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(57) ABSTRACT 

The present invention discloses a control method for a hybrid 
density memory storage device. The method arranges physi 
cal locations for a file system stored in the storage device. The 
storage device includes a high density storage space, a low 
density storage space and a hot list capable of recording a 
plurality of logical locations. The method includes the fol 
lowing steps: receiving a command; Verifying whether the 
logical location of the command belongs to the logical loca 
tions recorded in the hot list; and according to the Verification, 
assigning a physical location of the high density storage space 
or a physical location of the low density storage space as the 
physical location corresponding to the logical location of the 
command. 
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HYBRD DENSITY MEMORY STORAGE 
DEVICE AND CONTROL METHOD 

THEREOF 

BACKGROUND OF THE INVENTION 

0001 1. Field of the Invention 
0002 The present invention relates to a storage device; in 
particular, to a hybrid density memory storage device and 
control method thereof. 
0003 2. Description of Related Art 
0004 Non-volatile memory (also known as Electrically 
Independent memory) is used to store data, commonly 
applied to storage devices such as memory card, thumb drive 
with USB interface, solid state drive etc. Flash memory pro 
vides advantages of high storage density, low power con 
Sumption, effective access efficiency and reasonable price, 
thus becoming the main stream of the current non-volatile 
memory nowadays. 
0005. The memory records the stored bit values by voltage 
values conserved in memory units. In traditional memory 
storage technology, a bit data as one (1) or Zero (0) is record 
by means of high level or Zero level of the voltage value 
conserved in one memory unit. The current technologies may 
further divide the level values conserved within a memory 
unit, so that more different Voltage values can be stored in one 
memory unit, thus for storing more bit values. For example, if 
a memory unit can retain four different level values, it is 
possible to store two-bit data. The industry refers the tradi 
tional memory manufacture technology for storing one single 
bit data as the Single-Level-Cell (SLC) process, and memory 
fabricated thereby as low density memory; memory manu 
facture technology for storing multi-bit data as the Multi 
Level-Cell (MLC) process, and memory fabricated thereby 
as high density memory. 
0006 Compared with low density memory, the data stor 
age capacity provided within a unit area of high density 
memory multiplicatively increases, offering desirable advan 
tages in terms of significant increase in storage capacity and 
lowered cost, but it requires longer time for read/write, edit 
and erase actions. Besides, MLC process also results in sig 
nificant reduction in endurance count, conjunctively affecting 
storage features like data access rate and lifespan in high 
density memory storage. 
0007. The features of high density memory lie in high 
storage capacity and low cost, but with slower data access rate 
and less endurance count; contrarily, the advantages of low 
density memory exist in high erase endurance and faster 
access rate, whereas with high cost and low storage capacity. 
Since each type of memory respectively demonstrates fea 
tures thereof, the industry therefore has developed the appli 
cation of hybrid density memory. The so-called hybrid den 
sity memory comprises both high density memory and low 
density memory as the same time. As for exploiting advan 
tages provided by both types of memory to enhance storage 
performance, it has now become one major research Subject 
aggressively devoted by relevant industry. 
0008 Furthermore, since the address method of earlier 
hard drives needs to combine the relative locations of various 
structures Such as track, head and section to decide the physi 
cal location for actual data storage, as a result, computer 
system has to perform setting operations during the boot of 
Basic Input/Output System (BIOS) to allow accurate data 
access in computer operation processes. The main stream 
storage media of current hard drives has now gradually 
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evolved to flash memory, and therefore, based on the concept 
of logical block address (LBA), the computer system pre 
scribes the correspondence between logical block addresses 
and flash memory storage blocks, and builds a transition table 
within the firmware of hard drives according to such a corre 
spondence. During data access process, a host computer tran 
sits first the logical address of a file to the logical block 
address, and issues a command only to the hard drive in data 
access process, which marks the logical locations of logical 
address to be accessed and logical block address etc. in the 
assignment field of the command. After decoding the com 
mand by the hard drive controller, the Flash Transition Layer 
(FTL) transits the logical location of the file into the physical 
location in the memory according to the transition table pre 
viously built in the firmware. 
0009. The optimization method of storage performance 
used in prior art is shown in FIG.1, which illustrates a system 
architecture diagram of a computer system. The system 
depicted therein is used to optimize action parameters of hard 
drive. As shown in FIG. 1, the computer system 8 consists of 
a motherboard 81, a hard drive 83 and a data retrieving device 
87, in which the motherboard 81 is coupled to the hard drive 
83 through a bus 85, and the motherboard 81 is installed with 
components such as central processing unit and memory, for 
Supporting the various operations of the computer system 8. 
Such a technology provides the computer system 8 with a 
benchmark software to control the data retrieving device 87 in 
order to record I/O command sequence information between 
the motherboard 81 and hard drive 83, and through user-aided 
settings and operations, analyze the recorded information 
with the benchmark software so as to further optimize the 
action parameters for the hard drive 83 according to the analy 
sis result. 
0010. However, several defects do exist in the above-men 
tioned technology: first of all, it is required to install extra 
benchmark software in the computer system to retrieve the 
I/O command sequence; next, human participation is needed 
during the processes of data retrieval, analysis and parameter 
optimization etc.; also. Such a technology is directed to appli 
cation scope of earlier hard drives, not suitable for storage 
devices whose storage media is the type of non-volatile 
memory. 
0011. In view that the existing technologies are not suit 
able for the hard drive adopting flash memory as principal 
storage media thereof, the inventors hence propose the 
present invention with an expectation to improve the defects 
of existing Solutions. 

