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MULTI-GRANULARITY PARALLEL 
STORAGE SYSTEM AND STORAGE 

TECHNICAL FIELD 

[0001] The present application relates to storage technol 
ogy, and primarily to on-chip storage systems in embedded 
signal processing platforms, especially multi-granularity par 
allel storage systems and memories that support multi-granu 
larity parallel read/Write (R/W) in roWs and columns. 

BACKGROUND 

[0002] With advance of Integrated Circuit (IC) processes, 
more computing components and larger-capacity Static Ran 
dom Access Memory (SRAM) can be integrated on a chip. A 
high-speed embedded signal processing chip can be designed 
and provided With multiple computing components and mul 
tiple on-chip memories of large capacity and bit Width to 
enable parallel computation and storage. Signal processing 
algorithms generally organiZe input/output data in a matrix, 
and use the matrix as an object for computation. Matrix data 
are generally stored in roWs or columns in a memory. The 
R/W ports of a memory are ?xed inbit Width, and sequentially 
addressed. When a matrix is stored in roWs, the memory can 
read/Write in parallel multiple elements in a roW of the matrix 
at a time, but cannot read/Write in parallel multiple elements 
in a column of the matrix at a time. When a matrix is stored in 
columns, the memory can read/Write in parallel multiple ele 
ments in a column of the matrix at a time, but cannot read/ 
Write in parallel multiple elements in a roW of the matrix at a 
time. 

[0003] FIG. 1 is a schematic diagram of a structure of a 
conventional on-chip memory and an addressing scheme 
thereof, shoWing the locations of elements in a matrix on the 
conventional on-chip memory When the data type of the 
matrix is consistent With memory unit. As shoWn in FIG. 1, 
assuming that the memory R/W port 110 has a bit Width of 4, 
i.e., 4 elements are stored in one roW of the memory 100, and 
4 elements having consecutive addresses can be read/Written 
in parallel at one operation. The matrix A is of a siZe 4x4, and 
an element at the ith roW and jth column of the matrix is 
denoted as alj (0si<4, 0sj<4). The matrix A is stored by roWs 
at an address 0. In this case, the memory 100 can read/Write in 
parallel 4 elements in a roW of the matrix at a time. As the 
elements in a column of the matrix are distributed in multiple 
roWs 104 of the memory, only one element in a column can be 
read/Written per time. It is impossible to conduct parallel 
read/Write of elements in a column. 

