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(57) ABSTRACT 
According to an embodiment, a semiconductor storage 
device includes a first storage unit, a read control unit, a 
second storage unit, and a write control unit. The first storage 
unit is configured to store data Supplied from a host device. 
The read control unit is configured to perform control of 
reading the data in accordance with a read request. The sec 
ond storage unit is configured to store a logical address used 
for reading the data from the first storage unit by the read 
control unit. The write control unit is configured to perform 
control of adding the stored logical address to the data and 
write the resulting data into the first storage unit in a case 
where a size of the data requested to be written into the first 
storage unit by the host device is smaller than a threshold. 
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SEMCONDUCTOR STORAGE DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This application is based upon and claims the ben 
efit priority from Japanese Patent Application No. 2012 
284909, filed on Dec. 27, 2012; the entire contents of which 
are incorporated herein by reference. 

FIELD 

0002 Embodiments described herein relate generally to a 
semiconductor storage device. 

BACKGROUND 

0003. As examples of storage devices included in general 
host systems such as computer systems, there are magnetic 
hard disk drives (HDD), solid state drives (SSD) having non 
volatile semiconductor memories such as NAND flash 
memory mounted thereon, and embedded NAND flash 
memory. SSDs and embedded NAND flash memory are clas 
sified as storages, but can also be described as memory sys 
tems with extended sizes. 
0004 Such a memory system includes an interface, a first 
memory block, a second memory block and a controller, for 
example. The first memory block stores data, and the second 
memory block is a buffer memory for writing/reading data. 
0005. Description will be given considering an SSD as a 
system of the related art. Herein, an SSD refers to a storage 
constituted by NAND flash-based solid-state memory in a 
broad sense and also includes a NAND flash memory embed 
ded system. Since writing to NAND flash memory is per 
formed in units of a page, there is a disadvantage that a large 
number of data write requests in Smaller units (requests to 
write data Smaller than a page size) results in many empty 
areas in the NAND flash memory and thus results in decrease 
in the use efficiency. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0006 FIG. 1 is a conceptual diagram for explaining an 
outline of an embodiment; 
0007 FIG. 2 is a diagram illustrating an exemplary hard 
ware configuration of a semiconductor storage device accord 
ing to a first embodiment; 
0008 FIG. 3 is a diagram illustrating an exemplary func 
tional configuration of a device controller according to the 
first embodiment; 
0009 FIG. 4 is a diagram illustrating an exemplary con 
figuration of a second storage unit according to the first 
embodiment; 
0010 FIG. 5 is a diagram illustrating an exemplary func 
tional configuration of a memory controller according to the 
first embodiment; 
0011 FIG. 6 is a chart illustrating an example of control 
performed by a write control unit according to the first 
embodiment; 
0012 FIG. 7 is a chart illustrating an example of control 
performed by a read control unit according to the first 
embodiment; 
0013 FIG. 8 is a diagram illustrating an exemplary hard 
ware configuration of a semiconductor storage device accord 
ing to a modification; 
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0014 FIG. 9 is a diagram illustrating an exemplary func 
tional configuration of a device controller according to a 
second embodiment; 
0015 FIG. 10 is a diagram illustrating an exemplary con 
figuration of a second storage unit according to the second 
embodiment; 
0016 FIG. 11 is a chart illustrating an example of control 
performed by a second write control unit according to the 
second embodiment; and 
0017 FIG. 12 is a chart illustrating an example of control 
performed by a search control unit according to the first 
embodiment. 

DETAILED DESCRIPTION 

0018. According to an embodiment, a semiconductor stor 
age device includes a first storage unit, a read control unit, a 
second storage unit, and a write control unit. The first storage 
unit is configured to store data Supplied from a host device. 
The read control unit is configured to perform control of 
reading the data in accordance with a read request. The sec 
ond storage unit is configured to store a logical address used 
for reading the data from the first storage unit by the read 
control unit. The write control unit is configured to perform 
control of adding the stored logical address to the data and 
write the resulting data into the first storage unit in a case 
where a size of the data requested to be written into the first 
storage unit by the host device is smaller than a threshold. 
0019. An outline of an embodiment will be described 
before describing embodiments of the semiconductor storage 
device. Here, an example in which a first storage unit that 
stores data supplied from a host device is AND flash memory 
will be described. The size of metadata such as a tag handled 
by a search memory is smaller than the page size (8 KB, for 
example) of the NAND flash memory. Thus, in a case where 
data such as a tag Smaller than the page size is written in the 
NAND flash memory, an empty area is produced in a storage 
area of one page reserved in the NAND flash memory as a 
result of the writing. 
0020. In practice, it is known from a result of analysis of 
use cases of NAND flash memory in personal computers and 
mobile phones that small data of 4 KB or smaller are fre 
quently written. Note that, when use cases in reading and 
writing of data are considered, data to be written is likely to 
have relationship with data previously read out. For example, 
a case of opening a presentation file while a document file is 
open and updating and saving the presentation file on a per 
Sonal computer is assumed. Since the document file may also 
be read when the presentation file is read afterward, storing 
data read previously in association with data to be written 
allows efficient retrieval of the association when the written 
data is read out. 
0021. A significant difference based on an essential differ 
ence between memories such as NAND flash memory from/ 
to which reading/writing is performed in units of pages and 
other memories is that, even NAND flash memory is suitable 
for increasing the capacity, the capacity may not be made use 
of depending on use cases because writing is performed in 
units of pages. 
0022. In view of the aforementioned circumstances, a fea 
ture of the embodiment is that writing as much information 
that will be valuable when reading as possible in empty areas 
of pages is found to be useful in increasing the speed of a 
memory system in practical use. As illustrated in FIG. 1, 
according to the embodiment, in a case where the size of data 



US 2016/0004440 A1 

requested to be written into NAND flash memory (hereinafter 
may be referred to as “data to be written') is smaller than a 
page size representing the unit size for writing (more specifi 
cally, in a case where the proportion of data to be written in a 
page is smaller than a threshold (50%, for example), an 
address last stored in a buffer memory (corresponding to a 
'second storage unit' in the claims) that is not illustrated and 
in which the history of addresses used for reading data is read 
out from the buffer memory and added to the data to be 
written so that there will be no empty area in the area other 
thana redundant part of the page. Then, predetermined redun 
dant information (such as a logical address specified by a host 
device for the data requested, an ECC, a parity, and the num 
ber of addresses) is appended into the redundant part of the 
page, and the page is written into the NAND flash memory. 
0023. When reading of the data written in the NAND flash 
memory is requested afterward, the address added in writing 
is also read out together with the written data. As a result of 
reading out data associated with the read address from the 
NAND flash memory and holding the data in the buffer 
memory (that is, performing look-ahead), the data read ahead 
can be transmitted to the host device without accessing the 
NAND flash memory when reading of the data is request, 
which allows efficient reading of data strongly correlated 
with the written data. 

0024. Embodiments of the semiconductor storage device 
will be described below in detail with reference to the accom 
panying drawings. 

First Embodiment 

0025 FIG. 2 is a block diagram illustrating an example of 
hardware configurations of a device 100 that is a semicon 
ductor storage device and a host device 200 according to a 
first embodiment. As illustrated in FIG. 2, the host device 200 
includes a CPU 201, a main memory 202, and an interface 
unit 203 to connect to the device 100, which are connected 
with one another via a bus 204. 

