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MEMORY MANAGEMENT DEVICE 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a Continuation Application of 
PCT Application No. PCT/JP2010/053817, filed Mar. 8, 2010 
and based upon and claiming the benefit of priority from prior 
Japanese Patent Applications No. 2009-169371, filed Jul. 17, 
2009; No. 2010-048328, filed Mar. 4, 2010; No. 2010 
048329, filed Mar. 4, 2010; No. 2010-048331, filed Mar. 4, 
2010; No. 2010-048332, filed Mar. 4, 2010; No. 2010 
048.333, filed Mar. 4, 2010; No. 2010-048334, filed Mar. 4, 
2010; No. 2010-048335, filed Mar. 4, 2010; No. 2010 
048337, filed Mar. 4, 2010; No. 2010-048338, filed Mar. 4, 
2010; and No. 2010-048339, filed Mar. 4, 2010, the entire 
contents of all of which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention relates to a memory manage 
ment device that manages access to a memory. 
0004 2. Description of the Related Art 
0005. In a conventional information processing device, a 
volatile semiconductor memory, for example, a DRAM (Dy 
namic Random Access Memory) is used as a main memory 
device of a processor. Further, in a conventional information 
processing device, a nonvolatile semiconductor memory is 
used as a secondary storage device in combination with the 
Volatile semiconductor memory. 
0006 Jpn. Pat. Appln. KOKAI Publication No. 2008 
242944 (Patent Literature 1) proposes an integrated memory 
management device. In the integrated memory management 
device, a NAND flash memory is used as a main memory for 
an MPU. Further, in Patent Literature 1, a primary cache 
memory of the MPU, a secondary cache memory, and the 
NAND flash memory, which is the main memory, are handled 
in the same memory layer. A cache controller of the integrated 
memory management device implements, in addition to 
memory management of the primary cache memory and the 
secondary cache memory, memory management of the main 
memory. 
0007 Jpn. Pat. Appln. KOKAI Publication No. 7-146820 
(Patent Literature 2) discloses a technology that adopts a flash 
memory as the main memory device of an information pro 
cessing device. According to Patent Literature 2, a flash 
memory is connected to a memory bus of a system via a cache 
memory, which is a volatile memory. The cache memory is 
provided with an address array that records information Such 
as addresses and an access history of data stored in the cache 
memory. A controller references an access destination 
address to Supply data in the cache memory or the flash 
memory to the memory bus or to store data in the memory 
bus. 
0008 Jpn. Pat. Appln. KOKAI Publication No. 2001 
266580 (Patent Literature 3) discloses an invention allowing 
different kinds of semiconductor memory devices to connect 
to a common bus. 
0009. A semiconductor memory device according to 
Patent Literature 3 includes a random access memory chip 
and a package including the random access memory chip. The 
package has a plurality of pins to electrically connect the 
random access memory chip to an external device. The plu 
rality of pins provides a memory function commonly to the 
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random access memory chip and a nonvolatile semiconductor 
memory that can electrically be erased and programmed. 
Each of the plurality of pins is arranged in the position of a 
corresponding pin of the nonvolatile semiconductor memory. 

BRIEF SUMMARY OF THE INVENTION 

Technical Problem 

0010. The present invention provides a memory manage 
ment device capable of efficiently using a nonvolatile semi 
conductor memory. 

Solution to Problem 

0011. A memory management device according to an 
embodiment of the present invention controls writing into and 
reading from a main memory including a nonvolatile semi 
conductor memory and a Volatile semiconductor memory in 
response to a writing request and a reading request from a 
processor. The memory management device includes a col 
oring information storage unit that stores coloring informa 
tion generated based on a data characteristic of write target 
data to be written into at least one of the nonvolatile semicon 
ductor memory and the Volatile semiconductor memory, and 
a writing management unit that references the coloring infor 
mation to determine a region into which the write target data 
is written from the nonvolatile semiconductor memory and 
the Volatile semiconductor memory. 

Advantageous Effects of Invention 
0012. According to the present invention, a memory man 
agement device capable of efficiently using a nonvolatile 
semiconductor memory can be provided. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

0013 FIG. 1 is a block diagram showing an example of a 
structure of a memory management device and an informa 
tion processing device according to a first embodiment of the 
present invention. 
0014 FIG. 2 is a block diagram showing an example of a 
structure of the memory management device and the infor 
mation processing device according to the first embodiment. 
0015 FIG. 3 is a diagram showing an example of a 
memory map of a mixed main memory according to the first 
embodiment. 
0016 FIG. 4 is a diagram showing an example of address 
conversion information according to the first embodiment. 
0017 FIG. 5 is a diagram showing an example of a color 
ing table according to the first embodiment. 
0018 FIG. 6 is a diagram illustrating an example of static 
color information according to the first embodiment. 
0019 FIG. 7 is a flow chart showing an example of data 
arrangement processing according to the first embodiment. 
0020 FIG. 8 is a diagram showing an example of a con 
figuration of the coloring table according to the first embodi 
ment. 

0021 FIG. 9 is a diagram showing a first example of a 
setting of static color information to various kinds of data. 
0022 FIG. 10 is a diagram showing a second example of 
settings of static color information to various kinds of data. 
0023 FIG. 11 is a flow chart showing an example of gen 
eration processing of the coloring table according to the first 
embodiment. 
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0024 FIG. 12 is a flow chart showing an example of gen 
eration processing of an entry of the coloring table according 
to the first embodiment. 
0025 FIG. 13 is a diagram showing a first example of an 
alignment of entries of the coloring table according to the first 
embodiment. 
0026 FIG. 14 is a diagram showing a second example of 
the alignment of entries of the coloring table according to the 
first embodiment. 
0027 FIG. 15 is a diagram showing an example of a 
method of calculating a dynamic writing frequency 
DW color and a dynamic reading frequency DR color based 
DR color dynamic color information and static color infor 
mation. 
0028 FIG. 16 is a flow chart showing an example of read 
ing processing of data according to the first embodiment. 
0029 FIG. 17 is a flow chart showing an example of deci 
sion processing of reading method of data according to the 
first embodiment. 
0030 FIG. 18 is a flow chart showing an example of writ 
ing processing of data according to the first embodiment. 
0031 FIG. 19 is a flow chart showing an example of deci 
sion processing of writing destination region of data accord 
ing to the first embodiment. 
0032 FIG.20 is a diagram illustrating decision processing 
ofa block into which data is to be written according to the first 
embodiment. 
0033 FIG. 21 is a graph showing an example of a change 
of an erasure count in an arbitrary block region of the non 
Volatile semiconductor memory. 
0034 FIG. 22 shows graphs showing an example of a 
change when a threshold for a difference of an erasure count 
is set Small for wear leveling. 
0035 FIG. 23 is a graph showing an example of grouping 
of a block region in accordance with the erasure count. 
0036 FIG. 24 is a diagram showing determination criteria 
for grouping the block region in accordance with the erasure 
COunt. 