[0004] In the signal processing system, parallel read/Write 
of matrix elements in a column is often required While parallel 
read/Write of matrix elements is performed in a roW. For 
example, some signal processing algorithm takes three matri 
ces (A,B,D) as input, and expects to obtain tWo matrix mul 
tiplication results C:A><B, E:B><D. MeanWhile, there are 4 
computation units capable of parallel computation in the sig 
nal processing system. When C:A><B is calculated, it is nec 
essary to read/Write in parallel 4 elements in a column of the 
matrix B; When EIBXD is calculated, it is necessary to read/ 
Write in parallel 4 elements in a roW of the matrix is B. 
According, in addition to parallel read/Write of the matrix B 
by roW, parallel read/Write of the matrix B by column is also 
required throughout the processing of the algorithm. Unfor 
tunately, the conventionally-structured memory is only 
capable of parallel read/Write either by roW or by column. 
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When the memory fails to provide concurrently the required 
4 operands in each clock cycle, only one of the 4 operational 
units can be in an active state, and this inevitably degrades the 
operational ef?ciency of the overall system. 
[0005] There are various data types for matrices. Common 
data types include byte of 8 bits, short Word of l 6 bits, integer 
and single-precision ?oating-point of 32 bits, and double 
precision ?oating-point of 64 bits. The memory units have 
one ?xed data type, and each address corresponds to an 8bit 
data or a 32bit data. In order to express all the data types With 
the most basic memory unit in the memory, a common 
approach is to concatenate multiple consecutive loW-bit 
Width data types into a high-bit-Width data type. As shoWn in 
FIG. 2, assuming that the memory unit is a byte of 8 bits, the 
matrix has a siZe of 4x2, and a data type of 16 bit short Word. 
The matrix elements are arranged in roWs, and one matrix 
element is formed by concatenating tWo consecutive bytes of 
8 bits. In FIG. 1, the data type of the matrix is matched With 
the memory unit. The addresses of the column elements of the 
matrix are {3, 7, ll, 15}, that is, the addresses ofthe columns 
are discrete. In FIG. 2, hoWever, the data type of the matrix is 
not matched With the memory unit. The addresses of the 
column elements ofthe matrix are {2, 3, 6, 7, 10, 11, 14,15}, 
that is, the addresses of the columns as a Whole are discrete, 
but part of the addresses are consecutive. Therefore, during 
parallel read/Write of matrix roW and column elements, it is 
necessary to take different data types of the matrix elements 
into account, and accordingly to use different read/Write 
granularities. Here, “read/Write granularity” refers to the 
number of memory units at consecutive addresses. 
[0006] Some patent documents have discussed hoW to per 
form read/Write operations on matrix roWs/columns, but not 
yet ful?ll the function of multi-granularity parallel read/Write 
of matrix roW/columns at the level of SRAM architecture. 
The patent documents, such as US. Pat. No. 6,084,771B 
(“Processor With Register FileAccessible By RoW Column to 
Achieve Data Array Transposition”), and CN Patent 
2009100433435 (“Matrix Register File With Separate RoW 
and Column Access Ports”), have provided a register ?le that 
supports read/Write of matrix roWs/columns. HoWever, the 
matrix data are still stored in the memory, and it is necessary 
to initially load the matrix data from the memory to the 
register ?le, and then read/Write matrix roW/ columns in the 
register ?le. MeanWhile, the register ?le has a very small 
capacity, and thus only a small part of the matrix data can be 
read/Written at each operation. Further, these patent docu 
ments do not consider hoW to support different data types. 
US. Pat. No. 7,802,049B2 (“Random Access Memory Have 
Fast Column Access”) primarily discusses hoW to rapidly 
acquire consecutive data from the memory roWs of DRAM, 
but does not discuss parallel read/Write of matrix roWs/col 
umns. 

SUMMARY 

Technical Problem to be Solved 

[0007] The present disclosure is made to address the prob 
lems With the conventional on-chip storage systems that they 
are incapable of parallel read/Write of matrix data in roWs/ 
columns or read/Write across roWs, and thus improve read/ 
Write ef?ciency of storage systems and memories. 

Technical Solution 

[0008] The present disclosure provides a multi-granularity 
parallel storage system including a memory read/Write (R/W) 
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port and a memory. The memory R/W port has a bit Width of 
W, W is the nth power of 2, and n is a natural number. The 
memory includes W memory blocks and a data gating net 
Work. Each of the memory blocks is a 2-dimension (2D) array 
consisting of multiple memory units, and each roW of the 2D 
array includes W memory units. For each memory block, one 
roW can be read/Written at a time. 

[0009] According to the present disclosure, the data gating 
netWork selects W memory units for read/Write from the W 
memory blocks based on R/W address and R/W granularity g. 
The R/W granularity g refers to the number of memory units 
having consecutive addresses, and g:2k, k is a natural num 
ber, OsksK, KIIogZW. 
[0010] According to the present disclosure, every g adja 
cent memory blocks are concatenated into one logic Bank, 
and all the logic Banks have the same start address. 
[0011] According to the present disclosure, the start 
addresses of the memory blocks in each logic Bank are con 
secutive, the addressing range of each logic Bank is 0~gN-l, 
and the addressing range of the entire memory is 0~gN-l, 
Where N denotes the siZe of one memory block. 
[0012] According to the present disclosure, in a read opera 
tion, the memory transmits a R/W address and a R/W granu 
larity to each logic Bank. Each logic Bank reads and transfers 
g memory units to the memory R/W port via the data gating 
netWork. Data read by W/ g logic Bank are concatenated from 
left to right into output data of a bit Width W. 
[0013] According to the present disclosure, in a Write 
operation, the memory divides data transferred from the 
memory R/W port into g portions, each portion of data having 
a bit Width of W/ g. The memory transmits the ith portion of 
data to the ith logic Bank, 0si<g, and simultaneously trans 
mits a R/W address and a R/W granularity to each logic Bank, 
and each logic Bank Writes g memory units. 
[0014] The present disclosure also provides a multi-granu 
larity parallel memory including W memory blocks and a data 
gating netWork, W is the nth poWer of 2, and n is a natural 
number. Each of the memory blocks is a 2-dimension (2D) 
array consisting of multiple memory units, and each roW of 
the 2D array includes W memory units. For each memory 
block, one roW can be read/Written at a time. 