0026. The device 100 includes a controller chip 110 and a 
first storage unit 120. The controller chip 110 includes a host 
interface unit 111, a device controller 112, a second storage 
unit 113, and a memory controller 114, which are connected 
to one another via a bus 115. In the device 100, a high-speed 
and efficient bus line arrangement is desirable. In the mean 
time, two or more types of bus lines may be used in the device 
100 depending upon a difference between interface standards 
and external interface standards, for example. 
0027. Furthermore, in the example of FIG. 1, the first 
storage unit 120 is connected to the controller chip 110 via the 
memory controller 114. The first storage unit 120 is a device 
capable of storing data supplied from the host device 200 
(from a different perspective, data to be used by the host 
device 200). In the present embodiment, the first storage unit 
120 is a NAND flash memory, but is not limited thereto. 
Alternatively, the first storage unit 120 may be constituted by 
a plurality of chips so as to increase the storage capacity. The 
first storage unit 120 is not limited to the above, and any 
storage medium can be applied thereto as long as it is a 
semiconductor memory having memory nonvolatility. 
Examples of the first storage unit 120 include nonvolatile 
memories such as an MRAM (magnetoresistive random 
access memory), an ReRAM (resistance random access 
memory), an FeRAM (ferroelectric random access memory), 
and a PCRAM (phase-change random access memory). 
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(0028. The host device 200 (the interface unit 203) is con 
nected to the host interface unit 111 of the device 100 via an 
external bus 300 such as an AMBA (advanced microcontrol 
ler bus architecture). For example, the host interface unit 111 
is appropriately selected from an SATA (serial advanced tech 
nology attachment), a PCI Express, an eMMC (embedded 
MMC), a UFS ((universal flash storage)), a USB (universal 
serial bus) and the like. 
0029. The host interface unit 111 can receive requests 
from the host device 200, which is a host device of the device 
100. For example, the host interface unit 111 can receive a 
write request requesting to write data into the first storage unit 
120 and a read request requesting to read data from the first 
storage unit 120 from the host device 200. In this example, a 
write request contains information requesting execution of 
writing, data requested to be written, and a logical address 
indicating the place to which the data requested to be written 
is assigned among virtual space addresses in a program. A 
read request contains information requesting execution of 
reading, and a logical address indicating the place to which 
data requested to be read is assigned among virtual space 
addresses in a program. The logical address is specified by the 
host device 200. 

0030 The device controller 112 is a control device con 
figured to control writing of data into the first storage unit 120 
and reading of data from the first storage unit 120 in response 
to a request from the host device 200 received by the host 
interface unit 111. Detailed functions of the device controller 
112 will be described later. 
0031. The second storage unit 113 is a memory smaller 
than the first storage unit 120 but higher in resistance to 
rewrite/read than the first storage unit 120. The second stor 
age unit 113 has a work area for storing various computation 
results of the device controller 112 and the memory controller 
114 to be described later. The second storage unit 113 also has 
an area for storing the history of logical addresses used for 
reading data (the history of logical addresses associated with 
read data). Details of the second storage unit 113 will be 
described later. The second storage unit 113 may be nonvola 
tile so that data stored in the second storage unit 113 will not 
be lost even when power is cut off. For example, when the first 
storage unit 120 is a NAND flash memory, the second storage 
unit 113 can be an MRAM, a PCRAM, an ReRAM, an 
FeRAM or the like. 
0032. The memory controller 114 is a hardware module 
having functions of writing data Supplied from the host device 
200 into the first storage unit 120 and reading data stored in 
the first storage unit 120 under the control by the device 
controller 112. Detailed functions of the memory controller 
114 will be described later. 

0033. Next, detailed functions of the device controller 112 
will be described. FIG. 3 is a block diagram illustrating an 
exemplary functional configuration of the device controller 
112. As illustrated in FIG. 3, the device controller 112 
includes a receiving unit 101, a write control unit 102, and a 
read control unit 103. The receiving unit 101 receives 
requests from the host device 200. 
0034. When a write request is received by the receiving 
unit 101, the write control unit 102 performs control (may 
also be referred to as “write control') of writing information 
containing data requested to be written (data contained in the 
write request; hereinafter may also be referred as “data to be 
written’) into the first storage unit 120. As will be described 
later, information on which write control is to be performed 
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may contain a logical address added to the data to be written 
in addition to the predetermined redundant information. In 
the present embodiment, the write control unit 102 generates 
a write command instructing to perform writing, adds infor 
mation (information on which write control is to be per 
formed) containing data to be written and a physical address 
indicating an area in the first storage unit 120 where the data 
to be written is to be written to the generated write command, 
and transmits the write command to the memory controller 
114. Note that writing of the information including data and 
redundant information into the first storage unit 120 is per 
formed in ascending order of pages regardless of the logical 
addresses. 

0035. In a case where the size of the data to be written is 
smaller than a threshold, the write control unit 102 performs 
control of adding the logical address (the logical address used 
for reading data) stored in the second storage unit 113 to the 
data to be written and write the resulting data into the first 
storage unit 120. More specifically, in a case where the size of 
the data to be written is Smaller than the page size represent 
ing the unit for writing, the write control unit 102 performs 
control of adding the logical address stored in the second 
storage unit 113 to the data to be written and write the result 
ing data into the first storage unit 120. Still more specifically, 
in a case where the proportion of the data to be written in a 
page (the proportion of the data to be written with respect to 
the page size) is smaller than 50%, the write control unit 102 
performs control of adding the logical address stored in the 
second storage unit 113 to the data to be written so that there 
will be no empty area other than the area for the redundant 
part in the page, append at least an offset representing infor 
mation allowing the length of the data to be written to be 
obtained into the redundant part, and write the resulting data 
into the first storage unit 120. In this case, the information on 
which write control is to be performed includes the data to be 
written having a size Smaller than the threshold, the logical 
address added to the data to be written, and the redundant 
information (at least containing an offset) described in the 
redundant part. 
0036 Furthermore, the write control unit 102 performs 
control of updating logical-to-physical translation informa 
tion indicating an association between the logical address 
specified by the host device 200 and the physical address 
indicating the position in the first storage unit 120 each time 
the write control unit 102 performs the write control. More 
specifically, the write control unit 102 performs control of 
newly adding the logical address contained in the write 
request received from the host device 200 and the physical 
address indicating the position (area) in the first storage unit 
120 into which the data to be written is written in association 
with each other to the logical-to-physical translation infor 
mation each time the write control unit 102 performs the write 
control. In this example, the logical-to-physical translation 
information has a data structure in a form of a table and the 
body thereof is stored in the first storage unit 120. For per 
forming logical-to-physical translation, the logical-to-physi 
cal translation information is read into the second storage unit 
113 and used. In the following description, the logical-to 
physical translation information in the present embodiment 
will be referred to as a “logical-to-physical translation table' 
(may also be referred to as an “L2P table'). In the present 
embodiment, the content of the logical-to-physical transla 
tion table is updated each time write control is performed by 
the write control unit 102. 
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0037 Next, functions of the read control unit 103 will be 
described. When a read request is received by the receiving 
unit 101, the read control unit 103 performs control (herein 
after may also referred to as “first read control') of referring 
to the logical-to-physical translation table to identify the 
physical address associated with the logical address con 
tained in the read request (performs logical-to-physical trans 
lation), and control of reading out information stored in the 
location indicated by the identified physical address. In the 
present embodiment, the read control unit 103 generates a 
read command to instruct the memory controller 114 to per 
form reading, adds the physical address obtained by the logi 
cal-to-physical translation to the generated read command, 
and transmits the read command to the memory controller 
114. Then, the read control unit 103 can receive the informa 
tion read out from the first storage unit 120 by the memory 
controller 114 as a response to the read command. 
0038. When a logical address added to the data by the 
write control unit 102 is contained in the information read 
according to the first read control, the read control unit 103 
refers to the logical-to-physical translation table to identify 
the physical address associated with the logical address added 
to the data by the write control unit 102. In the present 
embodiment, the read control unit 103 refers to the offset 
contained in the information read according to the first read 
control, and obtains the logical address added to the data in 
writing from part of the read information other than the data 
and the redundant part if it is determined that the data length 
is smaller than the threshold (in this example, if it is deter 
mined that the proportion of the data length with respect to the 
page is smaller than 50%). The read control unit 103 then 
refers to the logical-to-physical translation table to identify 
the physical address associated with the obtained logical 
address. 