SUMMARY OF THE INVENTION 

0012. The object of the present invention is to provide a 
hybrid density memory storage device and control method 
thereof, which categorizes the frequently used file data or 
user-appointed file data as hot data, and uses a hot list to 
record the logical locations of the hot data, thus when the host 
computer issues a command, the storage device verifies 
whether the logical location of the command belongs to one 
of the logical locations recorded in the hot list, so as to assign 
the physical location corresponding to the logical location, 
which enhances the data storage performance of the hybrid 
density memory device and prevents storage resources from 
being wasted. 
0013 The present invention discloses a control method for 
a hybrid density memory storage device, Suitable for assign 
ing a physical location of the hybrid density memory storage 
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device corresponding to a file system. Such a storage device is 
used to store file data, and provided with a high density 
memory storage space, a low density memory storage space 
and a hot list, in which the hot list is used to record a plurality 
of logical locations of the file system. Said method includes 
the following steps: receiving a command, and identifying the 
logical location of the command; Subsequently, Verifying 
whether the logical location of the command belongs to one 
of the logical locations recorded in the hot list; finally, accord 
ing to the verification, assigning a physical location of the 
high density storage space or the low density storage space as 
the physical location corresponding to the logical location of 
the command. 

0014 Said logical location is a logical address (LA) and/or 
a logical block address (LBA). 
0015 The present invention also discloses another control 
method for hybrid density memory storage device, suitable 
for assigning the physical location of a hybrid density 
memory storage device according to a file system. The Stor 
age device has a high density memory storage space and a low 
density memory storage space. Said control method includes 
the following steps: first, receiving a command; next, execut 
ing a process of hot data verification to verify whether the 
logical location of the command belongs to a hot data; finally, 
according to the verification, assigning a physical location of 
the high density storage space or the low density storage 
space as the physical location corresponding to the logical 
location of the command. 

0016. The present invention further discloses a hybrid 
density memory storage device, Suitable for receiving a com 
mand provided by a host computer to access a file data. Said 
hybrid density memory storage device comprises a non-vola 
tile memory unit and a control unit. The non-volatile memory 
unit includes a high density memory storage space and a low 
density memory storage space. The control unit has a hot list 
for recording a plurality of logical locations belonging to hot 
data, such that the control unit can assign, through the hot list, 
a physical location of the high density storage space or the low 
density storage space as the physical location for accessing 
the file data. 