[0015] According to the present disclosure, the data gating 
netWork selects W memory units for read/Write from the W 
memory blocks based on R/W address and R/W granularity g. 
The R/W granularity g refers to the number of memory units 
having consecutive addresses. 
[0016] According to the present disclosure, every g adja 
cent memory blocks are concatenated into one logic Bank, 
and all the logic Banks have the same start address. 
[0017] According to the present disclosure, the start 
addresses of the memory blocks in each logic Bank are con 
secutive, the addressing range of each logic Bank is 0~gN-l, 
and the addressing range of the entire memory is 0~gN-l, 
Where N denotes the siZe of one memory block. 
[0018] According to the present disclosure, in a read opera 
tion, a R/W address and a R/W granularity are transmitted to 
each logic Bank. Each logic Bank reads and transfers g 
memory units to the memory R/W port via the data gating 
netWork. Data read by W/ g logic Bank are concatenated from 
left to right into output data of a bit Width W. 
[0019] According to the present disclosure, in a Write 
operation, data transferred from the memory R/W port are 
divided into g portions, each portion of data having a bit Width 
of W/ g. The ith portion of data are transmitted to the ith logic 
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Bank, 0si<g, and at the same time a R/W address and a R/W 
granularity are transmitted to each logic Bank. Each logic 
Bank Writes g memory units. 

Technical Effects 

[0020] The multi-granularity parallel storage system and 
memory of the present disclosure have a structure of multiple 
logic Banks, and support a multi-granularity parallel R/W 
mode and a multi-granularity addressing scheme. They can 
support parallel read/Write of matrix roW and column data of 
different data types at the same time, and thus essentially 
eliminate the need for a transposition operation in signal 
processing and improve ef?ciency of signal processing. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] FIG. 1 is a schematic diagram of a structure of a 
conventional on-chip memory and an addressing scheme 
thereof, shoWing the locations of matrix elements on the 
memory When the data type of the matrix is consistent With 
memory unit; 
[0022] FIG. 2 is another schematic diagram of a structure of 
a conventional on-chip memory and an addressing scheme 
thereof, shoWing the locations of matrix elements on the 
memory When the bit Width of the matrix data is tWice larger 
than that of the memory unit; 
[0023] FIG. 3 is a schematic diagram shoWing a logic struc 
ture of a memory in a multi-granularity parallel storage sys 
tem according to the present disclosure; 
[0024] FIG. 4 is a schematic diagram shoWing addressing 
schemes and logic Bank divisions of a memory With different 
R/W granularities in a multi-granularity parallel storage sys 
tem according to the present disclosure; 
[0025] FIG. 5 shoWs correspondence betWeen R/W data 
and memory unit in a memory and a data gating path When the 
R/W granularity gIl, and the R/W address:4; 
[0026] FIG. 6 shoWs correspondence betWeen R/W data 
and memory unit in a memory and a data gating path When the 
R/W granularity g:2, and the R/W address:4; 
[0027] FIG. 7 shoWs correspondence betWeen R/W data 
and memory unit in a memory and a data gating path When the 
R/W granularity g:4, and the R/W address:4; 
[0028] FIG. 8 shoWs mapping betWeen elements of a 8x5 
matrix and memory units When the data bit Width of the 
matrix is equal to the bit Width of the memory unit; 

[0029] FIG. 9 shoWs mapping betWeen elements of a 8x5 
matrix and memory units When the data bit Width of the 
matrix is tWice larger than that of the memory unit; 