0039. The read control unit 103 performs control (herein 
after may also referred to as “second read control') of reading 
information stored at the position in the first storage unit 120 
indicated by the physical address identified as described 
above. In the present embodiment, the read control unit 103 
generates a read command to instruct the memory controller 
114 to perform reading, adds the physical address identified 
as described above to the generated read command, and trans 
mits the read command to the memory controller 114. The 
read control unit 103 can receive the information read out 
from the first storage unit 120 by the memory controller 114 
as a response to the read command. The read control unit 103 
then performs control of storing the data contained in the 
information read out according to the second read control and 
the logical address in association with each other into the 
second storage unit 113. 
0040. Accordingly, a physical address used for second 
read control and data are stored in association with each other 
into the second storage unit 113 each time the second read 
control is performed. In the following description, a combi 
nation of a logical address used in second read control and 
data associated with the logical address stored in the second 
storage unit 113 may be referred to as cache data. 
0041. When a logical address matching the logical address 
contained in the read request received by the receiving unit 
101 and data are stored in association with each other in the 
second storage unit 113, the read control unit 103 performs 
third read control of reading the data associated with the 
logical address matching the logical address contained in the 
read request from the second storage unit 113. In other words, 
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when there is cache data containing a logical address match 
ing the logical address contained in the read request is present 
among one or more cache data stored in the second storage 
unit 113, the read control unit 103 performs control of reading 
data contained in the cache data. In this case, the read control 
unit 103 need not perform control of reading outdata from the 
first storage unit 120, which can increase the reading speed. 
0042. Furthermore, each time the read control unit 103 
performs first read control, the read control unit 103 at least 
performs control of storing the logical address used in first 
read control into the second storage unit 113. For example, 
the read control unit 103 can also store the logical address 
used in the first read control and the data read according to the 
first read control in association with each other with in the 
capacity of the second storage unit 113 (for example, a third 
storage unit 130, which will be described later). 
0043. Furthermore, when storing a logical address used in 
the first read control or the second read control into the second 
storage unit 113, the read control unit 103 also stores time 
information indicating the time at which the information is 
read from the first storage unit 120 in association therewith. 
Accordingly, in the present embodiment, the second storage 
unit 113 stores time information indicating the time at which 
reading is performed (the time at which the first read control 
or the second read control is performed) in association with 
each logical address used in the first read control or the second 
read control. More specific details of the second storage unit 
113 will be described later. 

0044. In a case where the size of the data to be written is 
smaller than a threshold, the aforementioned write control 
unit 102 selects a logical address used for reading within a 
predetermined time period by the read control unit 103 before 
writing of the data to be written is requested (before the write 
request is received) from among logical addresses stored in 
the second storage unit 113 and adds the selected logical 
address to the data to be written. More specifically, in a case 
where the size of the data to be written is smaller than the 
threshold, the write control unit 102 selects a logical address 
associated with time information indicating time contained in 
the predetermined time period from among the logical 
addresses stored in the second storage unit 113 and adds the 
selected logical address to the data to be written. 
0045 More specific details are as follows. In the present 
embodiment, as illustrated in FIG. 4, the second storage unit 
113 includes the third storage unit 130 and a fourth storage 
unit 140. The third storage unit 130 stores time information 
indicating the time at which reading is performed according 
to the first read control in association with each logical 
address used in the first read control. The fourth storage unit 
140 stores data read according to the second read control and 
time information indicating the time at which reading is per 
formed according to the second read control in association 
with each logical address used in the second read control. In 
a case where the size of the data to be written is smaller than 
the threshold, the write control unit 102 then selects a logical 
address (which may be a logical address used in the first read 
control or a logical address used in the second read control) 
associated with time information indicating time within the 
predetermined time period from among logical addresses 
stored in the third storage unit 130 and the fourth storage unit 
140 and adds the selected logical address to the data to be 
written. 
0046) Note that the predetermined time period may be set 
to any time period such as a time period from a time point that 
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is a preset time before a write request point representing the 
time point at which a write request from the host device 200 
is received by the receiving unit 101 to the write request point. 
0047. In addition, the length of the predetermined time 
period may be set to any length. For example, however, even 
if the history of logical addresses used for reading after the 
power of the device 100 is turned on is saved and a logical 
address used for reading long before writing the data to be 
written (data requested to be written) Smaller than the page 
size is added to the data to be written and written therewith, 
the correlation therebetween may be too small to produce 
Sufficient effects of look-ahead. As a specific example, in a 
case of Smart phones, since the time during which a Smart 
phone is used in a day is, statistically, most often 50 minutes 
or shorter, it can be deemed that data read at an interval of 50 
minutes or shorter before writing (a write request time point, 
for example) is strongly correlated with the data to be written. 
Accordingly, if a logical address associated with the data read 
at an interval of 50 minutes or shorter before writing is added 
to the data to be written and written therewith, data strongly 
correlated with the data to be written can be efficiently read 
out. In a case of PCs, for example, since the time during which 
a PC is used in a day is, statistically, shorter than three hours 
in the majority of cases, if a logical address associated with 
data at an interval shorter than three hours is added to the data 
to be written smaller than the page sized and written there 
with, data strongly correlated with the data to be written can 
be efficiently read out. 
0048. In addition, for example, each time the write control 
performs write control, the write control unit 102 can perform 
control of storing a logical address contained in a write 
request and time information indicating the time at which the 
writing according to the write control in association with each 
other into the third storage unit 130. In this case, a time period 
from a time point when previous writing is performed (a time 
point when a previous write request is received by the receiv 
ing unit 101, for example) to a time point when the latest 
writing is performed can be set as the predetermined time 
period. 
0049. In the present embodiment, the device controller 
112 includes a CPU or the like, for example, and the functions 
of the receiving unit 101, the write control unit 102, and the 
read control unit 103 are realized by executing programs 
stored in a ROM or the like, which is not illustrated, by the 
CPU. Alternatively, for example, at least some of the receiv 
ing unit 101, the write control unit 102, and the read control 
unit 103 may be realized by dedicated hardware circuits. 
0050. Next, the functions of the memory controller 114 
will be described. FIG. 5 is a block diagram illustrating an 
exemplary functional configuration of the memory controller 
114. As illustrated in FIG. 5, the memory controller 114 
includes a command receiving unit 104, a correcting unit 105. 
a writing unit 106, and a reading unit 107. 
0051. The command receiving unit 104 receives a com 
mand (a write command or a read command) transmitted 
from the device controller 112. The correcting unit 105 per 
forms an encoding process on information added to a write 
command received by the command receiving unit 104 (infor 
mation on which write control is to be performed by the write 
control unit 102). In this example, the correcting unit 105 
performs a process of adding redundant information (called 
parity when the parity of data bits is utilized) for performing 
an error correction process (ECC process) of bits on the 
information to be written into the first storage unit 120. The 
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correcting unit 105 also performs an error correction process 
(ECC process) on information read out from the first storage 
unit 120 by the reading unit 107, which will be described later. 
Herein, the second storage unit 113 further has a work area for 
the encoding process performed by the correcting unit 105. 
The second storage unit 113 further has a work area for the 
error correction process performed by the correcting unit 105. 
Thus, the second storage unit 113 also functions as a working 
memory for the encoding process and the error correction 
process performed by the correcting unit 105. 
0052. The writing unit 106 writes the information into the 

