, by providing
SRAM behavior at the L1 memory, is significant performance advantage can be
achieved with low access latencies. In addition to the two super-banks, a 4
kilobit scratchpad SRAM 204 is provided as a user stack to speed up data
switches. In one embodiment, each of the data super-banks 200, 20 202 is l6
kilobits in size and is further divided into four 



4-kilobit mini-banks 300, 302, 304, 306. FIG. 3 shows a more detailed block
diagram of the memory system 106. In the illustrated embodiment, each
mini-bank 300, 302, 3.04, 306 is a two-way set associative cache and is
configured as 25 a single-ported memory array. By providing parallel    2 4
S E P 2004 WO 01I74134 PCT/USOl/10299 accesses to eight different
mini-banks 300, 302, 304, 306 in the two super-banks A and B, a
"multi-ported" memory behavior can be achieved. Multiplexers 30S, 3l0, 3Z2,
314 selectively provide accesses of the mini-banks 300, 302, 5 304, 306,
respectively. The selective accesses are provided to the core processor 316
and the system interface 318, such .as an I/0 processor. However, since the
configuration is not a true multi-port system, simultaneous accesses to a
same mini-bank are not allowed. Thus, if two accesses are 10 addressed to
the same mini-bank, a conflict results. One of the accesses is delayed by
one clock cycle. For one particular embodiment, the first data address
generator 322, the second data address generator 324, and the store buffer
320 provide addresses for two operands and 15 a result, respectively. The
core processor 316 controls the configuration of the super-banks A and B of
the memory system 106. The configuration can be defined as described below
in Table 1. 20 -8   24 SEP 2004 WO 01/74134 PCT/USO1/10299 Memory
ConfigurationSuper-bank
ASuper-bank0SRAMSRAM1ReservedReserved2CacheSRAM3CacheCache  Table 1 The
memory configurations 0 and 3 divide each super bank into four mini-banks
of a11 SRAM and a11 cache design, 5 respectively. Each configuration
provides either flexibility or ease of programming for the rest of the
code. The memory configuration 2 supports hybrid design that allows mapping
of critical data sets into the SRAM for predictability and performance, and
mapping of the rest of 10 the code into the cache to take advantage of the
easy programming model with caches. When the SRAM mode is 



enabled, the logical address and physical address are the same. The memory
configuration 1 is reserved for a future configuration. 15 A multi-ported
memory array can provide bandwidth for two core processor 316 accesses and
a direct memory access -9_   2'4 SEP 2004 WO 01I74134 PCT/USO1/10299 (DMA)
through such interface as the system interface 328. However, the area
penalty can be large because mufti-porting of a memory array can more than
double the physical area of the array. Furthermore, the cost of building a
mufti-ported 5 array often increases exponentially with the number of
ports. The memory architecture with multiple memory banks, as described
above, can support parallel accesses with minimal hardware overhead. The
arrays are single-ported, yet they can provide mufti-port behavior as long
as the 10 accesses are to different mini-banks. The system environment can
be optimized for maximum performance with minimal hardware. If DMA accesses
are allowed into the cache, complex cache coherency issues are introduced
that may result in control complexity and 15 additional hardware. Thus, DMA
accesses can be restricted only into the SRAM space. DMA accesses to the
4-kilobit scratchpad SRAM can also be restricted for simplicity. Besides
area advantage, mufti-banking memory provides high access bandwidth, which
is advantageous for digital 20 signal processor performance. When in cache
mode, a super bank can support two core processor accesses in parallel with
a fill or copyback transfer. When in SRAM mode, a super-bank can support
dual core processor accesses in parallel with a DMA transfer. Further,
power consumption 25 can be reduced to a minimum by powering only the
mini-banks -10   