[0030] FIG. 10 shoWs mapping betWeen a memory block 
305 and physical memory units; 
[0031] FIG. 11 shoWs memory units mapped in the map 
ping of FIG. 10 When the R/W granularity gIl, and the R/W 
address:4; 
[0032] FIG. 12 shoWs memory units mapped in the map 
ping of FIG. 10 When the R/W granularity g:2, and the R/W 
address:4; 
[0033] FIG. 13 shoWs memory units mapped in the map 
ping of FIG. 10 When the R/W granularity g:4, and the R/W 
address:4; and 
[0034] FIG. 14 shoWs a physical structure of a memory in 
the mapping of FIG. 10. 
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DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

[0035] In the following, the present disclosure Will be fur 
ther explained With reference to the ?gures and speci?c 
embodiments so that the objects, solutions and advantages of 
the present disclosure become more apparent. 
[0036] To facilitate description of the present disclosure, 
the bit Width of each type of data is measured by using a 
memory unit as reference. The memory unit is de?ned as the 
addressing unit of the memory, that is, the minimal data bit 
Width by Which a R/W operation can be performed in the 
memory. In the description, phrases including “bit Width of 
W” should be construed as bits of W memory units. 
[0037] If the memory unit is of an 8 bit byte, the actual bit 
Width of the memory having a 4-bit-Width R/W port is 
4><8I32 bits. Further, all objects are numbered from 0 in a 
left-to-right manner. The term “granularity” represents the 
number of memory units having consecutive addresses. Here 
after, symbols are de?ned as folloWs: 

[0038] W: the bit Width of the memory R/W port; it must 
be a poWer of2 (i.e., W is the nth poWer of2, and n is a 
natural number); 

[0039] K: KIIogZW, and K+l represents types of R/W 
granularity supported by the memory; 

[0040] k: a parameter of memory R/W granularity; it is a 
natural number, and OsksK; an actual R/W granularity 
is denoted as g:2k; 

[0041] g: g:2k, denoting the memory R/W granularity, 
l sgsW; 

[0042] N: the siZe of a memory block. 
[0043] Although it is assumed in the ?gures of the present 
disclosure that W:4, the present disclosure is also applicable 
When W is some other poWer of 2. 

[0044] I. Logic Structure of Storage System and Memory 
[0045] FIG. 3 shoWs the logic structure of a storage system 
according to the present disclosure. The storage system 
includes a memory 300, and a memory R/W port 301 having 
a bit Width of W. The memory 3 00 includes W memory blocks 
305, and a data gating netWork 302. Each of the memory 
blocks 305 is a 2-dimension (2D) array consisting of memory 
units 303, and each roW 304 of the 2D array must include W 
memory units 303. For each memory block, one roW 304 can 
be read/Written at a time. 