0017. The above-mentioned summary as well as subse 
quent descriptions and appended drawings are all for further 
illustrating the measures, means and effects taken by the 
present invention to achieve the prescribed objectives. Other 
goals and advantages of the present invention will be 
explained in details in the following descriptions and draw 
1ngS. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0018 FIG. 1 is a system architecture diagram of a com 
puter system in the prior art; 
0019 FIG. 2 is a system architecture diagram of an 
embodiment of the hybrid density memory storage device 
according to the present invention; 
0020 FIG. 3 is a system architecture diagram of an 
embodiment of the hot data verifying unit according to the 
present invention; 
0021 FIGS. 4A and 4B are diagrams of an embodiment of 
hot data identification according to the present invention; 
0022 FIG.5 is a step-wise flowchart of the control method 
for the hybrid density memory storage device according to the 
present invention; 
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0023 FIG. 6 is a step-wise flowchart of an embodiment of 
the control method for the hybrid density memory storage 
device according to the present invention; 
0024 FIG. 7 is a step-wise flowchart of an embodiment of 
the control method for the hybrid density memory storage 
device according to the present invention; and 
0025 FIG. 8 is a step-wise flowchart of the data update 
transition process according to the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0026. The hybrid density memory storage device and con 
trol method thereof of the present invention is to categorize 
the frequently used files or user-appointed files of the file 
system as hot data, uses a hot list to record the logical loca 
tions of the hot data, and then assigns the physical locations to 
which the logical locations of the hot data correspond to the 
low density memory storage space, thus meeting the require 
ment of the hot data for faster access rate and higher endur 
ance count, in order to achieve the effect enhancement for 
storage performance. 
0027. Initially, referring now to FIG. 2, a system architec 
ture diagram of an embodiment of the hybrid density memory 
storage device according to the present invention is shown. As 
illustrated in FIG. 2, a hybrid density memory storage device 
10 (hereunder referred as a storage device) is applied in a 
digital system 1 to cooperate with data storage jobs and par 
ticipate in data read/write operations. In the digital system 1, 
the storage device 10 is coupled to a host computer 17 to 
receive the command provided from the host computer 17. In 
practice, the host computer 17 may be a computer system, and 
the storage device 10 executes the hard drive feature of the 
computer system. 
0028. The storage device 10 consists of a non-volatile 
memory unit 11, a control unit 13 and a power source man 
agement unit 15. The non-volatile memory unit 11 is formed 
by flash memory, comprising a low density memory storage 
space 110 and a high density memory storage space 112. The 
low density memory storage space 110 is formed by low 
density memory, and the high density memory storage space 
112 is formed by high density memory. The aspects of low 
density memory are low storage capacity per unit, high endur 
ance count and fast data access rate, whereas the aspects of 
high density memory lie in high storage capacity, less endur 
ance count and low data access rate. 
0029. The power source management unit 15, coupled to a 
power source 19, receives the output power thereof and trans 
forms the received power into the power source required by 
the control unit 13 and the non-volatile memory unit 11 inside 
the storage device 10. 
0030 The storage device 10 stores a file system, and the 
host computer 17 manages the file data in the file system 
based on a system architecture regulated under FAT 12, 
FAT16, FAT32 or NTFS files systems. Based on a prescribed 
transition table located in the firmware, the storage device 10, 
by using the Flash Transition Layer (FTL), maps the logical 
location of the file to the physical location of the non-volatile 
memory unit 11. 
0031. The control unit 13 is coupled between the host 
computer 17 and the non-volatile memory unit 11, which has 
a hot list for recording a plurality of logical locations. The 
present invention categorizes the frequently used files or user 
appointed files of the file system as hot data, and since the hot 
data is frequently accessed and updated, the physical loca 
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tions of the hot data are assigned to the low density memory 
storage space 110. Said hot list is used to record the logical 
locations of the hot data, so as to define the frequently used 
logical area in the file system. Hereunder the logical locations 
recorded in the hot list are referred as specific logical loca 
tions to be differentiated from general logical locations. Said 
logical locations are logical addresses (LA) and/or logical 
block addresses (LBA). 
0032. The control unit 13 can assign, through the hot list, 
the physical location of the low density memory storage space 
110 or the physical location of the high density memory 
storage space 112 as the physical location of the file data. In 
practice, the control unit 13 receives a command provided 
from the host computer 17, in which the command may be a 
write command or a read command. The write command is to 
write a data of a logical location into the non-volatile memory 
unit 11, and the read command is to read a data of a logical 
location from the non-volatile memory unit 11, and the logi 
cal locations of logical address, length of address space and 
logical blockaddress are marked in the assignment field of the 
command by the host computer 17. The control unit 13 
decodes the received command, identifies the logical location 
of the command, verifies whether the logical location of the 
command belongs to one of the specific logical locations 
recorded in the hot list, and further, based on the verification, 
assigns the physical location of the high density memory 
storage space 112 or the physical location of the low density 
memory storage space 110 as the physical location corre 
sponding to the identified logical location, then therein stores 
the data. That is, if the logical location of the command 
belongs to one of the specific logical locations recorded in the 
hot list, then the control unit 13 assigns the physical location 
of the low density memory storage space 110 as the physical 
location corresponding to the logical location, such that the 
physical location of the data has the features of higher data 
access rate and endurance count; otherwise, in case that the 
logical location of the command does not belong to any of the 
specific logical locations recorded in the hot list, then the 
control unit 13 assigns the physical location of the high den 
sity memory storage space 112 as the physical location cor 
responding to the logical location. 
0033. In one embodiment, said hot list comprises a start 
hot list, a read hot list and a write hot list, respectively record 
ing the logical locations frequently accessed by the digital 
system 1 during the three operation modes of start, read and 
write. 