24 SEP 2004 WO 01/74134 PCT/USOl/10299 that are needed by the accesses in a
given cycle. At most, 3 out. of S mini-banks are used per cycle. Above
described embodiments are for illustrative 'purposes only. Other
embodiments and variations are s possible. For example, even though the
memory system has been described and illustrated in terms of a "dual-port
behavior" configuration, the memory system can support a "multi-port"
behavior having more than. two super-banks. A11 these embodiments axe
intended to be encompassed by 10 the following claims . -11   24 SEP 2004
What is claimed is: 1. A system comprising: a core processor having n
number of ports; and 5 a plurality of memory banks coupled to at least one
port, said plurality of memory banks being connected in such a way as to
provide substantially simultaneous data accesses for said core processor,
wherein a number of said plurality of memory banks is greater than said n
number of ports in the core processor, and 10 wherein each of a plurality
of said memory banks is user-configurable as an SRAM or a cache. 2. The
system of claim 1, wherein said n number of ports is equal to 1. 15 3. The
system of claim 1, wherein said core processor is a digital signal
processor core. 4. The system of claim 1, wherein said core processor
further 2o includes: a program sequencer; and first and second data address
generators coupled to said program sequencer, where said first and second
data address generators provide addresses for said data accesses. 25 55.
The system of claim 4, further comprising: a first memory bus coupled to
said first data address generator and said plurality of memory banks; and a
second memory bus coupled to said second data address generator 30 and said
plurality of memory banks. 



-12   24 SEP 2004 6. The system of claim 5, wherein said first memory bus
is configured as a data memory bus, and said second memory bus is
configured as a program memory bus. 5 7. The system of claim 6, wherein
said core processor further includes: a cache to hold instructions whose
instruction fetches conflict with data accesses from said second memory
bus. 10 8. The system of claim 5, wherein said plurality of memory banks
are connected in parallel to said first memory bus and said second memory
bus. 9. The system of claim 5, wherein said core processor further
includes: is a store buffer to store result of a computation. 10. The
system of claim 1, wherein said core processor further includes: a cache to
hold instructions whose instruction fetches conflict with data 20 accesses.
11. A system comprising: a core processor including: n number of ports, 25
a program sequencer, first and second data address generators coupled to
said program sequencer, where said first and second data address generators
provide addresses for said data accesses, and a store buffer to store
result of a computation; 30 a plurality of memory banks coupled to said at
least one port, where said plurality of memory banks are connected in such
a way as to provide substantially simultaneous data accesses for said core
processor, and where a -13   24 SEP 2004 



number of said plurality of memory banks is greater than said n number of
ports in the core processor; a first memory bus coupled to said first data
address generator and said plurality of memory banks; 5 a second memory bus
coupled to said second data address generator and said plurality of memory
banks; and a third memory bus coupled to said buffer and said plurality of
memory banks. 10 12. The system of claim 11, further comprising: a
plurality of multiplexers to selectively connect said plurality of memory
banks to said first, second, or third memory buses. 13. An apparatus
comprising: 15 a digital signal processor core having a data port; and a
memory system having a plurality of blocks coupled to said data port, where
said plurality of blocks are connected in such a way as to provide
substantially simultaneous data accesses through said data port to said
digital signal processor core, and where each of a plurality of said blocks
is 20 configurable as an SRAM or a cache. 14. The apparatus of claim 13,
further comprising: a plurality of memory buses to transport data to/from
said data port from/to said plurality of blocks. 25 15. An apparatus
comprising: a digital signal processor core having a data port; a memory
system having a plurality of blocks coupled to said data port, where said
plurality of blocks are connected in such a way as to provide 30
substantially simultaneous data accesses through said data port to said
digital signal processor core; -14   24 SEP 2004 a plurality of memory
buses to transport data to/from said data port from/to said plurality of
blocks; and 