[0046] To be noted, the memory blocks 305 are intended to 
illustrate the logic structure, other than the physical structure, 
of the memory units 303. 
[0047] The data gating netWork 302 selects logically, from 
the W memory blocks 305, W memory units 303 as R/W 
targets according to the R/W address and the R/W granularity. 
[0048] The storage system of the present disclosure sup 
ports multiple R/W granularities. The addressing scheme for 
each memory block 305 in the storage system is the same as 
the memory of FIG. 1. With different R/W granularities, 
hoWever, the start address of each memory block 305 
changes. The parameter k denotes different R/W granulari 
ties, and the actual R/W granularity is g:2k. 
[0049] FIG. 4 shoWs the addressing con?gurations of each 
memory block 405 of the memory in different R/W granu 
larities When W:4. For the R/W granularity g, each g adjacent 
memory blocks 405 are concatenated into a logic Bank 406. 
All the logic Banks 406 have the same start address. The start 
addresses of the memory blocks in each logic Bank 406 are 
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consecutive. The addressing range of each logic Bank 406 is 
0~gN-l, and the addressing range of the entire memory is 
0~gN-l. 
[0050] In a read operation, the memory transmits a R/W 
address and a R/W granularity to each logic Bank 406. Each 
logic Bank 406 reads and transfers g memory units to the 
memory R/W port 301 via the data gating netWork 302. Data 
read by W/ g logic Banks 406 are concatenated from left to 
right into output data of a bit Width W. 
[0051] In a Write operation, the memory divides data trans 
ferred from the memory R/W port 301 into g portions, each 
portion of data having a bit Width of W/ g. The memory 
transmits the ith portion of data to the ith logic Bank 406 
(0si<g), and at the same time transmits a R/W address and a 
R/W granularity to each logic Bank 406. Each logic Bank 406 
Writes g memory units. 
[0052] FIG. 5 shoWs a logic path inside the memory When 
the R/W granularity gIl, and the R/W address:4. The data 
gating netWork 502 has a gating logic as shoWn in the ?gure. 
Data from the memory R/W port 501 correspond to a respec 
tive memory unit 503 having the address of 4 and the granu 
larity of l in each of the logic Bank 506. 
[0053] FIG. 6 shoWs a logic path inside the memory When 
the R/W granularity g:2, and the R/W address:4. The data 
gating netWork 602 has a gating logic as shoWn in the ?gure. 
Data from the memory R/W port 601 correspond to a respec 
tive memory unit 603 having the address of 4 and the granu 
larity of2 in each of the logic Bank 606. 
[0054] FIG. 7 shoWs a logic path inside the memory When 
the R/W granularity g:4, and the R/W address:4. The data 
gating netWork 702 has a gating logic as shoWn in the ?gure. 
Data from the memory R/W port 701 correspond to a respec 
tive memory unit 703 having the address of 4 and the granu 
larity of4 in each of the logic Bank 706. 
[0055] Matrix elements need to be stored in the memory 
according to certain rule, to enable parallel read/Write of data 
in roWs and columns using the multi-granularity parallel stor 
age system and memory. 
[0056] FIG. 8 shoWs mapping betWeen matrix elements and 
memory units When the data bit Width of the matrix is equal to 
the bit Width of the memory unit. As shoWn in FIG. 8, assum 
ing that the matrix is of a siZe 8x5, and an element at the ith 
roW and the jth column is denoted as alj (0si<8, Osj <5). When 
the data type of the matrix is the same as the memory unit, 
logic Banks 806 are con?gured by the R/W granularity:l, 
that is, a matrix roW of (the index of the roW % W::i) is 
consecutively stored in the ith logic Bank 806. Here, “%” 
represents modulo operation. In a read/Write operation of 
matrix roWs and columns, W consecutive elements in a roW or 
in a column are de?ned as one data group. For example, {aOO, 
aol, ao2, ao3} denote a data group of elements in a roW, and 
{aOO, a 10, am, am} denote a data group of elements in a 
column. The entire matrix is divided into a plurality of data 
groups, and the memory can read/Write one data group in 
parallel per clock cycle. Here, the matrix elements are located 
in the memory as shoWn in FIG. 8. For parallel read/Write of 
a data group in a roW of the matrix, the R/W granularity gIW 
(here, assuming W:4; W may be any other poWer of 2), and 
the R/W address of the jth data group in the ith roW is 

start address of matrix+N><(i%W)+(i/W)><the number 
ofmatrix coluInns+(/'>< W) 

[0057] Here, “%” represents modulo operation, and “/” 
represents division operation With no remainder. For parallel 
read/Write of a data group in a column of the matrix, the R/W 
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granularity gIl as shown in FIG. 8, and the R/W address of 
the jth data group in the ith column is 

start address of matrix+i+(j><the number of matrix 

columns) 

[0058] FIG. 9 shoWs mapping betWeen elements of the 
matrix and memory units When the data bit Width of the 
matrix is tWice larger than that of the memory unit. As shoWn 
in FIG. 9, When the data bit Width of the matrix is M (here, 
assuming M:2; M may be any other poWer of 2) times larger 
than that of the memory unit, M memory units are required in 
order to store one matrix element. Let W'IW/M, and the logic 
Banks 906 are con?gured by the R/W granularity gIM, that 
is, a matrix roW of (the index of the roW % W'IIi) is consecu 
tively stored in the ith logic Bank 906. In a read/Write opera 
tion of matrix roWs and columns, W' consecutive elements in 
a roW or in a column are de?ned as one data group. For 

example, {aOO, a0 1} denote a data group of elements in a roW, 
and {aOO, alo} denote a data group of elements in a column. 
The entire matrix is divided into a plurality of data groups, 
and the memory can read/Write one data group in parallel per 
clock cycle. Here, the matrix elements are located in the 
memory as shoWn in FIG. 9. For parallel read/Write of a data 
group in a roW of the matrix, the R/W granularity gIW (here, 
assuming W:4; W may be any other poWer of 2), and the R/W 
address of the jth data group in the ith roW is 