first storage unit 120 according to the write command 
received by the command receiving unit 104. More specifi 
cally, the writing unit 106 write information encoded by the 
correcting unit 105 into an area in the first storage unit 120 
indicated by a physical address added to the write command. 
The reading unit 107 reads out information from the first 
storage unit 120 according to a read command received by the 
command receiving unit 104. More specifically, the reading 
unit 107 reads out information stored in an area in the first 
storage unit 120 indicated by a physical address added to the 
read command. The information read out by the reading unit 
107 is decoded through an error correction process performed 
by the correcting unit 105, and the decoded information is 
transmitted to the device controller 112 (the read control unit 
103) as a response to the read command. 
0053. In the present embodiment, the memory controller 
114 is a hardware module and the command receiving unit 
104, the correcting unit 105, the writing unit 106, and the 
reading unit 107 are realized by dedicated hardware circuits. 
Alternatively, for example, the memory controller 114 may 
include a CPU or the like, and at least some functions of the 
command receiving unit 104, the correcting unit 105, the 
writing unit 106, and the reading unit 107 may be realized by 
executing programs stored in a ROM or the like, which is not 
illustrated, by the CPU. 
0054 Next, an example of control performed by the write 
control unit 102 described above will be described with ref 
erence to FIG. 6. FIG. 6 is a flowchart illustrating an example 
of the control performed by the write control unit 102. In this 
example, description will be made on the assumption that a 
write request from the host device 200 is received by the 
receiving unit 101. As illustrated in FIG. 6, the write control 
unit 102 checks whether or not the size of data (data to be 
written) contained in the write request is smaller than the 
threshold (step S1). In the present embodiment, the write 
control unit 102 checks whether or not the proportion of the 
data to be written in a page is smaller than 50% as described 
above. If it is determined that the size of the data to be written 
is equal to or larger than the threshold (step S1: NO), the 
process proceeds to step S6, which will be described later. 
0055. If it is determine in step S1 that the size of the data to 
be written is smaller than the threshold (step S1: YES), the 
write control unit 102 calculates the size of the empty area 
(step S2). Subsequently, the write control unit 102 checks 
whether or not the calculated size of the empty area is equal to 
or larger than a threshold (step S3). This threshold is set to a 
value allowing determination on whether or not the size of an 
empty area is equal to or larger than the size of at least one 
logical address. If it is determined that the calculated size of 
the empty area is smaller than the threshold (step S3: NO), the 
process proceeds to step S6, which will be described later. 
0056. If, on the other hand, it is determined that the calcu 
lated size of the empty area is equal to or larger than the 
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threshold (step S3: YES), the write control unit 102 obtains 
(selects) a logical address associated with time information 
indicating time within the predetermined time period from 
among logical addresses stored in the second storage unit 113 
(step S4). In the present embodiment, the write control unit 
102 selects logical addresses each associated with time infor 
mation indicating time within the predetermined time period 
from among logical address stored in the third storage unit 
130 and the fourth storage unit 140 sequentially from the 
logical address associated with the earliest time within the 
calculated size of the empty area. 
0057 Subsequently, the write control unit 102 adds one or 
more logical addresses selected in step S4 to the data to be 
written (step S5). Subsequently, the write control unit 102 
appends a logical address contained in the write request 
received by the receiving unit 101 and an offset allowing the 
data length of the data to be written to be obtained into the 
redundant part representing an area for redundant data in the 
page size that is the unit for writing (step S6). Subsequently, 
the write control unit 102 generates a write command 
instructing the memory controller 114 to perform writing, 
adds information on which write control is to be performed 
and a physical address indicating the position in the first 
storage unit 120 at which the data to be written is to be written 
to the generated write command, and transmits the write 
command to the memory controller 114 (step S7). The 
memory controller 114 in receipt of the write command from 
the write control unit 102 then writes the information into the 
first storage unit 120 according to the received write com 
mand. When writing according to the received write com 
mand is completed, the memory controller 114 transmits 
notification information informing that writing is completed 
as a response to the write command to the write control unit 
102. This allows the write control unit 102 to know that the 
writing is completed. 
0.058 Subsequently, the write control unit 102 updates the 
logical-to-physical translation table (L2P table) (step S8). As 
described above, in the present embodiment, the write control 
unit 102 performs control of newly adding the logical address 
contained in the write request received by the receiving unit 
101 and the physical address indicating the position in the first 
storage unit 120 at which the data to be written is written in 
association with each other into the logical-to-physical trans 
lation table. 
0059 Next, an example of control performed by the read 
control unit 103 described above will be described with ref 
erence to FIG. 7. FIG. 7 is a flowchart illustrating an example 
of the control performed by the read control unit 103. In this 
example, description will be made on the assumption that a 
read request from the host device 200 is received by the 
receiving unit 101. As illustrated in FIG. 7, the read control 
unit 103 first checks whether or not a logical address match 
ing the logical address contained in the read request and data 
are stored in association with each other in the second storage 
unit 113 (step S10). In the present embodiment, the read 
control unit 103 checks whether or not cache data containing 
the logical address contained in the read request is stored in 
the fourth storage unit 140 as described above. 
0060. If it is determined in step S10 that a logical address 
matching the logical address contained in the read request and 
data are stored in association with each other in the second 
storage unit 113 (step S10: YES), that is, if it is determined 
that cache data containing the logical address contained in the 
read request is present, the read control unit 103 reads out the 
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data associated with the logical address matching the logical 
address contained in the read request from the second storage 
unit 113, and transmits the read data as a response to the read 
request to the host device 200 (step S11). The processing in 
step S11 corresponds to the third read control. If, on the other 
hand, it is determined in step S10 that a logical address 
matching the logical address contained in the read request and 
data are not stored in association with each other in the second 
storage unit 113 (step S10:NO), that is, if it is determined that 
cache data containing the logical address contained in the 
read request is not present, the process proceeds to step S12. 
0061. In step S12, the read control unit 103 refers to the 
logical-to-physical translation table to identify the physical 
address associated with the logical address contained in the 
read request (step S12). Subsequently, the read control unit 
103 generates a read command to instruct the memory con 
troller 114 to perform reading, adds the physical address 
identified in step S12 to the generated read command, and 
transmits the read command to the memory controller 114 
(step S13). The memory controller 114 in receipt of the read 
command reads out information from the first storage unit 
120 and transmits the read information to the read control unit 
103 according to the received read command. Thus, the read 
control unit 103 receives the information read out by the 
memory controller 114 as a response to the read command 
(step S14). 
0062. The processing in steps S12 to S14 corresponds to 
the first read control. Subsequently, the read control unit 103 
refers to the offset contained in the information read out 
according to the first read control of checking whether or not 
the data length is smaller than the threshold (step S15). In the 
present embodiment, the read control unit 103 checks 
whether or not the proportion of the data length in a page is 
smaller than 50% as described above. If it is determined that 
the data length is equal to or larger than the threshold (step 
S15: NO), the read control unit 103 transmits data contained 
in the information read out according to the first read control 
as a response to the read request to the host device 200 (step 
S16). 
0063) If, on the other hand, it is determined in step S15 that 
the data length is smaller than the threshold (step S15:YES), 
the read control unit 103 obtains a logical address added to the 
data in writing from the part other than the data and the 
redundant part of the information read out according to the 
first read control (step S17). In the present embodiment, the 
read control unit 103 may also transmit data smaller than the 
threshold contained in the information read out according to 
the first read control as a response to the read request to the 
host device 200 in parallel with the processing in step S17. 
Note that the timing at which the data smaller than the thresh 
old contained in the information read out according to the first 
read control is transmitted to the host device 200 can be 
alternatively changed to any timing. 
0064 Subsequently, the read control unit 103 refers to the 
logical-to-physical translation table to identify a physical 
address associated with each of the one or more logical 
addresses obtained in step S17 (step S18). Subsequently, the 
read control unit 103 generates a read command to instruct the 
memory controller 114 to perform reading, adds the physical 
address identified in step S18 to the generated read command, 
and transmits the read command to the memory controller 
114 (step S19). The memory controller 114 in receipt of the 
read command reads out information from the first storage 
unit 120 and transmits the read information to the read control 
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unit 103 according to the received read command. Thus, the 
read control unit 103 receives the information read out by the 
memory controller 114 as a response to the read command 
(step S20). 
0065. The processing in steps S17 to S20 corresponds to 
the second read control. After step S20, the read control unit 
103 performs control of storing the data contained in the 
information received by the memory controller 114 (the 
information read out according to the second read control) 
and the logical address in association with each other into the 
second storage unit 113 (the fourth storage unit 140) (step 
S21). As a result, cache data read ahead is newly added to the 
fourth storage unit 140. 
0066. According to the present embodiment, since the 
logical address used for reading (the logical address associ 
ated with read data) is added to the data to be written and 
written therewith into the first storage unit 120 in a case where 
the size of the data to be written is smaller than the threshold 
as described above, it is possible to prevent a wasteful empty 
area from being produced in the first storage unit 120 to which 
the data is written. 
0067. In the present embodiment, a logical address used 
for reading within a predetermined time period before the 
time at which writing of data to be written is requested is 
employed as the logical address to be added to the data to be 
written smaller than the threshold. Then, when reading of the 
written data smaller than the threshold is requested after the 
data is written into the first storage unit 120, the logical 
address added in writing is also read out together with the 
written data. Since data associated with the read logical 
address is then read out (read ahead) from the first storage unit 
120 and held in the second storage unit 113 as cache data 
associated with the logical address, when there is a request for 
reading data read ahead, it is possible to transmit the data to 
the host device 200 without accessing to the first storage unit 
120. Thus, according to the present embodiment, it is possible 
to produce an advantageous effect that data strongly corre 
lated with written data can be efficiently read out while pre 
venting a wasteful empty area to be produced in the first 
storage unit 120. 
0068 Modification 1 of First Embodiment 
0069. A mode in which a logical address contained in 
cache data read ahead, for example, is not added to data to be 
written smaller than the threshold may be applied. In this 
case, since the fourth storage unit 140 need not hold time 
information, the fourth storage unit 140 only needs to store 
the logical address used in the second read control and data 
read out according to the second read control in association 
with each other. In a case where the size of the data to be 
written is smaller than the threshold, the write control unit 
102 then performs control of selecting a logical address asso 
ciated with time information indicating time within the pre 
determined time period from among logical addresses stored 
in the third storage unit 130 and add the selected logical 
address to the data to be written. 
0070 Modification 2 of First Embodiment 
(0071. The third storage unit 130 may be a FIFO (first-in 
first-out) memory, for example. Thus, when the storage 
amount of logical addresses exceeds the capacity of the third 
storage unit 130, the logical addresses are deleted sequen 
tially from the oldest one. 
0072 Modification 3 of First Embodiment 
(0073. A mode in which a buffer memory 150 is provided 
separately from the second storage unit 113 (separately from 
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the controller chip 110) as illustrated in FIG.8 may be applied 
So as to reserve a sufficient working area for storing various 
computation results from the device controller 112 and the 
memory controller 114, for example. In the example of FIG. 
8, the buffer memory 150 is connected to the bus 115 in the 
controller chip 110. When the second storage unit 113 is an 
SRAM and the buffer memory 150 is a DRAM, for example, 
the logical-to-physical translation table stored in the first 
storage unit 120 may be temporarily transferred to the buffer 
memory 150 and part thereof may then be transferred to the 
second storage unit 113 for use since the access speed (read 
ing/writing speed) of the SRAM is higher than that of the 
DRAM. 