a plurality of multiplexers to selectively connect said plurality of blocks
to said plurality of memory buses. 5 16. An apparatus comprising: a core
processor having at least one data port; and a memory system connected in
such a way as to provide substantially simultaneous data accesses through
said at least one data port, where said 10 memory system includes a
plurality of memory banks, each memory bank adapted to be user configurable
as either an SRAM or a cache. 17. The apparatus of claim 16, wherein said
memory system is userconfigured to provide an all static random access
memory (SRAM) design. 15 18. The apparatus of claim 16, wherein said memory
system is userconfigured to provide an all cache design. 19. The apparatus
of claim 16, wherein said memory system is user20 configured to provide a
mixture of SRAM and cache design. -15
.Al%.AyYe.Af?.All.A.A!3.A.AYY.A.AF.Aa.AF(.Af.A,U.Af.ASS)Xc)YZ_!,-|wrmhc^XU]
ca]ca]c:a]cTa]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
aU]ca U]c^aU]ca]caU]caU]ca]ca -`Cp
,|nU>$zl>e|wrmhc^YU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!e;
JL9E{upkfa\W]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]
ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca!m/ i   !!Y!!!!"""
#H#\#c#o####K$R$f$g$%%&0&|vqlgb]X]]ca]ca]ca]ca]ca]caU]ca]ca]ca]caU]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!0&e&&&&"'#''''
'''1(e(}(~(((((((()))()7)$*N****}wrmhc^Y]]]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!*1+3+m+
+++0,2,i,,,5-6-7-q-@.G.N.R.n.W/X///0j0k0p0q0~00212{vqlgb]X]]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]caU]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca!2Q2i23343333334444*45769666N7i7888&8A88888*9+9]9{vqlgb]X]]ca]ca]
ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca!]999C:|:::%;4;6;m;
;;;;;;<:=q====>?>v>>>>#?[???@|wrmhc^Y]]]ca]ca]ca]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!@@@?@A^AfA
rAABBBBCCCCvCxCCCCCDE=EEEEEE+FBFF|wrmhc^Y]]]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]caU]ca]ca]ca]ca]ca]ca]ca]ca!FFFFPG
SGTGSH[H\HfHgHHIEIOIIIJRJJJJ
KKaKnKKKKKLVLM{vqlgb]X]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]caU]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca!MMMMNPNkNNNO%OXOOOOxPXQQQ
QRR9RmRRQShSpS|SSVTXTT8U}xsnid_Z]]]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]ca]ca!8UUHVKVV7W<WO%OX
OOOOxPXQQQQRR9RmRRQShSpS|SSVTXTT8U}xsnid_Z]]]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]ca]ca]ca]ca]ca)Xc~_@f
10%&'()- 3 F 10%&'()-,10%&'()-S-10%&'()- !f"l10%&'()-@ ylf4 10%
&'()-)_dEYfZ"10%&'()-#10%&'()-Yz 10%&'()-3 910%&'()-YS10%&'()-Y10%&'()-dB!
7S10%&'()-4#10%&'()-l&-"10%&'()-3+:$10%&'()-Y#Z"10%&'()-s!#10%&'()- !-\~_=!
10%[[&'()- s"10%&'()-!s"10%SS&'()-%Y10%&'()- 10 10 10";10%&'()-
`C}^?~_=!,"10%&'()- 



10%&'()- 10%&'()-L10%&'()- !(y3#10%mm&'()-m!#y3#10%&'()-mp
,|aB~_=!+!10%&'()-
!(G10%&'()-3&10%&'()-y%10%&'()-#s10%&'()-10%&'()-F|nU}^SH= 10 10 109;
10%&'()- 7!10%&'()-y5:$10%&'()- !:@2!10%[[&'()-!;y`-$10%&'()-F>$aBSH=
1010%&'()- 10%&'()-L!10%&'()- !(y&"10%==&'()-s!10%&'()-%10%&'()-$zldESH=
10fY% 10%&'()-#!10%&'()-"10%&'()- Y f M10%&'()- 10%&'()-y,#10%&'()->edYNC
10 10 10 10;10%&'()-fy5z10%&'()-/ 10%&'()-f`-#10%&'()-& 10%&'()-M;
z[<YNCF!10%&'()-   l10%&'()- !~lS (10%zz&'()-Y!PlS (10%&'()-Y! lS
(10%DD&'()-Y$l10%&'()-;JdEYNCy#!10%&'()- !10%&'()- 10%&'()-F9
10%&'()-l`!10%&'()- Fy10%&'()-9dE:/ 10 10s910%&'()- l410%&'()- 2 10%&'()-
.10%&'()-,s$10%&'()- l%!10%&'()-ExY:/ 10 G10%:&'()-- 10%:&'()-l
@10%:&'()-!3z10%:&'()-YlZ10%:&'()-$10%:&'()- 