[0059] Here, “%” represents modulo operation, and “/” 
represents division operation With no remainder. For parallel 
read/Write of a data group in a column of the matrix, the R/W 
granularity gIM as shoWn in FIG. 8, and the R/W address of 
the jth data group in the ith column is 

start address of matrix+i><M+(/'><the number of matrix 
columnsxA/I) 

[0060] Therefore, by designating different R/W granulari 
ties, the storage system and memory of the present disclosure 
can perform parallel read/Write of different types of matrix 
data in roWs and columns. 

[0061] II. Circuit Arrangement of Storage System 
[0062] The foregoing describes the overall logic structure 
of the storage system and memory of the present disclosure, 
Which can be implemented in many speci?c circuit arrange 
ments. In the folloWing, a speci?c circuit arrangement of the 
present disclosure Will be described in detail as a physical 
structure. Any other circuit arrangement Will be encompassed 
in the scope of the present disclosure as long as it can be 
abstracted into the above logic structure of the present disclo 
sure. 

[0063] Before the description of the circuit arrangement of 
the storage system and memory of the present disclosure, 
explanation Will be given about hoW to map the memory 
blocks 305 in FIG. 3 into actual physical memory cells. In the 
illustration, it is assumed again that the memory R/W port has 
a bit Width of 4. HoWever, the bit Width of the R/W port may 
be any other poWer of 2 in practical applications. 
[0064] FIG. 10 shoWs mapping betWeen the memory 
blocks 305 and the physical memory cells. For a storage 
system having a R/W port of bit Width W, it may consist of W 
memories 1007 of byte Width 1 in a physical structure. Each 
of the memories 1007 may be a conventional single-port 
memory, and only one memory cell can be read/Written 
Within a clock cycle. The physical memory cells in the memo 
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ries 1007 have sequential addresses starting With 0. W physi 
cal memory cells having the same address form a memory 
roW 1004 of a logic structure, and a plurality of consecutive 
memory roWs 1004 form a memory block 1005 of the logic 
structure. The memory block 1005 of siZe N is formed by 
N/W memory roWs 1004. It is assumed that N:l6 in the 
?gure. 
[0065] To enable the storage system and memory of the 
present disclosure to perform parallel read/Write With differ 
ent R/W granularities, the circuit arrangement of the present 
disclosure utiliZes a data gating netWork 1002 to rearrange the 
read/Written data. The logic structure in FIG. 10 shoWs the 
sequence of read/Written data and intra-roW mapping of the 
physical memory roWs. The mapping is the same for the 
memory roWs in each memory block 1001 but changes for 
different memory blocks 1005. For the ith memory block 
1005 (0si<W), the mapping is that a one-dimensional (1D) 
vector formed of W pieces of read/Written data, after being 
cycle-shifted rightWard by i elements, correspond to the 
physical memory cells, respectively, in the physical memory 
roW 1004. 

[0066] With the mapping shoWn in FIG. 10, FIG. 11 shoWs 
corresponding physical memory cells When the R/W granu 
larity gIl, and the R/W address is 4. In this case, the read/ 
Written data are stored sequentially in the physical memory 
cells 1103. 

[0067] With the mapping shoWn in FIG. 10, FIG. 12 shoWs 
corresponding physical memory cells When the R/W granu 
larity g:2, and the R/W address is 4. In this case, the read/ 
Written data are stored sequentially in the physical memory 
cells 1203. 

[0068] With the mapping shoWn in FIG. 10, FIG. 13 shoWs 
corresponding physical memory cells When the R/W granu 
larity g:4, and the R/W address is 4. In this case, the read/ 
Written data are stored sequentially in the physical memory 
cells 1303. 

[0069] With the mapping shoWn in FIG. 10, FIG. 14 shoWs 
the circuit arrangement of the storage system of the present 
disclosure. In FIG. 14, the storage system includes W memo 
ries 1407, a shift generator 1414, a roW address generator 
1413, an address shifter 1410, a Write shifter 1412, a read 
shifter 1408, W address adders 1411, and an address incre 
ment lookup unit 1409. 