0034. The start hot list records the logical locations fre 
quently read or written by the host computer 17 in a start cycle 
(i.e. a specific period of time when the system executes boot 
process; for example, 30 seconds). When the system starts, it 
generally repeats the same access mode, e.g. processes like 
loading operating system etc., therefore, the start speed may 
be accelerated if the physical location of the file frequently 
access during the start cycle is assigned to the low density 
memory storage space 110. The read hot list records the 
logical locations frequently read, and the write hot list records 
the logical locations frequently written by the host computer 
17. The control unit 13 verifies the logical location of the 
command by using different hot lists, based on the differences 
among operation modes. 
0035. In FIG. 2, the control unit 13 comprises a system 
interface 131, a microprocessor 132, a hot data verifying unit 
133, a data transfer butter 134 and a memory interface 135. 
The system interface 131 is coupled to the host computer 17, 
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receiving the command from the host computer 17 and trans 
ferring the data corresponding to the command. The micro 
processor is coupled to the system interface 131 for receiving, 
processing and responding to the command, so as to control 
the operations of the storage device 10 and the control unit 13. 
The hot list is registered in the hot data verifying unit 133, in 
which the hot data verifying unit 133 is coupled to the system 
interface 131, identifying the logical location of the com 
mand, Verifying whether the logical location of the command 
belongs to one of the specific logical locations recorded in the 
hot list, and further outputting a verification to the micropro 
cessor 132. The data transfer butter 134 is coupled to the 
system interface 131 for registering the data transferred to the 
storage device 10 by the host computer 17, or registering the 
data to be read from the storage device 10 by the host com 
puter 17. The memory interface 135 is coupled between the 
data transfer butter 134 and the non-volatile memory unit 11 
as a data transfer interface between the control unit 13 and the 
non-volatile memory unit 11. 
0036 Subsequently, referring now to FIG. 3, a system 
architecture diagram of an embodiment of the hot data veri 
fying unit according to the present invention is shown. As 
illustrated in FIG.3, the hot data verifying unit 133 comprises 
a list registry 200, an input/output monitoring unit 202, a hot 
list verifying unit 204, a hot list updating unit 206, a hot list 
backup unit 208 and an interface control unit 210. 
0037. The hot list is stored in the non-volatile memory unit 
11. When the digital system 1 is started, the hot list is dupli 
cated into the list registry 200 for temporary storage. The 
interface control unit 210 acts as a connection interface for 
coupling between the hot data verifying unit 133 and the 
external system interface 131, microprocessor 132 and non 
Volatile memory unit 11. The input/output monitoring unit 
202, hot list verifying unit 204, hot list updating unit 206 and 
hot list backup unit 208 are coupled between the list registry 
200 and the interface control unit 210, able to access the hot 
list registered in the list registry 200, and coupled to the 
external system interface 131, microprocessor 132 and non 
volatile memory unit 11 via the interface control unit 210. 
0038. The input/output monitoring unit 202 is coupled to 
the system interface 131 through the interface control unit 
210, for identifying the logical location of the command 
provided by the host computer 17. The hot list verifying unit 
204 is coupled to the input/output monitoring unit 202, which 
receives the identified logical location, and, according to the 
hot list, verifies whether the logical location of the command 
belongs to one of the specific logical locations recorded in the 
hot list, then outputs a verification result. The microprocessor 
132 receives the verification, and assigns the low density 
memory storage space 110 or the high density memory Stor 
age space 112 as the physical location corresponding to the 
command. The hot list updating unit 206 is controlled by the 
microprocessor 132, and updates the hot list registered in the 
list registry 200 based on the verification of the hot list veri 
fying unit 204. The hot list backup unit 208 is controlled by 
the microprocessor 132, forwarding the hot list registered in 
the list registry 200 to the non-volatile memory unit 11 for 
backup storage, so as to load and forward the hot list from the 
non-volatile memory unit 11 to the list registry 200 for reg 
istering in the next start. 
0039. In an embodiment, the storage device 10 further 
comprises a candidate list. In case that the logical location of 
the command provided by the host computer 17 does not 
belong to any of the specific logical locations recorded in the 
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hot list, the identified logical location will be recorded in this 
candidate list. Referring now to FIGS. 4A and 4B, these 
diagrams illustrate an embodiment of hot data identification 
according to the present invention, in which a concise 
example of the hot list data identification is shown. 
0040. In FIG. 4A, the parameters recorded in the candidate 