10m/ i  }^?:/ 10@ 10%:&'()- @ 10%:&'()-`S 10%:&'()-!- 10%::&'()-
10%:&'()-!.` "10%&'()-  !Y!!!!dE:/ 10 &10%:&'()-3%10%:&'()-,#10%:&'()- `!S
10%:&'()-10%:&'()-3@ 10%:&'()- !""" #H#\#aB:/ 103 10%:&'()-,1G10%:&'()-
@/s10%:&'()- ,-10%:&'()- !Is*!10%&'()-,(10%:&'()- \#`#a#b#c#o##f$%~\:
10!4a&10%a)a)&'()-!>a&10%kk&'()-!a&10%&'()-Y%310%-u&'()- 10: 10:
10:`9Z10%:&'()-%%&0&e&&&dE~\: 10!4y 9$10%-u&'()-
10%-u&'()-10%-u&'()-10%-u&'()-!10%-u&'()-,&$10%-u&'()-&''1(e(()dB~\:
10!4!1!10%-u-u&'()-/-
10%-u&'()---10%-u&'()-,,@10%-u&'()-)$10%-u&'()-Y"!10%-&'()-) )))))()7)$*bC
10!4!z 10%`&'()-`!3z10%`&'()-Y3Z10%`&'()-l%10%`&'()- 10-u 10-u
10-us910%-u&'()-$*N****1+m+dEbC 10!4!f 10%`&'()-g
10%`&'()-10%`&'()-310%`&'()- f,10%`&'()-910%`&'()-m++++0,i,5-dEbC 10!4!#g
10%`&'()-`"Y10%`&'()-@ 10%`&'()-s10%`&'()- ,10%`&'()-fm
10%`&'()-5-q-@.D.E.F.G.n.W/_= 10!!Ss&$10%&'()-! Y)10%GG&'()- 10` 10`
10`f9m10%`&'()-&-g 10%`&'()-`l+l"10%`&'()-W/0~02112Q2wU6_=
10s$`!10%&'()-3!yM$10%  &'()-!yM$10% : :&'()-!a$10%&'()-!f$10% 



&'()-! Ss&$10%&'()-Q2i22333334}^SH= 10 10 10 10f910%&'()-($10%&'()-s!y($10%
&'()-s!y($10%WW&'()-s S&10%&'()-444*45766a?SH= 10
!@L"10%&'()-!#KL"10%&'()-S
10%`&'()-s!F10%`&'()-Ylm10%`&'()-%10%`&'()-66N7i78888aB7= 10
10`y99m10%`&'()-,,10%`&'()-!#10%``&'()-!y10%`&'()-10%`&'()-
F10%`&'()-888A8H8V8a8d8a?= 10
10`!+E#10%88&'()-!+E#10%88&'()-!+E#10%88&'()-!+E#10%88&'()-!~F@)10%88&'()-
10` 10`d8o8p8r8w8|8}8_A?= 10
10`!'\C#-!+E#10%88&'()--!+E#10%88&'()--+E#10%88&'()-'\C#!+E#10%88&'()-}8888
888cA?= 10
10`!!+E#10%88&'()-+E#10%88&'()-'\C#(!+E#10%88&'()-!+E#10%88&'()-+E#10%88&'(
)-8888888_B?= 10
10`!!+E#10%88&'()-!+E#10%88&'()-!+E#10%88&'()-+E#10%88&'()-'\C#!+E#10%88&'(
)-88888]99cB?= 10 10`!! F3 F"10%(&'()- FS#10%(&'()- F10%(&'()-
Fl10%(&'()-+E#10%88&'()-'\C#99C:|:::%;|[:?= 10 1 F3-s!10%(&'()-& F +
10%(&'()-& F *10%(&'()-& F( 10%(&'()- & F s$s!10%&&'()-) F "10%(&'()-%;4;m;
;;;;;;|obU4 10 F&10%$&'()- 10(10(10(& Fs910%(&'()-& F33!10%(&'()-&
b1'10%(&'()-) F3/10%(&'()-;;;<:=q==|[:bU4 10 F F10%$&'()- F10%$&'()-&
F&`!10%d!d&'()-& Ff 10%$&'()-`& Fs! 10%$&'()-) FY3Z10%$&'()-==>?>v>>>|[:bU4
10 F F10%$&'()-  F310%$&'()-& F 10%$&'()-& F S10%$&'()-& F910%$&'()-)
FY10%$&'()- 