[0070] The external interfaces of the storage system 
include R/W granularity g, Written data, read data, R/W 
address Addr, and Write enable WE. 
[0071] Each of the W memories 1407 may be a conven 
tional single-port memory having a Write enable terminal, a 
data input terminal, a data output terminal, and an address 
input terminal. The Write enable WE may be directly input to 
the Write enable terminal of each memory 1407. 

[0072] The shift generator 1414 and the roW address gen 
erator 1413 each have an input terminal, to Which the address 
Addr is directly input. The shift generator 1414 is con?gured 
to generate a shift value Shift based on the current input 
address Addr, and the roW address generator 1413 is con?g 
ured to generate a roW address RoWAddr based on the current 
input address Addr. For the storage system having a byte 
Width of W and memory blocks 305 of siZe N, Shift: 
(Addr%W)+(Addr/N) , ROWAddFAddr/W. Here, “%” rep 
resents modulo operation, and “I” represents division opera 
tion With no remainder. When W and N are each a poWer of 
2,the “%” operation may be implemented by truncating less 
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signi?cant bits of data, and the “1” operation may be imple 
mented by truncating the higher-order bits of data. 
[0073] The address shifter 1410, the Write shifter 1412, and 
the read shifter 1408 each include a shift control terminal. The 
output terminal of the shift generator 1414 is coupled to the 
shift control terminals of the address shifter 1410, the Write 
shifter 1412, and the read shifter 1408, respectively, so as to 
input the shift value Shift to the address shifter 1410, the Write 
shifter 1412, and the read shifter 1408. 
[0074] The address adders 1411 each have tWo input termi 
nals and one output terminal. The roW address RoWAddr 
generated by the roW address generator 1413 is directly input 
to one of the input terminals of each of the W address adders 
1411. The other input terminal of each address adder 1411 
receives the data output from the address shifter. The address 
adder 1411 is con?gured to perform non-sign addition of data 
input via its tWo input terminals to obtain a memory location 
in the memory 1407. The W address adders 1411 have their 
output terminals coupled to the address input terminals of the 
W memories 1407, respectively, to send a R/W address to the 
address input terminal of each memory 1407. 
[0075] The address increment lookup unit 1409 has one 
input terminal and W output terminals. The R/W granularity 
g is directly input to the input terminal of the address incre 
ment lookup unit 1409, Whose W output terminals are directly 
coupled to the input terminal of the address shifter 1410. The 
address increment lookup unit 1409 generates inputs to the 
respective address adders 1410 based on the R/W granularity 
g. There are in total K+l R/W granularities for a storage 
system of bit Width WIZK. Each column in the address incre 
ment lookup unit 1409 corresponds to one R/W granularity. If 
the memory block 305 in the storage system is of a siZe N, and 
DIN/W, the value for the jth (0sj<W from top to bottom) 
element in the ith (0si<K from left to right) column of the 
address increment lookup unit 1409 is [(j/2i)><2i]><D, Where 
“/” represents division operation With no remainder. 

[0076] The address shifter 1410 is con?gured to cycle-shift 
the input data rightWard by Shift elements. The address 
shifter 1410 have W pieces of output data (i0, i1, i2, i3), each 
piece being sent to one of the input terminals of one of the W 
address adders 1411. 

[0077] The Write shifter 1412 has its input terminals receive 
directly Written data from the external, and is con?gured to 
cycle- shift the input Written data rightWard by Shift elements. 
The W pieces of output data (W0, W1, W2, W3) from the Write 
shifter 1412 are sent to the data input terminals of the W 
memories 1407, respectively. 
[0078] The read shifter 1408 has W input terminals coupled 
to the data output terminals of the W memories 1407, respec 
tively, to receive W pieces of input data (r0, r1, r2, r3) from the 
W memories 1407. The read shifter 1408 is con?gured to 
cycle-shift the input data leftWard by Shift elements, and 
output read data via its output terminals. 
[0079] The leftWard or rightWard cycle- shift function of the 
address shifter 1410, the Write shifter 1412 and the read 
shifter 1408 may be implemented, for example, by a multi 
plexer, or other appropriate functional devices. 
[0080] The foregoing description of the embodiments illus 
trates the objects, solutions and advantages of the present 
disclosure. It Will be appreciated that the foregoing descrip 
tion refers to speci?c embodiments of the present disclosure, 
and should not be construed as limiting the present disclosure. 
Any changes, substitutions, modi?cations and the like Within 
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the spirit and principle of the present disclosure shall fall into 
the scope of the present disclosure. 