0037 FIG.25 is a diagram showing an example of a search 
of the block region for wear leveling. 
0038 FIG. 26 is a block diagram showing an example of a 
memory management device further including a cache 
memory in the memory management device. 
0039 FIG.27 is a block diagram showing implementation 
examples of the memory management device, the mixed main 
memory, and a processor. 
0040 FIG.28 is a block diagram showing of an example of 
another structure aspect of the memory management device 
and the information processing device according to the first 
embodiment of the present invention. 
0041 FIG.29 is a perspective view showing an example of 
the plurality of memory management devices managing the 
plurality of nonvolatile semiconductor memories. 
0042 FIG. 30 shows a physical address space of a volatile 
semiconductor memory according to a second embodiment. 
0043 FIG.31 shows an example of a relationship between 
the coloring information and areas of the Volatile semicon 
ductor memory. 
0044 FIG. 32 shows another example of the relationship 
between the coloring information and the areas of the volatile 
semiconductor memory. 
0045 FIG. 33 shows an example of a data structure for 
managing a free space and a used space of the Volatile semi 
conductor memory according to the second embodiment. 
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0046 FIG.34 shows an example of write processing to the 
Volatile semiconductor memory according to the second 
embodiment. 
0047 FIG. 35 shows an example of an erasure processing 
to the Volatile semiconductor memory according to the sec 
ond embodiment. 
0048 FIG. 36 is diagram showing a truth value of a valid/ 
invalid flag of nonvolatile semiconductor memory in the 
address conversion information according to the third 
embodiment of the present invention. 
0049 FIG. 37 is diagram showing a state transition of the 
valid/invalid flag of the nonvolatile semiconductor memory. 
0050 FIG.38 is a flow diagram showing processing when 
a release of the mixed main memory is requested, according 
to the third embodiment. 
0051 FIG. 39 is a diagram illustrating a formation of 
explicit free space in the Volatile semiconductor memory 
when the release of a memory in FIG. 38 is requested. 
0.052 FIG. 40 is a flow diagram showing processing when 
acquisition of the mixed main memory is requested, accord 
ing to the third embodiment. 
0053 FIG. 41 is a flow chart diagram showing processing 
when memory data reading is requested in FIG. 40. 
0054 FIG. 42 is a flow chart showing processing when 
memory data writing is requested in FIG. 40. 
0055 FIG. 43 is a block diagram showing an example of a 
principal portion of a functional configuration of a memory 
management device according to a fourth embodiment of the 
present invention. 
0056 FIG. 44 is a diagram showing an example of a data 
structure of a block size when write target data is not classi 
fied based on the coloring information. 
0057 FIG. 45 is a diagram showing an example of a data 
structure of a block size when write target data is classified 
based on the coloring information. 
0.058 FIG. 46 is a diagram showing an example of a rela 
tionship between the address conversion information the 
physical address space (NAND logical address) of the non 
Volatile semiconductor memory according to the fourth 
embodiment. 
0059 FIG. 47 is a diagram showing an example of a logi 
cal/physical conversion table (NAND logical/physical con 
version table) of the nonvolatile semiconductor memory. 
0060 FIG. 48 is a data structure diagram showing an 
example of a reservation list. 
0061 FIG. 49 is a flow chart showing an example of pro 
cessing of a group value calculation unit and a reservation list 
management unit according to the fourth embodiment. 
0062 FIG.50 is a diagram showing an example of a state 
transition of the address conversion information according to 
the fourth embodiment. 
0063 FIG. 51 is a diagram showing an example of a dirty 
bit field according to a fifth embodiment. 
0064 FIG. 52 is a flow chart showing shut down process 
ing according to the fifth embodiment. 
0065 FIG. 53 is a diagram showing the coloring table 
applied in the fifth embodiment. 
0.066 FIG. 54 is a flow chart showing setting processing of 
pre-reading hint information according to the fifth embodi 
ment. 

0067 FIG.55 is a flow chart showing an example of pro 
cessing of an operating system when activation according to 
the fifth embodiment. 
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0068 FIG. 56 is a block diagram showing an example of a 
relationship between a virtual address region in a virtual 
address space and attribute information according to a sixth 
embodiment. 
0069 FIG. 57 is a flow chart showing an example of set 
ting processing of second attribute information of virtual 
address region data by the operating system. 
0070 FIG. 58 is a diagram showing an example of a set 
ting of static color information based on the virtual address 
region data. 
0071 FIG. 59 is a diagram showing an example of a 
dependence relationship between commands and libraries. 
0072 FIG. 60 is a diagram showing an example of scores 
of the commands and scores of the libraries. 
0073 FIG. 61 is a diagram showing another calculation 
example of the scores of the libraries based on the scores of 
commands. 
0074 FIG. 62 is a diagram showing an example of a set 
ting of static color information using the scores of the librar 
1CS 

0075 FIG. 63 is a diagram showing an example of vari 
ables or functions brought together by a compiler. 
0076 FIG. 64 is a diagram showing an example of a set 
ting of the static color information using the compiler. 
0077 FIG. 65 is a diagram showing an example of a set 
ting of the static color information based on a usage frequency 
of a dynamically generated memory region. 
0078 FIG. 66 is a block diagram showing an example of 
configurations of a memory management device, information 
processing device, and memory device according to a seventh 
embodiment of the present invention. 
007.9 FIG. 67 is a graph showing an example of a change 
of an erasure count of a memory unit. 
0080 FIG. 68 is a graph showing an example of a usage 
state of the memory device based on the erasure count of the 
memory device. 
0081 FIG. 69 is a graph showing an example of the usage 
state of the memory device based on a reading occurrence 
count of the memory device. 
0082 FIG. 70 is a flow chart showing an example of pro 
cessing notifying the memory device of the usage state based 
on the erasure count of the memory device. 
0083 FIG. 71 is a flow chart showing an example of noti 
fying the memory device of the usage State based on the 
reading occurrence count of the memory device H32a. 
0084 FIG. 72 is a diagram showing an example of data 
included in management information. 
0085 FIG. 73 is a flow chart showing an example of pro 
cessing after the memory device is electrically connected to 
the memory management device until access to the memory 
device is started. 
I0086 FIG. 74 is a flow chart showing processing after the 
memory management device receives a removal notification 
from the memory device until the memory device becomes 
removable. 
0087 FIG. 75 is a diagram showing an example of remov 
ing state of the memory device. 
0088 FIG. 76 is a block diagram showing an example of a 
reuse of the memory device. 
0089 FIG. 77 is a block diagram showing an example of a 
change of an access count when a control executes so that an 
access count for one memory device becomes larger than an 
access count for another memory device, based on the color 
ing information. 
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0090 FIG. 78 is a diagram showing an example of a con 
figuration of a memory management device according to an 
eighth embodiment of the present invention. 
0091 FIG. 79 is a schematic diagram showing a first 
example of dynamic Switching of nonvolatile semiconductor 
memories according to the eighth embodiment. 
0092 FIG. 80 is a schematic diagram showing a second 
example of dynamic Switching of nonvolatile semiconductor 
memories according to the eighth embodiment. 
0093 FIG. 81 is a state transition diagram showing a first 
example of Switching control of a memory region by a Switch 
ing control unit according to the eighth embodiment. 
0094 FIG. 82 is a state transition diagram showing a sec 
ond example of Switching control of a memory region by a 
Switching control unit according to the eighth embodiment. 
0.095 FIG. 83 is a block diagram showing an example of a 
relationship between a memory management device accord 
ing to a ninth embodiment of the present invention and a 
address space. 
0096 FIG. 84 is a flow chart showing an example of a 
writing operation by a processor 3b and the memory manage 
ment device according to the ninth embodiment. 
0097 FIG. 85 is a diagram showing an example of a con 
figuration of an information processing device and a network 
system according to a tenth embodiment of the present inven 
tion. 
0.098 FIG. 86 is a flow chart showing an example of pro 
cessing of a profile information management unit according 
to the tenth embodiment. 
(0099 FIG. 87 is a flow chart showing an example of 
upload processing of profile information by a user terminal 
according to the tenth embodiment. 
0100 FIG. 88 is a flow chart showing an example of down 
load processing of the profile information by the user terminal 
according to the tenth embodiment. 
0101 FIG. 89 is a block diagram showing an example of a 
network system according to an eleventh embodiment of the 
present invention. 
0102 FIG.90 is a block diagram showing an example of a 
configuration of a memory management device according to 
the eleventh embodiment. 
0103 FIG. 91 is a block diagram showing a first relation 
ship between a processor logical address and a network logi 
cal address according to the eleventh embodiment. 
0104 FIG. 92 is a block diagram showing a second rela 
tionship between a processor logical address and a network 
logical address according to the eleventh embodiment. 
0105 FIG.93 is a block diagram showing a third relation 
ship between a processor logical address and a network logi 
cal address according to the eleventh embodiment. 
0106 FIG. 94 is a block diagram showing a fourth rela 
tionship between a processor logical address and a network 
logical address according to the eleventh embodiment. 
0107 FIG.95 is a block diagram showing a fifth relation 
ship between a processor logical address and a network logi 
cal address according to the eleventh embodiment. 
0.108 FIG.96 is a block diagram showing an example of a 
virtual address space of the network system according to the 
eleventh embodiment. 
0109 FIG. 97 is a block diagram showing a first example 
of a configuration of the processor logical address and the 
network logical address according to the eleventh embodi 
ment. 
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0110 FIG. 98 is a block diagram showing a second 
example of a configuration of the processor logical address 
and the network logical address according to the eleventh 
embodiment. 
0111 FIG.99 is a block diagram showing a third example 
of a configuration of the processor logical address and the 
network logical address according to the eleventh embodi 
ment. 
0112 FIG. 100 is a diagram showing an example of cal 
culation to estimate the number of bits of an address needed to 
access data stored in a large number of devices connected to 
a network. 