>#?[???@?@|[:bU4 10 F F*!10%$&'()- F)&10%$&'()- & F L'10%$&'()-&
F3%10%$&'()-& FS#&10%$&'()- ) F!s!10%$&'()- ?@A^AcAdAeAfAAAvU4 10
`$10%*(&'()-s bF*10%(&'()-10$10$10$& F@910%$&'()-& F3!10%$&'()-)
F,10%#&'()-sAYB>CCCCCCC|obU4 10 Fl%10%$&'()-10(10(10( FS:10%(&'()-&
F#P`$10%(&'()-s& .`$10%f'f&'()-s) `$10%a$a&'()-sCCCCDDE|[:bU4 10 F
Ys!10%$&'()- FYs!10%B&'()- F"10%$&'()-& "10%||&'()-& "10%&'()-)
Fy10%$&'()-E=EEEEEE|[:bU4 10 F Fy10%$&'()- F10%$&'()- Fl 10%$&'()- &
F10%$&'()-& Fy&-#10%$&'()- ) F10%$&'()-E+FBFFFFF|[:bU4 10 F Fl (10%$&'()- F
'10%$&'()- Ff%10%$&'()-& Fl #t10%$&'()-& F :10%$&'()-) Fl 10%$&'()-
FPGSGGGSHXHYH|[:-410$F F@;10%$&'()- Fy,/#10%"$&'()-m y,/#10%$&'()-m&
Qy,/#10%&'()-m& Ff-10%$&'()-) F9*`10%$&'()-zYHZH[HgHHIEIOIbA410$F F
F10%%&'()- F  10%%&'()- Ff10%%&'()- F!10%%&'()-
F$10%%&'()-10$10$OIIIJRJJJ|[:A410$F F10%%&'()- FF 10%%&'()-  F10%%&'()-
Ff&z#10%%&'()- F10%%&'()- FY F10%%&'()-JJ KKaKnKK|[:A410$F FY (10%%&'()-
F@%`10%%&'()- FF #10%%&'()- F "10%%&'()- FY y s10%%&'()-
FS@10%%&'()-KKKKLVL|L|[:A410$F _,X2#10%33&'()-h FK 0i10%%&'()- F
/10%%&'()-  F@-,10%%&'()- F  +10%%&'()- FF &*S10%%&'()-|LLMMMMMMMvU410
F`&!10%$&'()- Fy&10%$&'()-10%10%10% F,;10%%&'()- ,X2#10%^%^&'()-h
>,X2#10%&'()-hMNPNkNNNO|[:vU410 F FY  z10%$&'()-F F10%$&'()- 



F!10%$&'()-  FS 10%$&'()- FY 10%$&'()-  F10%$&'()-O%OXOOOO0P|[:vU410 F
Fy"10%&'()-F F l 10%$&'()- FL10%$&'()- Fl 10%$&'()-  Ff10%$&'()-
F10%$&'()-0PxPXQQQQR|[:vU410 F F+10%$&'()-F F *10%$&'()-  F (10%$&'()-
FfF%10%$&'()- FS  10%$&'()-Y >y"10%$&'()-RR9RmRRRQS|[:vU410 F
Fy3"10%$&'()-F wy3"10%G"&'()- F ,210%$&'()-  F 010%$&'()-  F .m 10%$&'()-
Ff-10%$&'()-QShSmSnSoSpS|SSSvU410 F 10%&'()-3 FY `10%$&'()-
Fl%S10%$&'()-10$10$10$ F;10%$&'()- F 7:10%$&'()-SVTXTuTT8UU|[:vU410 F wf
10%$$$&'()-F F 10%$&'()-F FY M10%$&'()- FY M10%#&'()- F  M10%$&'()- F
10%$&'()-3UHVKVV7W<W|[:vU410 F wf 10%$$$&'()-F F;10%$&'()-F F(S#"10%$&'()-
F 10%$&'()- FfS10%$&'()- F 10%$&'()- Normal" "Heading 13]c" "Heading 23]c"
"Heading 33]c" "Heading 43]c" "Heading 53]c" "Heading 63]c" "Heading 73]c"
"Heading 83]c" "Heading 93]c"A "Default Paragraph Font  b
&F+058e>@ZEJoP<TXZ\^`bdfhjlnprtv-e0&*2]9@FM8U<W<=>?@ABCDEFG|$;
!\#%&)$*m+5-W/Q2468d8}8889%;
;=>?@ACEEFYHOIJK|LMO0PRQSSU<WHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstu
vwxyz{|}~6Times New RomanArialCourier New"h Root EntryWordDocument
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~ 