Second Embodiment 

0.074 Next, a second embodiment will be described. Parts 
that are the same as those in the first embodiment described 
above will be designated by the same reference numerals and 
description thereof will not be repeated as appropriate. A 
semiconductor storage device according to the second 
embodiment has a search function in addition to the write? 
read functions described in the first embodiment. The search 
scheme and method will be described below before descrip 
tion of the semiconductor storage device according to the 
second embodiment. 

0075 For effectively retrieving data such as a text associ 
ated with another text, a specific bit pattern in a binary file, a 
specific pattern in a video file and a distinctive audio pattern 
in an audio file that are stored in a semiconductor Storage 
device, a data read function specifying data is desired. 
Accordingly, a method of storing data with metadata associ 
ated therewith in advance and referring to the metadata so as 
to obtain desired data is used. One method for managing 
metadata is a key-value store (KVS) in which data have 
one-to-one or one-to-many relationships. In the KVS, when a 
key is Supplied as a search request, a value associated there 
with is then output. 
0076. The semiconductor storage device in the second 
embodiment processes KVS data (key-value information) 
efficiently and at a high speed by using an address translation 
table. This address translation table is referred to as a K2P 
table that is a translation table between fixed-length addresses 
(key addresses) obtained from keys and physical addresses. A 
specific example of processing for retrieving KVS data will 
be described below. In general, the KVS refers to a database 
management technique in which sets of keys and values are 
written allowing a value to be read out by specifying a key. In 
general, the KVS is often used over a network. The storage of 
data is inevitably a certain local memory or a certain storage 
system. 
0077. Data is usually read by specifying the top address of 
the memory in which the data is stored and the data length. 
Data addresses are managed in units of a 512-byte sector, for 
example, by an OS or a file system of the host system. Alter 
natively, if the file system need not be limited, data addresses 
may be managed in units of 4-KB or 8-KB in conformity with 
the read/write page size of the NAND flash memory, for 
example. 
0078. The simplest search procedures are as the following 
(1) to (3). 
(1) Convertakey to fixed-length data by a hash function or the 
like and translate the fixed-length data to an address of an 
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available memory to obtain a fixed-length address. Set the 
fixed-length address resulting from the translation to a key 
address. 