DETAILED DESCRIPTION OF THE INVENTION 

0113. Each embodiment of the present invention will be 
described below with reference to drawings. In the descrip 
tion that follows, the same reference numerals are attached to 
Substantially or essentially the same functions and elements 
and a description thereof is provided if necessary. 

First Embodiment 

0114. A memory management device 1 and an informa 
tion processing device 100 according to a first embodiment of 
the present invention will be described. FIG. 1 is a block 
diagram showing an example of the memory management 
device and the information processing device according to the 
present embodiment. 
0115 The information processing device 100 includes the 
memory management device 1, a mixed main memory 2, and 
processors 3a, 3b, 3c. 
0116. The processor 3a, 3b, or 3c is, for example, a MPU 
(Micro Processor Unit) or GPU (Graphical Processor Unit). 
The processors 3a, 3b, 3c include primary cache memories 
4a, 4b, 4c and secondary cache memories 5a, 5b, 5c respec 
tively. The processors 3a, 3b, 3c execute processes 6a, 6b, 6c 
to process various kinds of data respectively. In the execution 
of the processes 6a, 6b, 6c, the processors 3a, 3b, 3c specify 
data by using a virtual address. 
0117 To write data (write target data) into the mixed main 
memory 2, the processors 3a, 3b, 3c generate a writing 
request. To read data (read target data) from the mixed main 
memory 2, the processors 3a, 3b, 3c generate a reading 
request. 
0118. Each of the processors 3a, 3b, 3c includes a page 
table (not shown) for converting a virtual address into a physi 
cal address (logical address for the mixed main memory 2) of 
the MPU or GPU. To write data into the primary cache memo 
ries 4a, 4b, 4c, the secondary cache memories 5a, 5b, 5c, or 
the mixed main memory 2, the processors 3a, 3b, 3c convert 
a virtual address into a logical address based on the page table 
to specify write target data by the logical address. Similarly, 
to read data from the primary cache memories 4a, 4b, 4c, the 
secondary cache memories 5a, 5b, 5c, or the mixed main 
memory 2, the processors 3a, 3b, 3c convert a virtual address 
into a logical address based on the page table to specify read 
target data by the logical address. 
0119 Incidentally, writing into and reading from the pri 
mary cache memories 4a, 4b, 4c, the secondary cache memo 
ries 5a, 5b, 5c, or the mixed main memory 2 will genetically 
be expressed as “access' below. 
0120. The memory management device 1 manages access 
(writing, reading) to the mixed main memory 2 by the pro 
cessors 3a, 3b, 3c. The memory management device 1 
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includes a processing unit 15, a working memory 16, and an 
information storage unit 17. The memory management 
device 1 stores memory usage information 11, memory spe 
cific information 12, address conversion information 13, and 
a coloring table 14 described later in the information storage 
unit 17. The coloring table 14 stored in the information stor 
age unit 17 of the memory management device 1 may be a 
portion of the coloring table 14 stored in nonvolatile semi 
conductor memories 9, 10. For example, data of the coloring 
table 14 used frequently of the coloring table 14 stored in the 
nonvolatile semiconductor memories 9, 10 may be stored in 
the information storage unit 17 of the memory management 
device 1. The memory management device 1 references the 
coloring table 14 and the like to manage access to the mixed 
main memory 2 by the processors 3a, 3b, 3c. Details thereof 
will be described later. 

I0121 The mixed main memory 2 includes a first memory, 
a second memory, and a third memory. The first memory has 
a greater accessible upper limit count than the second 
memory. The second memory has a greater accessible upper 
limit count than the third memory. Note that the accessible 
upper limit count is a statistically expected value and does not 
mean that the relationship is always guaranteed. In addition, 
the first memory may have a faster data transfer speed (access 
speed) than the second memory. 
I0122. In the present embodiment, the first memory is 
assumed to be a volatile semiconductor memory 8. As the 
volatile semiconductor memory 8, for example, a memory 
commonly used in a computer as the main memory such as a 
DRAM (Dynamic Random Access Memory), FPM-DRAM, 
EDO-DRAM, or SDRAM is used. A nonvolatile semicon 
ductor memory such as an MRAM (Magnetoresist Random 
Access Memory) or FeRAM (Ferroelectric Random Access 
Memory) may also be adopted if accessed at high speed just 
as fast as the DRAM with essentially no accessible upper 
limit count. 

I0123. The second memory is assumed to be the nonvola 
tile semiconductor memory 9. As the nonvolatile semicon 
ductor memory 9, for example, an SLC (Single Level Cell)- 
type NAND flash memory is used. When compared with an 
MLC (MultiLevel Cell), the SLC can be read and written into 
faster and has higher reliability. However, the SLC has higher 
bit costs than the MLC and is not suitable for increased 
capacities. 
0.124. The third memory is assumed to be the nonvolatile 
semiconductor memory 10. As the nonvolatile semiconductor 
memory 10, for example, an MLC-type NAND flash memory 
is used. When compared with the SLC, the MLC can be read 
and written into more slowly and has lower reliability. How 
ever, the MLC has lower bit costs than the SLC and is suitable 
for increased capacities. 
0.125. In the present embodiment, the nonvolatile semi 
conductor memory 9 is an SLC-type NAND flash memory 
and the nonvolatile semiconductor memory 10 is an MLC 
type NAND flash memory, but, for example, the nonvolatile 
semiconductor memory 9 may be a 2-bit/Cell MLC-type 
NAND flash memory and the nonvolatile semiconductor 
memory 10 may be a 3-bit/Cell MLC-type NAND flash 
memory. 

0.126 Reliability means the degree of resistance to an 
occurrence of data corruption (durability) when data is read 
from a storage device. Durability of the SLC is higher than 
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durability of the MLC. High durability means a greater acces 
sible upper limit count and lower durability means a smaller 
accessible upper limit count. 
0127. The SLC can store 1-bit information in one memory 