1. A multi-granularity parallel storage system comprising: 
a memory R/W port having a bit Width of W, W is the nth 
poWer of 2, and n is a natural number; and 

a memory comprising: 
W memory blocks each is a 2-dimension (2D) array 

consisting of multiple memory units, and each 
memory roW of the 2D array comprises W memory 
units, for each memory block, one memory roW is 
read/Written at a time and a data gating netWork is 
con?gured to select W memory units, as read/Write 
targets, from the W memory blocks based on a R/W 
address and a R/W granularity g, Wherein the R/W 
granularity g represents the number of memory units 
having consecutive addresses, and g:2k, is a natural 
number, OsksK, KIlogZW. 

2. The storage system of claim 1, Wherein every g adjacent 
memory blocks are concatenated into one logic Bank , and all 
the logic Banks have the same start address. 

3. The storage system of claim 2, Wherein the start 
addresses of the memory blocks in each logic Bank are con 
secutive, the addressing range of each logic Bank is 0~gN-l, 
and the addressing range of the entire memory is 0~gN-l, 
Where N denotes the siZe of one memory block. 

4. The storage system of claim 3, Wherein in a read opera 
tion, the memory is con?gured to transmit a R/W address and 
a R/W granularity to each logic Bank, each logic Bank being 
con?gured to read and transfer g memory units to the memory 
R/W port via the data gating netWork, and Wherein data read 
by W/ g logic Banks are concatenated from left to right into 
output data of a bit Width W. 

5. The storage system of claim 3, Wherein in a Write opera 
tion, the memory is con?gured to divide data transferred from 
the memory R/W port into W/ g portions, each portion of data 
having a bit Width of g; and the memory is further con?gured 
to transmit the ith portion of data to the ith logic Bank, 
0si<W/g, via the data gating netWork, and simultaneously 
transmit a R/W address and a R/W granularity to each logic 
Bank, Wherein each logic Bank is con?gured to Write g 
memory units. 

6. A multi-granularity parallel memory comprisingz, 
Wherein the memory comprises 
W memory blocks, W is the nth poWer of 2, n is a natural 

number, each of the memory blocks is a 2-dimension 
(2D) array consisting of multiple memory units, and 
each memory roW of the 2D array comprises W memory 
units, for each memory block, one memory roW can be 
read/Written at a time; 

a data gating netWork con?gured to select W memory units, 
as read/Write targets, from the W memory blocks (30-5) 
based on a R/W address and a R/W granularity g, 
Wherein the R/W granularity g represents the number of 
memory units having consecutive addresses, and g:2k, k 
is a natural number, 0sk<K, KIlogZW. 

7. The memory of claim 6, Wherein every g adjacent 
memory blocks are concatenated into one logic Bank, and all 
the logic Banks have the same start address. 

8. The memory of claim 7, Wherein the start addresses of 
the memory blocks in each logic Bank are consecutive, the 
addressing range of each logic Bank is 0~gN-l, and the 
addressing range of the entire memory is 0~gN-l, Where N 
denotes the siZe of one memory block. 
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9. The memory of claim 8, wherein in a read operation, a 
R/W address and a R/W granularity are transmitted to each 
logic Bank, each logic Bank is con?gured to read and transfer 
g memory units to the memory R/W port Via a data gating 
network; and data read by W/ g logic Banks are concatenated 
from left to right into output data of a bit Width W. 

10. The memory of claim 8, Wherein in a Write operation, 
data transferred from a memory R/W port are divided into 
W/ g portions, each portion of data having a bit Width of g; the 
ith portion of data are transmitted to the ith logic Bank, 
0si<W/ g, Via the data gating netWork, and simultaneously a 
R/W address and a R/W granularity are transmitted to each 
logic Bank ; and each logic Bank Writes g memory units. 

* * * * * 
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