(2) Refer to a K2P table saved in NAND flash memory to 
obtain a physical address. 
(3) Read data at the physical address and output the read data 
to outside of the memory system. 
0079. Such relationships between real data addresses and 
KVS data and relationships between keys and values corre 
spond to relationships between elements and sets. Specifi 
cally, in a typical file, when a file with a file name of “a-file. 
txt is a set and there is text data of “This is a book” in the file, 
for example, each word thereof is an element. 
0080. In the case of key/value, when placed in a metadata 
address space, the relationships between sets and elements 
are reversed and rearranged. That is, the relationships may be 
converted to “inverted relationships and saved. For example, 
in a set of “book’, file names of "a-file.txt and "b-file.txt are 
saved as elements. In the case of key/value, the rearranged set 
name (“book”) is searched for and elements (“a-file.txt. 
“b-file.txt”) thereofare requested. These are practically pro 
cedures of creation of inverted files and search typically per 
formed in full-text search, which can be said to be one prac 
tical example of key/value. 
I0081 For manufacturing a searcher and storage in the 
KVS method using K2P as described above, it is desirable to 
provide a nonvolatile buffer memory for storage in response 
to a search request. Furthermore, since the K2P table is read 
out from the NAND flash memory and expanded in the buffer 
memory, the buffer memory is desirably nonvolatile so as to 
be ready for sudden power cut-off. In practice, it is rare that 
the number of search requests is one but a plurality of search 
results are processed in a device. It is thus desirable to provide 
a high-speed nonvolatile buffer memory for efficiently per 
forming search operation, that is, set operation Such as AND, 
OR, and NOT. Since a search request must certainly be saved 
in the nonvolatile buffer until data processing is completed, a 
nonvolatile memory having long-term reliability is desirable. 
I0082 Specific details of the semiconductor storage device 
according to the second embodiment will be described below. 
Since the basic configuration is similar to that of the device 
100 according to the first embodiment, the part relating to the 
search function will mainly be described. 
I0083 FIG. 9 is a block diagram illustrating an exemplary 
functional configuration of a device controller 210 according 
to the second embodiment, in which only the part relating to 
the search function is illustrated. As illustrated in FIG. 9, the 
device controller 210 includes a receiving unit 211, a second 
write control unit 212, and a search control unit 213. In this 
example, the second write control unit 212 corresponds to a 
“write control unit' in claim 11. 

I0084. A second storage unit 220 of the second embodi 
ment stores a key address used for searching for data associ 
ated with a key specified by the host device 200 from among 
data stored in the first storage unit 120. Details of the second 
storage unit 220 will be described later. 
I0085. A memory controller 250 according to the second 
embodiment performs writing and reading of information 
into and from the first storage unit 120 under the control of the 
device controller 210 similarly to the first embodiment. Since 
the functions of the memory controller 250 are substantially 
the same as in the first embodiment, detailed description 
thereof will not be repeated here. 
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I0086) Referring back to FIG. 9, description will be made 
on the functions of the device controller 210. The receiving 
unit 211 receives requests from the host device 200. Here, the 
receiving unit 211 receives a key-value write request request 
ing to write a combination of data and a key representing 
metadata associated with the data, a search request requesting 
to search for data associated with a specified key, a set opera 
tion condition for narrowing search results, and the like. A 
key-value write request contains information requesting to 
perform writing and a combination of key and data (a set of 
key-value), and a search request contains information 
requesting to perform a search and a key specified by the host 
device 200. 

0087 Next, functions of the second write control unit 212 
will be described. When a key-value write request is received 
by the receiving unit 211, the second write control unit 212 
hashes a key contained in the key-value write request to 
convert the key into a key address made of fixed-length data. 
The second write control unit 212 then performs control 
(hereinafter may be referred to as “second write control') of 
writing information containing data (hereinafter may be 
referred to as “value data to be written’) contained in the 
key-value write request into the first storage unit 120. As will 
be described later, information on which second write control 
is to be performed may contain a key address added to the 
value data to be written in addition to predetermined redun 
dant information. In the second embodiment, the second 
write control unit 212 generates a write command instructing 
to perform writing, adds information (information on which 
second write control is to be performed) containing value data 
to be written and a physical address indicating an area in the 
first storage unit 120 where the value data to be written is to be 
written to the generated write command, and transmits the 
write command to the memory controller 250. 
0088. In a case where the size of the value data to be 
written is smaller than a threshold, the second write control 
unit 212 performs control of adding a key address stored in 
the second storage unit 220 (a key address used for searching 
for data related to the key specified by the host device 200) to 
the value data to be written and write the resulting value data 
into the first storage unit 120. In the second embodiment, in a 
case where the proportion of the value data to be written in a 
page is smaller than 50%, the second write control unit 212 
performs control of adding the key address stored in the 
second storage unit 220 to the value data to be written so that 
there will be no empty area other than the area for the redun 
dant part in the page, append at least an offset representing 
information allowing the length of the value data to be written 
to be obtained into the redundant part, and write the resulting 
data into the first storage unit 120. In this case, the informa 
tion on which the second write control is to be performed 
includes the value data to be writtenhaving a size Smaller than 
the threshold, the key address added to the value data to be 
written, and the redundant information (at least containing an 
offset) described in the redundant part. 
0089. Furthermore, the second write control unit 212 per 
forms control of updating address translation information 
(hereinafter may also referred to as a “K2P table') indicating 
an association between a key address obtained by converting 
a key specified by the host device 200 and a physical address 
indicating a position in the first storage unit 120 each time the 
second write control unit 212 performs the second write con 
trol. More specifically, the second write control unit 212 
performs control of newly adding the key address obtained by 
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converting the key contained in the key-value write request 
received from the host device 200 and the physical address 
indicating the position in the first storage unit 120 into which 
the value data to be written is written in association with each 
other to the K2Ptable each time the second write control unit 
212 performs the second write control. In this example, the 
body of the K2Ptable is stored in the first storage unit 120. For 
performing address translation (K2P translation), the K2P 
table is read into the second storage unit 220 and used. The 
content of the K2Ptable is updated each time the second write 
control is performed by the second write control unit 212. 
0090 Next, functions of the search control unit 213 will be 
described. When a search request is received by the receiving 
unit 211, the search control unit 213 hashes a key contained in 
the search request to convert the key into a key address made 
of fixed-length data. The search control unit 213 then per 
forms control (hereinafter may be referred to as “first search 
control') of referring to the K2P table to identify a physical 
address associated with the key address (performs K2P trans 
lation), and control of reading out information stored at the 
position indicated by the identified physical address. In the 
present embodiment, the search control unit 213 generates a 
search command to instruct the memory controller 250 to 
perform a search, adds the physical address obtained by the 
K2P translation to the generated search command, and trans 
mits the search command to the memory controller 250. 
Then, the search control unit 213 can receive the information 
read out from the first storage unit 120 by the memory con 
troller 250 as a response to the search command. 
0091. When a set operation condition is received together 
with a plurality of search requests from the host device 200, 
for example, the search control unit 213 may perform set 
operation on a set of data contained in the information read 
out from the first storage unit 120 by using the key addresses 
obtained by converting keys in the respective search requests 
according to the received set operation condition to narrow 
the search results. Note that a mode in which this function of 
performing set operation is implemented by the memory con 
troller 250 instead of the device controller 210 may be 
applied, for example. 
0092. When a key address added to data by the second 
write control unit 212 is contained in the information read out 
according to the first search control, the search control unit 
213 refers to the K2P table to identify the physical address 
associated with the key address added to the data by the 
second write control unit 212. In the present embodiment, the 
search control unit 213 refers to the offset contained in the 
information read out according to the first search control, and 
obtains the key address added to the data in writing from the 
part other than the data and the redundant part of the infor 
mation read out according to the first search control if it is 
determined that the data length is smaller than the threshold. 
The search control unit 213 then refers to the K2P table to 
identify the physical address associated with the obtained key 
address. 