cell. On the other hand, the MLC can store 2-bit information 
or more in one memory cell. That is, the mixed main memory 
2 according to the present embodiment has decreasing order 
of durability of the volatile semiconductor memory 8, the 
nonvolatile semiconductor memory 9, and the nonvolatile 
semiconductor memory 10. 
0128. When compared with the volatile semiconductor 
memory 8, the nonvolatile semiconductor memories 9, 10 
such as NAND flash memories are cheap and can be increased 
in capacity. As the nonvolatile semiconductor memories 9, 
10, instead of NAND flash memories, for example, other 
kinds of flash memory such as NOR flash memories, PRAM 
(Phase change memory), or ReRAM (Resistive Random 
access memory) can be used. 
0129. Incidentally, an MLC may be adopted as the third 
memory and an MLC in which a pseudo SLC mode that 
writes data by using only lower pages of the MLC may be 
adopted as the second memory. In this case, the second 
memory and the third memory can be configured by a com 
mon chip only, which is advantageous in terms of manufac 
turing costs. 
0130 Comparison of a case when the nonvolatile semi 
conductor memories 9, 10 are used as the main memory and 
a case when the nonvolatile semiconductor memories 9, 10 
are used as the secondary storage device shows that the fre 
quency of access to the nonvolatile semiconductor memories 
9, 10 increases when the nonvolatile semiconductor memo 
ries 9, 10 are used as the main memory. In the present embodi 
ment, the information processing device including the mixed 
main memory 2 formed by mixing the Volatile semiconductor 
memory 8, the nonvolatile semiconductor memory 9 of SLC, 
and the nonvolatile semiconductor memory 10 of MLC as a 
main memory is realized. The mixed main memory 2 is a 
heterogeneous main memory in which arrangement of data is 
managed by the memory management device 1. 
0131 The memory usage information 11, the memory 
specific information 12, the address conversion information 
13, and the coloring table 14 are stored in predetermined 
regions of the nonvolatile semiconductor memories 9, 10. 
0132) The memory usage information 11 includes the 
number of times of writing occurrences and the number of 
times of reading occurrences of each page region of the non 
volatile semiconductor memories 9, 10, the number of times 
of erasure of each block region, and the size of the region 
being used. 
0133. The memory specific information 12 includes the 
memory size of the volatile semiconductor memory 8, the 
memory sizes of the nonvolatile semiconductor memories 9, 
10, the page sizes and block sizes of the nonvolatile semicon 
ductor memories 9, 10, and the accessible upper limit counts 
(the writable upper limit count, readable upper limit count, 
and erasable upper limit count) of each region. The page size 
is the unit of data size for writing into or reading from the 
nonvolatile semiconductor memories 9, 10. The block size is 
the unit of data erasure size of the nonvolatile semiconductor 
memories 9, 10. In the nonvolatile semiconductor memories 
9, 10, the block size is larger than the page size. 
0134. The address conversion information 13 is informa 
tion used to convert a logical address provided by the proces 
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sors 3a, 3b, 3c into a physical address corresponding to the 
logical address. Details of the address conversion information 
13 will be described later. 
0.135 The coloring table 14 is a table to hold coloring 
information for each piece of data. The coloring information 
includes static color information and dynamic color informa 
tion. Details thereof will be described later. 
0.136 Next, the memory management device according to 
the present embodiment and an operating system will further 
be described with reference to FIG. 2. FIG. 2 is a block 
diagram showing an example of the configuration of the 
memory management device 1 and the information process 
ing device 100 according to the present embodiment. In FIG. 
2, the processor 3b of the processors 3a, 3b, 3c in FIG. 1 is 
selected as the processor to be described, but the description 
that follows also applies to the other processors 3a, 3c. 
0.137 An operating system 27 is executed by the processor 
3b. The operating system 27 is executed by the processor 3b 
and has a right to access the coloring table 14 Stored in the 
information storage unit 17. 
0.138. The processing unit 15 of the memory management 
device 1 includes an address management unit 18, a reading 
management unit 19, a writing management unit 20, a color 
ing information management unit 21, a memory usage infor 
mation management unit 22, and a relocation unit 23. Further, 
the coloring information management unit 21 includes an 
access frequency calculation unit 24 and a dynamic color 
information management unit 25. 
0.139. The processing unit 15 performs various kinds of 
processing based on information stored in the information 
storage unit 17 while using the working memory 16. 
0140. The working memory 16 is used, for example, as a 
buffer and is used as a working region for various data con 
versions and the like. 
0.141. The functional blocks included in the processing 
unit 15 can be realized by one of hardware and software (for 
the example, the operating system 27, firmware or the like) or 
a combination of both. Whether the functional blocks are 
realized as hardware or software depends on the concrete 
embodiment or design limitations imposed on the whole 
information processing device 100. A person skilled in the art 
can realize these functions by various methods for each con 
crete embodiment and determining Such an embodiment is 
included in the scope of the present invention. This also 
applies to the functional blocks used in the description that 
follows. 
0142. The address management unit 18 allocates a physi 
cal address to a logical address and stores the allocated physi 
cal address and the logical address into the address conver 
sion information 13. Accordingly, the processing unit 15 can 
acquire a physical address corresponding to a logical address 
with reference to the address conversion information 13. 
0143. The reading management unit 19 manages read pro 
cessing of read target data to be read from the mixed main 
memory 2 when the processors 3a, 3b, 3c issue a reading 
request. 
0144. The writing management unit 20 manages write 
processing of write target data into the mixed main memory 2 
when the processors 3a, 3b, 3c issue a writing request. 
0145 The coloring information management unit 21 man 
ages the coloring table 14. 
0146 The memory usage information management unit 
22 manages the memory usage information 11 of the mixed 
main memory 2. 
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0147 The relocation unit 23 relocates data arranged at a 
physical address corresponding to any logical address based 
on coloring information included in the coloring table 14 
asynchronously to the operations of the processors 3a, 3b, 3c. 
The relocation unit 23 periodically relocates data included in 
the nonvolatile semiconductor memory 10 whose reading 
frequency or writing frequency is high into the nonvolatile 
semiconductor memory 9 based on, for example, dynamic 
color information described later. Also, the relocation unit 23 
periodically relocates data included in the nonvolatile semi 
conductor memory 9 whose reading frequency or writing 
frequency is low into the nonvolatile semiconductor memory 
10 based on, for example, the dynamic color information. 
Similarly, the relocation unit 23 can relocate data between the 
volatile semiconductor memory 8 and the nonvolatile semi 
conductor memories 9, 10. Write processing by the writing 
management unit 20 described later relocates data by per 
forming determination processing of a writing destination 
memory region and determination processing of a writing 
destination block region each time an update of data occurs. 
In contrast, the relocation unit 23 periodically relocates data. 
When the relocation unit 23 relocates data, the writing man 
agement unit 20 and the reading management unit 19 do not 
operate until the relocation is complete. The trigger of starting 
the operation of the relocation unit 23 may be a period set by 
the developer or the period that can be set through the user 
interface. The relocation unit 23 may operate when the infor 
mation processing device 100 pauses. 
0148. The access frequency calculation unit 24 calculates 
access frequency information (a dynamic writing frequency 
DR color and a dynamic reading frequency DR color) of 
databased on coloring information included in the coloring 
table 14. 
014.9 The dynamic color information management unit 
25 manages dynamic color information included in the col 
oring table 14. 
0150. Next, a mixed main memory according to the 
present embodiment will be described with reference to FIG. 
3. FIG. 3 is a diagram showing an example of a memory map 
of the mixed main memory 2 according to the present 
embodiment. 
0151. The mixed main memory 2 includes the volatile 
semiconductor memory 8 (DRAM region), the nonvolatile 
semiconductor memory 9 (SLC region), and the nonvolatile 
semiconductor memory 10 (2-bit/Cell region, 3-bit/Cell 
region, 4-bit/Cell region). The 2-bit/Cell region, 3-bit/Cell 
region, and 4-bit/Cell region constitute an MLC region. The 
DRAM region, SLC region, 2-bit/Cell region, 3-bit/Cell 
region, and 4-bit/Cell region are called a memory region by 
the gross. 
0152 The volatile semiconductor memory 8 is composed 
of for example, a 128-Mbyte DRAM region. 
0153. The nonvolatile semiconductor memory 9 is com 
posed of for example, a 2-Gbyte B region, a 128-Mbyte B 
redundant block region, a 2-Gbyte Cregion, and a 128-Mbyte 
C redundant block region. Each memory region of the non 
volatile semiconductor memory 9 is an SLC-type NAND 
flash memory. 
0154 The nonvolatile semiconductor memory 10 is com 
posed of, for example, a 2-bit/Cell region composed of a 
4-Gbyte A region and a 128-Mbyte A redundant block region, 
a 3-bit/Cell region composed of a 4-Gbyte D region and a 
128-Mbyte Dredundant block region, and a 4-bit/Cell region 
composed of a 4-Gbyte E region and a 128-Mbyte E redun 
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dant block region. Each memory region of the nonvolatile 
semiconductor memory 10 is an MLC-type NAND flash 
memory. As shown in FIG. 3, a physical address is allocated 
to each memory region. 
0155 If the mixed main memory 2 is configured as 
described above, the memory specific information 12 
includes 1) the memory size of the volatile semiconductor 
memory 8 (DRAM region) in a memory space of the mixed 
main memory 2, 2) the memory sizes of the nonvolatile semi 
conductor memories 9, 10 in the memory space of the mixed 
main memory 2, 3) the block size and page size of the NAND 
flash memory constituting the memory space of the mixed 
main memory 2, 4) memory space information (containing 
the erasable upper limit count, readable upper limit count, and 
writable upper limit count) allocated as an SLC region (binary 
region) in the nonvolatile semiconductor memory 9, 5) 
memory space information (containing the erasable upper 
limit count, readable upper limit count, and Writable upper 
limit count) allocated to the 2-bit/Cell region, 6) memory 
space information (containing the erasable upper limit count, 
readable upper limit count, and Writable upper limit count) 
allocated to the 3-bit/Cell region, and 7) memory space infor 
mation (containing the erasable upper limit count and read 
able upper limit count) allocated to the 4-bit/Cell region. 
0156 Next, the address conversion information (address 
conversion table) 13 according to the present embodiment 
will be described with reference to FIG. 4. FIG. 4 is a diagram 
showing an example of the address conversion information 13 
according to the present embodiment. 
0157. In the address conversion information 13, the logi 
cal address, physical address of the Volatile semiconductor 
memory 8, physical address of the nonvolatile semiconductor 
memories 9, 10, and valid/invalid flag are managed in tabular 
form. 

0158. In each entry of the address conversion information 
13, a logical address, at least one of physical addresses of the 
volatile semiconductor memory 8 and the nonvolatile semi 
conductor memories 9, 10 corresponding to the logical 
address, and the valid/invalid flag are registered. 
0159. The valid/invalid flag is information indicating 
whether or not each entry is valid. 1 of the valid/invalid flag 
indicates valid and 0 of the valid/invalid flag indicates invalid. 
The initial value of the valid/invalid flag of each entry is 0. An 
entry whose valid/invalid flag is 0 is an entry to which no 
logical address is mapped or an entry whose logical address is 
erased after being mapped thereto. An entry whose valid/ 
invalid flag is 1 has a logical address mapped thereto and a 
physical address corresponding to the logical address is 
present at least in one of the Volatile semiconductor memory 
8 and the nonvolatile semiconductor memories 9, 10. 
0160. In the example of the address conversion informa 
tion 13 shown in FIG. 4, the logical address, the physical 
address of the volatile semiconductor memory 8, and the 
physical address of the nonvolatile semiconductor memories 
9, 10 are managed by one entry of the address conversion 
information 13. However, the logical address and the physical 
address of the volatile semiconductor memory 8 may be 
managed by the address conversion information 13 So that the 
logical address and the physical address of the nonvolatile 
semiconductor memories 9, 10 are managed by another tag 
RAM. In this case, when a logical address is converted into a 
physical address, the tag RAM is first referenced and if no 



US 2012/019 1900 A1 

physical address corresponding to the logical address is found 
in the tag RAM, the address conversion information 13 is 
referenced. 
0161 Next, the coloring table 14 according to the present 
embodiment will be described with reference to FIG. 5. FIG. 
5 is a diagram showing an example of the coloring table 14 
according to the present embodiment. 
0162. In the present embodiment, coloring information is 
provided for each piece of data. The unit of data size of data 
to which coloring information is provided is, for example, the 
minimum unit of reading and writing. For example, the mini 
mum unit of reading and writing is the page size of a NAND 
flash memory. The coloring table 14 associates coloring 
information for each piece of data and stores the coloring 
information in units of entry. An index is attached to each 
entry of the coloring table 14. The index is a value generated 
based on a logical address. When a logical address specifying 
data is given to the reading management unit 19, the writing 
management unit 20, the coloring information management 
unit 21, the relocation unit 23, and so forth of the memory 
management device 1, the entry managed by the index corre 
sponding to the logical address is referenced to acquire col 
oring information of the data. 
0163 The coloring information includes static color infor 
mation and dynamic color information. The static color infor 
mation is information generated based on property of the data 
to which the coloring information is attached and is a kind of 
hint information offering a hint to determine an arrangement 
(writing) region of the data in the mixed main memory 2. The 
dynamic color information is information containing at least 
one of the number of times and the frequency of reading and 
writing data. The dynamic color information may be used as 
hint information. 
0164. Next, static color information will be described with 
reference to FIG. 6. FIG. 6 is a diagram illustrating an 
example of static color information according to the present 
embodiment. 
0165. The static color information includes at least one 
piece of information of “importance”, “reading frequency/ 
writing frequency', and “data life' of the data. The reading 
frequency described with reference to FIG. 6 corresponds to 
a static reading frequency described later and the writing 
frequency corresponds to a static writing frequency. 
0166 “Importance' is a value set by estimating the impor 
tance of databased on the type of the data or the like. 
0167 “Reading frequency/writing frequency’ is a value 
set by estimating the frequency with which data is read or 
written based on the type of the data or the like. 
0168 “Data life' is a value set by estimating a period (data 