0093. The search control unit 213 performs control (here 
inafter may be referred to as “second search control') of 
reading out information stored at a position in the first storage 
unit 120 indicated by the physical address identified as 
described above. In the present embodiment, the search con 
trol unit 213 generates a search command to instruct the 
memory controller 250 to perform a search, adds the physical 
address identified as described above to the generated search 
command, and transmits the search command to the memory 
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controller 250. The search control unit 213 can receive the 
information read out from the first storage unit 120 by the 
memory controller 250 as a response to the search command. 
The search control unit 213 then performs control of storing 
the data contained in the information read out according to the 
second search control described above and the key address in 
association with each other into the second storage unit 220. 
0094. Accordingly, each time the second search control is 
performed, search cache data containing a key address used 
for the second search control and data in association with each 
other is stored into the second storage unit 220. 
0095. When search cache data containing a key address 
matching the key address obtained by converting the key 
contained in the search request received by the receiving unit 
211 is present in the second storage unit 220, the search 
control unit 213 performs control of reading out data con 
tained in the search cache data containing the key address 
obtained by converting the key contained in the search 
request. In this case, the search control unit 213 need not 
perform control of reading out data from the first storage unit 
120, which can increase the reading speed. 
0096. Furthermore, each time the search control unit 213 
performs the first search control, the search control unit 213 at 
least performs control of storing the key address used in first 
search control into the second storage unit 220. 
0097. Furthermore, when storing a key address used in the 

first search control or the second search control into the sec 
ond storage unit 220, the search control unit 213 also stores 
time information indicating the time at which the information 
is read from the first storage unit 120 in association therewith. 
Accordingly, the second storage unit 220 stores time infor 
mation indicating the time at which reading is performed in 
association with each key address used in the first search 
control or the second search control. More specific details of 
the second storage unit 220 will be described later. 
0098. In a case where the size of value data to be written is 
smaller than a threshold, the aforementioned write control 
unit 212 selects a key address used for searching within a 
predetermined time period before writing of the value data to 
be written is requested from among key addresses stored in 
the second storage unit 220 and adds the selected key address 
to the value data to be written. 
0099 More specific details are as follows. FIG. 10 is a 
block diagram illustrating an exemplary functional configu 
ration of the second storage unit 220 according to the second 
embodiment, in which only the part relating to the search 
function is illustrated. As illustrated in FIG. 10, the second 
storage unit 220 includes a fifth storage unit 230 and a sixth 
storage unit 240. The fifth storage unit 230 stores time infor 
mation indicating the time at which reading is performed 
according to the first search control in association with each 
key address used in the first search control. The sixth storage 
unit 240 stores data read out according to the second search 
control and time information indicating the time at which 
reading is performed according to the second search control 
in association with each key address used in the second search 
control. In a case where the size of the value data to be written 
is smaller than the threshold, the second write control unit 212 
then selects a key address associated with time information 
indicating time within the predetermined time period from 
among key addresses stored in the fifth storage unit 230 and 
the sixth storage unit 240 and adds the selected key address to 
the data. Alternatively, a mode in which a key address con 
tained in search cache data read ahead (a key address stored in 
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the sixth storage unit 240), for example, is not added to the 
value data to be written having a size smaller than the thresh 
old may be applied. 
0100 Next, an example of control performed by the sec 
ond write control unit 212 will be described with reference to 
FIG. 11. FIG. 11 is a flowchart illustrating an example of the 
control performed by the second write control unit 212. In this 
example, description will be made on the assumption that a 
key-value write request from the host device 200 is received 
by the receiving unit 211. As illustrated in FIG. 11, the second 
write control unit 212 checks whether or not the size of data 
(value data to be written) contained in the key-value write 
request received by the receiving unit 211 is smaller than the 
threshold (step S30). In this example, the second write control 
unit 212 checks whether or not the proportion of the value 
data to be written in a page is smaller than 50%. If it is 
determined that the size of the value data to be written is equal 
to or larger than the threshold (step S30: NO), the process 
proceeds to step S35, which will be described later. 
0101. If it is determine in step S30 that the size of the value 
data to be written is smaller than the threshold (step S30: 
YES), the second write control unit 212 calculates the size of 
the empty area (step S31). Subsequently, the second write 
control unit 212 checks whether or not the calculated size of 
the empty area is equal to or larger thana threshold (step S32). 
This threshold is set to a value allowing determination on 
whether or not the size of an empty area is equal to or larger 
than the size of at least one key address. If it is determined that 
the calculated size of the empty area is smaller than the 
threshold (step S32: NO), the process proceeds to step S35, 
which will be described later. 

0102) If, on the other hand, it is determined that the calcu 
lated size of the empty area is equal to or larger than the 
threshold (step S32: YES), the second write control unit 212 
obtains (selects) a key address associated with time informa 
tion indicating time within the predetermined time period 
from among key addresses stored in the second storage unit 
220 (step S33). 
0103 Subsequently, the second write control unit 212 
adds the one or more key addresses selected in step S33 to the 
value data to be written (step S34). Subsequently, the second 
write control unit 212 appends a key address obtained by 
converting a key contained in the key-value write request 
received by the receiving unit 211 and an offset allowing the 
data length of the value data to be written to be obtained into 
the redundant part (step S35). Subsequently, the second write 
control unit 102 generates a write command instructing the 
memory controller 250 to perform writing, adds information 
on which second write control is to be performed and a 
physical address indicating the position in the first storage 
unit 120 at which the value data to be written is to be written 
to the generated write command, and transmits the write 
command to the memory controller 250 (step S36). The 
memory controller 250 in receipt of the write command from 
the second write control unit 212 then writes the information 
into the first storage unit 120 according to the received write 
command. 

0104 Subsequently, the second write control unit 212 
updates the K2P table (step S37). In the second embodiment, 
the second write control unit 212 performs control of newly 
adding the key address obtained by converting the key con 
tained in the key-value write request received by the receiving 
unit 211 and the physical address indicating the position in the 
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first storage unit 120 into which the value data to be written is 
written in association with each other to the K2P table as 
described above. 