life) in which data is used without being erased based on the 
type of the data or the like. 
0169. “Importance”, “reading frequency/writing fre 
quency', and “data life' are estimated from, for example, a 
property of a file held by a file system or a property of a region 
temporarily used for a program. 
0170 A property of a file held by a file system is a property 
determined based on a data attribute added to the file of file 
data containing the data to which coloring information is 
attached. A Data attribute added to the file include header 
information of the file, a file name, a file position, or file 
management data (information held in inodd). If, for 
example, the file is positioned in the Trash of the file system 
as the file position, it is estimated that the importance of the 
property of data contained in the file is low, the reading 
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frequency/writing frequency is low, and the data life is short. 
Based on the property, a low writing frequency, a low reading 
frequency, and a short data life are estimated for coloring 
information of the data. 
0171 A property of a region temporarily used for a pro 
gram includes a property determined based on the data type 
when program execution of a program in which the data to 
which coloring information is attached is handled and a prop 
erty determined based on the data type when generation of a 
program file. 
0172. The data type when program execution is the data 
type classified based on, for example, which region of a stack 
region, a heap region, and a text region the data is mapped to 
when program execution. For example, a property of data 
mapped to the stack region or heap region are estimated that 
the writing frequency is high, the reading frequency is high, 
the importance is high, and the data life is short. Based on the 
property, a high writing frequency, a high reading frequency, 
high importance, and a short data life are estimated for static 
coloring information of the data. For example, A property of 
data mapped to the text region are estimated that the writing 
frequency is low, the reading frequency is high, the impor 
tance is high, and the data life is long because the data is 
read-only data. Based on the property, a high writing fre 
quency, a high reading frequency, high importance, and a long 
data life are estimated for static coloring information of the 
data. 
0173 The data type estimation when generation of a pro 
gram file is to estimate the importance, reading frequency, 
and writing frequency of data handled by a program when the 
program is generated. 
0.174. The static color information may be directly set by 
the user through the user interface. 
0.175. Next, an example of write processing of databased 
on coloring information will be shown with reference to FIG. 
7. FIG. 7 is a flow chart showing an example of data arrange 
ment processing. 
0176). In the present embodiment, as described above, the 
mixed main memory 2 includes the Volatile semiconductor 
memory 8 and the nonvolatile semiconductor memories 9, 10. 
When data is arranged in the mixed main memory 2, the 
memory region of the Volatile semiconductor memory 8 or 
the nonvolatile semiconductor memories 9, 10 is determined 
as an arrangement destination. 
0177 First, when a writing request of data (write target 
data) occurs, the writing management unit 20 references col 
oring information attached to the write target data (step S1). 
0.178 Next, the writing management unit 20 references 
“data life' of the coloring information to determine the data 
life of the write target data (step S2). 
0179 If the data life of the write target data is determined 
to be short (step S3), the writing management unit 20 selects 
the Volatile semiconductor memory 8 as a memory region in 
which the write target data is arranged (step S4) and deter 
mines the memory region in which the write target data is 
arranged in favor of the volatile semiconductor memory 8 
(step S12). 
0180. If the data life of the write target data is determined 
to be long (step S3), the writing management unit 20 refer 
ences “importance' of the coloring information of the write 
target data to determine the importance of the write target data 
(step S5). 
0181. If the importance of the write target data is deter 
mined to be high (step S6), the writing management unit 20 
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selects the nonvolatile semiconductor memory 9 with high 
durability (reliability) as a memory region in which the write 
target data is arranged (step S7). Further, the writing manage 
ment unit 20 determines whether to cache the write target data 
in the volatile semiconductor memory 8 based on the coloring 
information of the write target data (cache method based on 
coloring information) (Step S8) and determines the nonvola 
tile semiconductor memory 9 as the memory region in which 
the write target data is arranged (step S12). 
0182. If the importance of the write target data is deter 
mined to be low (step S6), the writing management unit 20 
selects the nonvolatile semiconductor memory 10 with low 
durability as a memory region in which the write target data is 
arranged (step S9). Further, the writing management unit 20 
determines the reading frequency and the writing frequency 
of the write target data based on the coloring information 
(dynamic color information, static color information) of the 
write target data (step S10). 
0183 If the reading frequency and the writing frequency 
of the write target data are determined to be high (step S11), 
the writing management unit 20 selects the nonvolatile semi 
conductor memory 9 as a memory region in which the write 
target data is arranged (step S7). Further, the writing manage 
ment unit 20 determines whether to cache the write target data 
in the volatile semiconductor memory 8 based on the coloring 
information of the write target data (cache method based on 
coloring information) (Step S8) and determines the nonvola 
tile semiconductor memory 9 as the memory region in which 
the write target data is arranged (step S12). 
0184. If the reading frequency and the writing frequency 
of the write target data are determined to be low (step S11), 
the writing management unit 20 determines whether to cache 
the write target data in the volatile semiconductor memory 8 
based on the coloring information of the write target data 
(cache method based on coloring information) (step S8) and 
determines the nonvolatile semiconductor memory 10 as the 
memory region in which the write target data is arranged (step 
S12). 
0185. Next, a configuration example of the coloring table 
14 according to the present embodiment will be described 
with reference to FIG. 8. FIG. 8 is a diagram showing an 
example of the configuration of the coloring table 14 accord 
ing to the present embodiment. In the coloring table 14 shown 
in FIG. 8, a case when particularly the reading frequency, 
writing frequency, and data life of the coloring information 
shown in FIGS. 5 and 6 are used as the coloring information 
will be described. 
0186. As the coloring information, one of “importance', 
“reading frequency/writing frequency', and “data life' may 
be used, any two may be combined, or all may be combined. 
Further, other coloring information that is not shown in FIG. 
6 may be separately defined and used. 
0187. The coloring table 14 is a table that associates col 
oring information with each piece of data and holds the col 
oring information in units of entry. The data size of data 
associated with the coloring information by the coloring table 
14 is, for example, the minimum unit of reading or writing. 
For example, the minimum data size of reading or writing is 
the page size of a NAND flash memory. It is assumed below 
that the data size of data associated with the coloring infor 
mation by the coloring table 14 is the page size, but the 
present embodiment is not limited to Such an example. 
0188 An index is attached to each entry of the coloring 
table 14. 
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0189 Coloring information held by the coloring table 14 
includes static color information and dynamic color informa 
tion. 
0190. The index is a value generated based on a logical 
address. When a logical address specifying data is given to the 
reading management unit 19, the writing management unit 
20, the coloring information management unit 21, the reloca 
tion unit 23, and so forth of the memory management device 
1, the entry managed by the index corresponding to the logi 
cal address is referenced to acquire coloring information of 
the data. 
(0191 The static color information includes a value 
SW color indicating the static writing frequency, SR color 
indicating the static reading frequency, a data life SL color, a 
time ST color at which data is generated. 
0.192 The static writing frequency SW color is a value set 
by estimating the frequency with which data is written based 
on the type of the data or the like. The static reading frequency 
SR color is a value set by estimating the frequency with 
which data is read based on the type of the data or the like. For 
example, an increasing value is set to the static writing fre 
quency SW color with estimated data having an increasing 
writing frequency. For example, an increasing value is set to 
the static reading frequency SR color with estimated data 
having an increasing reading frequency. 
0193 The data life SL color is a value set by estimating a 
period (data life) in which data is used without being erased 
based on the type of the data or the like. 
0194 The static color information is a statically predeter 
mined value by a program (process) that generates data. The 
operating system 27 executed in the information processing 
device 100 may predict static color information based on a file 
extension, a file header of data, or the like. 
0.195 The dynamic color information includes a writing 
count DWC color of data and a reading count DRC color of 
data. The writing count DWC color of data is the number of 
times the data is written into the mixed main memory 2. The 
reading count DRC color of data is the number of times the 
data is read from the mixed main memory 2. The dynamic 
color information management unit 25 manages for each 
piece of data the number of times the data is written into the 
mixed main memory 2 based on the writing count DWC 
color. The dynamic color information management unit 25 
manages for each piece of data the number of times the data 
is read from the mixed main memory 2 based on the reading 
count DRC color. As described above, the mixed main 
memory 2 is used as a main memory. Thus, data processed by 
the processors 3a, 3b, 3c is written into the mixed main 
memory 2 or read from the mixed main memory 2. The 
dynamic color information management unit 25 increments 
the writing count DWC color of data each time the data is 
written. The dynamic color information management unit 25 
also increments the reading count DWC color of data each 
time the data is read. 
0196. As will be described later, the access frequency cal 
culation unit 24 calculates the dynamic writing frequency 
DW color from the writing count DWC color of data. The 
access frequency calculation unit 24 calculates the dynamic 
reading frequency DR color from the reading count DRC 
color of data. 
0197) The dynamic writing frequency DW color is a 
value indicating the frequency with which the data is written 
into the mixed main memory 2. The dynamic reading fre 
quency DR color is a value indicating the frequency with 
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which the data is read from the mixed main memory 2. The 
calculation method of the dynamic writing frequency 
DW color and the dynamic reading frequency DR color will 
be described later. 
0198 As will be described later, when a writing request or 
a reading request occurs from the processors 3a, 3b, 3c to the 
mixed main memory 2, the memory management device 1 
determines the write region, reading method and the like by 
referencing coloring information. 
0199 Next, static color information according to the 
present embodiment will be described with reference to 
FIGS. 9 and 10. FIG. 9 is a diagram showing a first example 
of a setting of static color information (the static writing 
frequency SW color, the static reading frequency SR color, 
and the data life SW color) to various kinds of data. FIG. 10 
is a diagram showing a second example of a setting of static 
color information (the static writing frequency SW color, the 
static reading frequency SR color, and the data life 
SR color) to various kinds of data. 
0200. The reading frequency of the text region of a kernel 

is normally high and the writing frequency thereof is low. The 
operating system 27 sets the static reading frequency 
SR color of the text region in which the operating system 27 
operates to 5 and the static writing frequency SW color to 1. 
The operating system 27 predicts that the data life SL color 
of the text region of the kernel is long. 
0201 On the other hand, both the reading frequency and 
the writing frequency of the data region of the kernel are 
normally high. Thus, the operating system 27 sets the static 
reading frequency SR color to 5 and the static writing fre 
quency SW color to 5 for the data region of the kernel. 
0202 Because the data region dynamically secured in the 
kernel is deleted when data is no longer needed, the data life 
SL color is assumed to be SHORT. 
0203 The reading frequency of the text region of a user 
program, when compared with the kernel reenterably invoked 
by all processes, is low. However, when a process is active, 
like the kernel, the reading frequency is high. Thus, the static 
writing frequency SW color is set to 1 and the static reading 
frequency SR color is set to 4 for the text region of the user 
program. The data life SR color for the text region of the user 
program is commonly long because the data life SL color is 
a period until the program is uninstalled. Thus, the data life 
SL color for the text region of the user program is set to 
LONG. 
0204 A region dynamically secured for a program is 
roughly divided into two regions. One type of the region is 
data (including the stack region) discarded when execution of 
a program ends. Such data has the short data life SR colorand 
the reading frequency and writing frequency thereofare high. 
Thus, the static reading frequency SR color is set to 4 and the 
static writing frequency SW color is set to 4 for data dis 
carded when execution of a program ends. Another region 
dynamically secured for the program is a region generated by 
the program for a new file. Data generated by the program has 
the long data life SL color and the read and write frequencies 
thereof depend on the type of a generated file. 
0205 The data life SL color of a file is set to be long for 
data handled as a file to be referenced by a process. 
0206. A case when a system file whose file extension is, 
for example, SYS, dll, DRV and the like is read will be 
described. Data having such an extension is a file read when 
the operating system 27 performs various kinds of process 
ing. When the operating system 27 is installed on the mixed 
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main memory 2, data having Such an extension is rarely 
updated after being written once. A file having such an exten 
sion is predicted that the access frequency thereof is, among 
files, relatively high, but when compared with the text region 
of a program (kernel), the access frequency thereof is low. 
Therefore, the operating system 27 sets the static writing 
frequency SW color having Such an extension to 1 and the 
static reading frequency SR color to 3. This setting shows 
that the writing frequency predicted from data is extremely 
low and the predicted reading frequency is high. That is, data 
having Such an extension is predicted that the data may be 
rewritten several times when the operating system 27 is 
updated or another program is installed and thus is handled 
almost like read-only data. 
0207. The number of users who use a program to edit an 
audio file is Small. Thus, the frequency of writing music data 
compressed by, for example, MP3 is considered to be low. 
The frequency of reading music data is considered to be 
higher than the frequency of writing music data. Thus, the 
static writing frequency SW color of music data compressed 
by MP3 or the like is set to 1 and the static reading frequency 
SW color thereof to 2. 
0208. The number of users who use a video editing pro 
gram is Small. Thus, the frequency of writing video data 
compressed by, for example, MPEG is considered to be low. 
The frequency of reading video data is considered to be 
higher than the frequency of writing video data. Thus, the 
static writing frequency SW color of video data compressed 
by MP3 or the like is set to 1 and the static reading frequency 
SW color thereof to 2. 
0209. The number of users who use an editing program of 
text data is large. Thus, for example, the writing frequency 
and reading frequency of a text file is considered to be high. 
Therefore, the static writing frequency SW color of the text 
file is set to 3 and the static reading frequency SW color 
thereof to 3. 

0210. The number of users who use a Web browser is 
large. Thus, the reading frequency and writing frequency of a 
browser cache file are considered to be equal to or higher than 
those of a media file of music data or video data. Therefore, 
the static writing frequency SW color of the browser cache 
file is set to 1 and the static reading frequency SW color 
thereof to 3. 

0211. The static writing frequency SW color of a file 
arranged in a directory whose access frequency is low Such as 
the Trash is set to 1 and the static reading frequency SW color 
thereof to 1. 