0105 Next, an example of control performed by the search 
control unit 213 will be described with reference to FIG. 12. 
FIG. 12 is a flowchart illustrating an example of the control 
performed by the search control unit 213. In this example, 
description will be made on the assumption that a set opera 
tion condition for narrowing search results is received 
together with a plurality of search requests from the host 
device 200. As illustrated in FIG. 12, the search control unit 
213 first checks whether or not search cache data containing 
a key address obtained by converting a key contained in a 
search request is stored in the second storage unit 220 (the 
sixth storage unit 240) (step S40). 
0106 If it is determined in step S40 that the search cache 
data containing the key address obtained by converting the 
key contained in the search request is stored in the second 
storage unit 220 (step S40: YES), the search control unit 213 
reads out data contained in the search cache data from the 
second storage unit 220. Here, if a set operation condition is 
not received by the receiving unit 211 (that is, in a case of a 
single search request), the search control unit 213 transmits 
the data read out from the second storage unit 220 as a 
response to the search request to the host device 200 and ends 
the process. Since, however, it is assumed in this example that 
a set operation condition is received by the receiving unit 211 
together with a plurality of search requests, the process pro 
ceeds to step S45, which will be described later. 
0107) If, on the other hand, it is determined in step S40 that 
no search cache data containing the key address obtained by 
converting the key contained in the search request is stored in 
the second storage unit 220 (step S40: NO), the process 
proceeds to step S41. In step S41, the search control unit 213 
refers to the K2P table to identify the physical address asso 
ciated with the key address obtained by converting the key 
contained in the search request (step S41). Subsequently, the 
search control unit 213 generates a search command to 
instruct the memory controller 250 to perform a search, adds 
the physical address identified in step S41 to the generated 
search command, and transmits the search command to the 
memory controller 250 (step S42). The memory controller 
250 in receipt of the search command reads out information 
from the first storage unit 120 and transmits the read infor 
mation to the search control unit 213 according to the 
received search command. Thus, the search control unit 213 
receives the information read out by the memory controller 
250 as a response to the search command (step S43). 
0108. The processing in steps S41 to S43 corresponds to 
the first search control. Subsequently, the search control unit 
213 refers to the offset contained in the information read out 
according to the first search control of checking whether or 
not the data length is smaller than the threshold (step S44). If 
no set operation condition is received by the receiving unit 
211 (in the case of a single search request), and if it is deter 
mined that the data length is equal to or larger than the 
threshold (step S44: NO), the search control unit 213 trans 
mits data contained in the information read out according to 
the first search control to the host device 200 as a response to 
the search request, and ends the process. Since, however, it is 
assumed in this example that a set operation condition is 
received by the receiving unit 211 together with a plurality of 
search requests, the process proceeds to step S45. In step S45, 
the search control unit 213 performs set operation on a set of 
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data contained in the information read out by using the key 
addresses obtained by converting keys in the respective 
search requests according to the received set operation con 
dition to narrow the search results. The search control unit 
213 then transmits the search results narrowed by the set 
operation to the host device 200 as a response to the search 
requests (step S46), and ends the process. 
0109) If, on the other hand, it is determined in step S44 that 
the data length is smaller than the threshold (step S44: YES), 
the search control unit 213 obtains a key address added to the 
data in writing from the part other than the data and the 
redundant part of the information read out according to the 
first search control (step S47). In the present embodiment, the 
search control unit 213 may also perform the processing in 
step S45 (set operation) by using the data smaller than the 
threshold contained in the information read out according to 
the first search control in parallel with the processing in step 
S47. If no set operation condition is received by the receiving 
unit 211 (in the case of a single search request), for example, 
the search control unit 213 transmits data smaller than the 
threshold contained in the information read out according to 
the first search control to the host device 200 as a response to 
the search request, and ends the process. 
0110. Subsequently, the search control unit 213 refers to 
the K2P table to identify the physical address associated with 
each of the one or more key addresses obtained in step S47 
(step S48). Subsequently, the search control unit 213 gener 
ates a search command to instruct the memory controller 250 
to perform a search, adds the physical address identified in 
step S48 to the generated search command, and transmits the 
search command to the memory controller 250 (step S49). 
The memory controller 250 in receipt of the search command 
reads out information from the first storage unit 120 and 
transmits the read information to the search control unit 213 
according to the received search command. Thus, the search 
control unit 213 receives the information read out by the 
memory controller 250 as a response to the search command 
(step S50). 
0111. The processing in steps S47 to S50 corresponds to 
the second search control. After step S50, the search control 
unit 213 then performs control of storing the data contained in 
the information received from the memory controller 250 (the 
information read out according to the second search control) 
and the key address in association with each other into the 
second storage unit 220 (the sixth storage unit 240) (step 
S51). As a result, cache data read ahead is newly added to the 
sixth storage unit 240. 
0112 The programs to be executed by the device control 
ler (112, 210) according to the embodiments described above 
may be stored on a computer system connected to a network 
such as the Internet, and provided by being downloaded via 
the network. Alternatively, the programs to be executed by the 
device controller (112, 210) according to the embodiments 
described above may be provided or distributed through a 
network such as the Internet. Still alternatively, the programs 
to be executed by the device controller (112, 210) according 
to the embodiments described above may be embedded on a 
nonvolatile recording medium such as a ROM or the like in 
advance and provided therefrom. 
0113. While certain embodiments have been described, 
these embodiments have been presented by way of example 
only, and are not intended to limit the scope of the inventions. 
Indeed, the novel embodiments described herein may be 
embodied in a variety of other forms; furthermore, various 
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omissions, Substitutions and changes in the form of the 
embodiments described herein may be made without depart 
ing from the spirit of the inventions. The accompanying 
claims and their equivalents are intended to cover Such forms 
or modifications as would fall within the scope and spirit of 
the inventions. 

1.-12. (canceled) 
13. A storage device, comprising: 
a first storage configured to store first data from a host 

device; 
a second storage configured to store a logical address for 

reading the first data in the first storage; and 
a controller configured to, when a size of first data 

requested to be written into the first storage by the host 
device is smaller than a threshold, perform control of 
generating second data by adding the logical address to 
the first data and control of writing the second data into 
the first storage. 

14. The device according to claim 13, further comprising: 
a receiver configured to receive a read request for request 

ing to read first data from the host device; 
a read controller configured to, when the receiver receives 

the read request, refer to logical-to-physical translation 
information indicative of an association between a 
physical address indicative of a position in the first stor 
age and a logical address to identify a physical address 
associated with a logical address contained in the read 
request, and perform first read control of reading out 
information stored at a position indicated by an identi 
fied physical address. 

15. The device according to claim 14, wherein: 
the read controller is configured to, when a logical address 

is contained in information read out according to the first 
read control, perform second read control of reading out 
information stored at a position indicated by a physical 
address associated with the logical address, and 

the read controller is configured to perform control of 
storing first data contained in information read out 
according to the second read control and the logical 
address in association with each other into the second 
Storage. 

16. The device according to claim 15, wherein the read 
controller is configured to, when a logical address matching 
the logical address contained in the read request received by 
the receiver and first data are stored in association with each 
other in the second storage, perform third read control of 
reading out first data associated with a logical address match 
ing the logical address contained in the read request from the 
second storage. 

17. The device according to claim 14, wherein the read 
controller is configured to perform control of storing at least 
a logical address used in the first read control into the second 
storage each time the read controller performs the first read 
control. 

18. The device according to claim 17, wherein the control 
ler is configured to, when a size of first data requested to be 
written is smaller than the threshold, select a logical address 
used for reading within a predetermined time period before 
the first data is requested to be written from among logical 
addresses stored in the second storage and generate second 
data by adding a selected logical address to the first data. 
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19. The device according to claim 18, wherein 
the second storage is configured to store time information 

indicative of time at which reading of information from 
the first storage is performed in association with each 
logical address, and 

the controller is configured to, when a size of first data 
requested to be written is smaller than the threshold, 
Selectalogical address associated with time information 
indicative of time contained in the predetermined time 
period from among the logical addresses stored in the 
second storage and generate second data by adding a 
Selected logical address to the first data. 

20. The device according to claim 19, wherein: 
the second storage includes: 

a third storage configured to store a logical address used 
in the first read control and the time information 
indicative of time at which reading according to the 
first read control is performed in association with each 
other, and 

a fourth storage configured to store a logical address 
used in the second read control, first data read out 
according to the second read control, and time infor 
mation indicative of time at which reading according 
to the second reading control is performed in associa 
tion with one another, and 

the controller is configured to, when a size of first data 
requested to be written is smaller than the threshold, 
Selectalogical address associated with time information 
indicative of time within the predetermined time period 
from among logical addresses stored in the third storage 
and the fourth storage and generate second data by add 
ing a selected logical address to first data requested to be 
written. 

21. The device according to claim 20, wherein the third 
storage is a FIFO memory. 

22. The device according to claim 19, wherein: 
the second storage includes 

a third storage configured to store a logical address used 
in the first read control and time information indica 
tive of time at which reading according to the first read 
control is performed in association with each other; 
and 

a fourth storage configured to store a logical address 
used in the second read control and first data read out 
according to the second read control in association 
with each other, and 

the controller is configured to, when a size of first data 
requested to be written is smaller than the threshold, 
Selectalogical address associated with time information 
indicative of time within the predetermined time period 
from among logical addresses stored in the third storage 
and generate second data by adding a selected logical 
address to first data requested to be written. 

23. The device according to claim 22, wherein the third 
storage is a FIFO memory. 

24. A storage device, comprising: 
a first storage configured to store first data from a host 

device; 
a second storage configured to store a key address for 

searching first data associated with a key specified by the 
host device; and 

a controller configured to, when a size of first data 
requested to be written into the first storage by the host 
device is smaller than a threshold, perform control of 
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generating second data by adding a key address stored in 
the second storage to the first data and writing generated 
second data into the first storage. 

k k k k k 