0212 Photo data whose extension is typically JPEG and 
movie data whose extension is typically MOV are rarely 
rewritten after being written once. The predicted frequency 
with which Such photo data or movie data is accessed from a 
program is low. Thus, the operating system 27 sets a small 
value to the static writing frequency SW color and the static 
reading frequency SR color of photo data and movie data. 
0213 Next, generation processing of the coloring table 14 
according to the present embodiment will be described with 
reference to FIG. 11. FIG. 11 is a flow chart showing an 
example of generation processing of the coloring table 14. 
The coloring table 14 is generated when the system is initially 
activated. The coloring table 14 is arranged in any region of 
the nonvolatile semiconductor memories 9,10. The address at 
which the coloring table 14 is arranged may be determined by 
the implementation of the memory management device 1. 
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0214. In step T1, the information device 100 is turned on 
and activated. 
0215. In step T2, the coloring information management 
unit 21 converts a base address of the coloring table 14 to a 
logical address and generates an index for each piece of data. 
0216. In step T3, the coloring information management 
unit 21 sets the base address of the coloring table 14 to the 
information storage unit 17. The information storage unit 17 
is composed of, for example, registers. The base address of 
the coloring table 14 is set to, for example, a coloring table 
register. 
0217 Next, generation processing of an entry of the col 
oring table 14 according to the present embodiment will be 
described with reference to FIG. 12. FIG. 12 is a flow chart 
showing an example of generation processing of an entry of 
the coloring table 14. 
0218. The processors 3a, 3b, 3c secure regions in a logical 
address space used for executing the processes 6a, 6b, 6c. 
When a region in the logical address space is secured, 0 is set 
to the valid/invalid flag of the address conversion information 
13 of the secured logical address. A physical address is allo 
cated to the logical address when the processes 6a, 6b, 6c 
access (read or write) the secured logical address within the 
range of the logical address space. When a physical address is 
allocated to the logical address, static color information for 
the data corresponding to the logical address is registered 
with the coloring table 14 and also 1 is set to the valid/invalid 
flag of the address conversion information 13 of the logical 
address. 
0219. First, the processes 6a, 6b, 6c executed by the pro 
cessors 3a, 3b, 3c issue a request to secure a region in the 
logical address space to arrange new data (step U1). Unused 
regions in the logical address space are managed by the oper 
ating system 27 and the logical address is determined by the 
operating system 27 (step U2). 
0220 Next, when new data is generated by the processes 
6a, 6b, 6c, the operating system 27 generates static color 
information based on the type of the newly generated data or 
the like (step U3). The static color information is generated 
for each page size of the generated data. If, for example, the 
data size of the generated data is larger than the page size, the 
data is divided into the page size and static color information 
is generated for each divided page size. It is assumed below 
that the data size of the write target data is equal to the page 
size, but the present embodiment is not limited to such an 
example. 
0221) Next, the operating system 27 references the color 
ing table 14 based on the base address set to the information 
storage unit 17 (step U4). 
0222 Next, the operating system 27 registers the gener 
ated Static color information with an entry of the coloring 
table 14 to which the index corresponding to the secured 
logical address is attached (step U5). 
0223. After the logical address space being successfully 
secured by the operating system 27, the processes 6a, 6b, 6c 
executed by the processors 3a, 3b, 3c issue a reading request 
or writing request to the secured logical address space. At this 
point, the address management unit 18 determines the physi 
cal address for the logical address to which data is written and 
this processing will be described later. 
0224. When, with the processing described above, new 
data is generated and written into the mixed main memory 2 
after the processes 6a, 6b, 6c being executed by the proces 
sors 3a, 3b, 3c, coloring information is generated for the 
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newly generated data and registered with a new entry of the 
coloring table 14. Accordingly, new data can be written into 
the mixed main memory 2. 
0225. Next, the alignment of entries of the coloring table 
14 will be described with reference to FIGS. 13 and 14. FIG. 
13 is a diagram showing a first example of an alignment of 
entries of the coloring table 14. FIG. 14 is a diagram showing 
a second example of an alignment of entries of the coloring 
table 14. 
0226 Entries of the coloring table 14 are compatible with 
the minimum read size of data (for example, the page size of 
a NAND flash memory), but the processes 6a, 6b, 6c are not 
forced to map after entries being aligned to the minimum read 
size of data when data is mapped to the logical address space. 
Thus, there is the possibility that a plurality of pieces of data 
corresponds to one entry of the coloring table 14. 
0227. In such a case, as shown in FIG. 13, the operating 
system 27 causes, among the plurality of pieces of data cor 
responds to one entry, the data whose reading frequency and 
writing frequency are estimated to be the highest to represent. 
0228. Alternatively, as shown in FIG. 14, the operating 
system 27 sets weighted average values of the static writing 
frequency SW color and the static reading frequency 
SR color of each piece of data with the size of data occupying 
one entry set a weight. 
0229. The static writing frequency SW color and the 
static reading frequency SR color shown in the coloring table 
14 are embedded in source code such as the operating system 
27 by a program developer or predicted by the operating 
system 27. However, a file or photo data may be used for 
another purpose than intended by the program developer. 
Generally, data Such as photo data is accessed almost exclu 
sively for reading and content of photo data is rarely rewrit 
ten. However, when a program to process photo data pro 
cesses specific photo data, the photo data being processed 
may frequently be rewritten. In Such a case, if the static 
writing frequency SW color and the static reading frequency 
SR color of the coloring table 14 can be rewritten by the user, 
a specific file can be moved to a region that allows for a more 
number of times of rewrite at a higher speed. 
0230. To realize such an operation, it is preferable to 
design the file system of the operating system 27 so that 
coloring information of each piece of data can be rewritten by 
software of the operating system 27. For example, it is pref 
erable to design the information processing device 100 in 
Such a way that An attribute corresponding to the coloring 
table 14 can be viewed on the GUI screen by opening property 
of a file by a common browser and to design the operating 
system 27 so that initial data thereof can be changed by the 
user on the GUI. 
0231. Next, the method of calculating the dynamic writing 
frequency DW color and the dynamic reading frequency 
DR color based on dynamic color information and static 
color information will be described with reference to FIG.15. 
FIG. 15 is a diagram showing an example of the method of 
calculating the dynamic writing frequency DR color and the 
dynamic reading frequency DR color based on dynamic 
color information and static color information. In FIG. 15, the 
horizontal axis represents the time and the vertical axis rep 
resents the number of times of access (the reading count 
DWC color or the writing count DRC color). 
0232. If new data is generated at a data generation time, 
coloring information (including the data generation time) is 
generated for the newly generated data and registered with a 
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new entry of the coloring table 14 and then, the data is written 
into the mixed main memory 12. Withan occurrence of access 
(read or write) to the data after the data generation time, the 
number of times of access (the writing count DWC color and 
the reading count DRC color) increases with the passage of 
time. The number of times of access is increased by the 
dynamic color information management unit 25. The access 
frequency calculation unit 24 of the memory management 
device 1 calculates the dynamic writing frequency DW color 
and the dynamic reading frequency DR color based on the 
number of times of access. 
0233. The writing count DWC color of the data and the 
reading count DRC color of the data at the current time can 
be determined by referencing the coloring table 14. The 
dynamic writing frequency DW color at the current time is 
determined by a time average (average rate of changea) of the 
writing count DWC color from the data generation time 
ST color to the current time. The dynamic reading frequency 
DR color at the current time is determined by a time average 
(average rate of change a) of the reading count DRC color 
from the data generation time ST color to the current time. 
Accordingly, the dynamic writing frequency DW color and 
the dynamic reading frequency DR color of the data are 
calculated based on the dynamic color information (the writ 
ing count DWC color and the reading count DRC color). 
0234 Next, high or low of the frequency of access to the 
data is determined based on the calculated dynamic writing 
frequency DW color and dynamic reading frequency 
DR color. High or low of frequency of access is determined 
based on, for example, the memory specific information 11 of 
the mixed main memory 2 into which the data is written and 
the calculated dynamic writing frequency DW color and 
dynamic reading frequency DR color. 
0235. In FIG. 15, “accessible upper limit countxweight 
1/data life' is set as the inclination of Formula A and “acces 
sible upper limit countxweight 2/data life' is set as the incli 
nation of Formula B, where weight 1-weight 2 holds. Weight 
1 and weight 2 can arbitrarily be set in accordance with the 
mixed main memory 2 into which the data from which the 
dynamic writing frequency DW color and the dynamic read 
ing frequency DR color are calculated is written. 
0236. If the average rate of change C.<the inclination of 
Formula A holds, the dynamic access frequency of the data is 
determined to be high. 
0237 If the inclination of Formula B<the average rate of 
change Osthe inclination of Formula A holds, the dynamic 
access frequency of the data is determined to be medium. 
0238 If the average rate of change C.s the inclination of 
Formula Bholds, the dynamic access frequency of the data is 
determined to be low. 
0239 Next, processing to read data from the mixed main 
memory 2 will be described with reference to FIG. 16. FIG. 
16 is a flow chart showing an example of the processing to 
read the data. 
0240 First, the processes 6a, 6b, 6c executed by the pro 
cessors 3a, 3b, 3c cause a reading request of data (read target 
data) (step W1). 
0241. Next, a virtual address specifying the read target 
data is converted into a logical address based on a page table 
(not shown) included in the processors 3a, 3b, 3c (step W2). 
0242 Next, the reading management unit 19 references 
the valid/invalid flag of the entry of the logical address cor 
responding to the read target data of the address conversion 
information 13 (step W3). 
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0243 If the valid/invalid flag of the address conversion 
information 13 is 0 (step W3a), data is undefined because 
writing for the logical address has not occurred at once. In this 
case, the reading management unit 19 behaves as if to read 0 
data for the size of the reading request (step W8) before 
proceeding to processing in step W10. 
0244 If the valid/invalid flag of the address conversion 
information 13 is 1 (step W3a), data writing for the logical 
address has occurred at least once. In this case, the reading 
management unit 19 references the address conversion infor 
mation 13 to determine whether data corresponding to the 
logical address is stored in the volatile semiconductor 
memory 8 (step W4). 
0245. If the reading management unit 19 determines that 
data corresponding to the logical address is stored in the 
Volatile semiconductor memory 8 (step W4a), the processing 
proceeds to step W10 to read the data from the volatile semi 
conductor memory 8. 
0246. If the reading management unit 19 determines that 
data corresponding to the logical address is not stored in the 
volatile semiconductor memory 8 (step W4a), the reading 
management unit 19 determines the method of reading the 
read target data from the nonvolatile semiconductor memo 
ries 9, 10 by referencing the coloring table 14 (step W5). 
Decision processing of the reading method will be described 
later. 
0247 Next, the reading management unit 19 determines 
whether the read target data needs to be moved (rewritten) by 
referencing the memory specific information 11 and the 
memory usage information 12 of the nonvolatile semiconduc 
tor memories 9, 10 in which the read target data is stored (step 
W6). 
0248 If the reading management unit 19 determines that 
the read target data does not need to be moved (step W6a), the 
processing proceeds to step W9. 
0249. If the reading management unit 19 determines that 
the read target data needs to be moved (step W6a), the reading 
management unit 19 moves the read target data to another 
region of the nonvolatile semiconductor memories 9, 10 (step 
W7) and then the processing proceeds to step W9. 
0250 In step W9, the memory usage information manage 
ment unit 22 increments the reading count of the memory 
usage information 11 when data is read from a nonvolatile 
memory region. In step W10, the dynamic color information 
management unit 25 increments the reading count DRC 
color of data of the coloring table 14 when the data is read. In 
step W11, the reading management unit 19 reads databased 
on a physical address obtained from a logical address and the 
address conversion information 13. 
0251 Next, decision processing of the reading method of 
data will be described with reference to FIG. 17. FIG. 17 is a 
flow chart showing an example of decision processing of the 
reading method of data. The decision processing of the read 
ing method is processing to determine whether to use a 
memory region of the Volatile semiconductor memory 8 as a 
cache when data is read from a memory region of the non 
volatile semiconductor memories 9, 10. This processing cor 
responds to step W5 in FIG. 16. 
0252. The mixed main memory 2 includes, as described 
above, the volatile semiconductor memory 8 and the nonvola 
tile semiconductor memories 9, 10. In the present embodi 
ment, a portion of the Volatile semiconductor memory 8 can 
be used as a cache memory. When data is read from the 
nonvolatile semiconductor memories 9, 10 of the mixed main 
















































