list 302 and the hot list 304 consist of logical address LA, 
length of address space L and cycle AGE. Herein the logical 
address LA represents the start address of the data; length L 
means the length of the address space, i.e. the amount of hot 
data; cycle AGE indicates the period that a recorded data is 
not hit (repeatedly accessed) by the command, wherein the 
cycle AGE may be an actual time or numbered in terms of 
command input/output counts, or else implemented by other 
computational approaches, acting as a foundation for data 
replacement in the hot list, in order to discard logical loca 
tions having not been hit by the access command for a long 
time. 

0041. In FIG. 4A, the candidate list302 and the hot list304 
each has a space for recording 5 data entries, the command 
300 uses the logical address LA as its logical location, and the 
cycle AGE assigns the number of command no-hits. Assume, 
after start of the system, the candidate list 302 and the hot list 
304 are both empty, and six logical addresses that the com 
mand accesses are sequentially 0x0000, 0x0010, 0x0123, 
0x0200, 0x0210 and 0x0123. The first five data entries are 
sequentially filled in the candidate list 302, while the logical 
address of the sixth command is 0x0123, which repeats the 
third record retained in the candidate list 302, whose cycle 
update is 1, and other records continue to accumulate. The 
repeated third record in the candidate list 302 will then be 
transited to the hot list 304. 

0042. In practice, since the length of address space usually 
varies, in another embodiment, the length of address space 
may be discarded from the parameter set of the candidate list 
and hot list may set, but logical blockaddress and cycle AGE 
may be alternatively used. Refer now to FIG. 4B, this Figure 
depicts the same access operation as the one in FIG. 4A. Since 
it is based on the logical blockaddress LB, the probability of 
hit may be expanded. In FIG. 4B, the logical block addresses 
LB of the hot list 314 are two records, i.e. 0x000 and 0x0002, 
which repeat respectively at the second access and fifth access 
in the candidate list, enlisted thus in the hot list. The logical 
location of the sixth command 310 is also enlisted as the 
newest record in the hot list 314. 

0043. According to the aforementioned examples, it can 
be appreciated that the logical location recorded in the can 
didate list and the hot list of the present invention may be a 
logical address or a logical block address. In practice, it is 
necessary to take hardware resources of flash memory con 
troller, logical/physical transition algorithm and file system 
into integral consideration to decide the adequate approach. 
0044) Next, referring to FIG. 5, a step-wise flowchart of 
the control method for the hybrid density memory storage 
device according to the present invention is shown. The rel 
evant system architecture thereof may be conjunctively 
referred to FIG. 2. As illustrated in FIG. 5, said control 
method comprises the following steps: 
0045 First, receiving a command, and decoding the com 
mand to identify its logical location (step S102); 
0046) Subsequently, verifying whether the logical loca 
tion of the command belongs to one of the specific logical 
locations recorded in the hot list (step S104); and 
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0047 Finally, based on the verification, assigning a physi 
cal location of the high density storage space 112 or a physical 
location of the low density storage space 110 as the physical 
location corresponding to the logical location of the com 
mand (step S106). 
0048 Referring now to FIG. 6, a step-wise flowchart of an 
embodiment of the control method for the hybrid density 
memory storage device according to the present invention is 
shown, which illustrates the operational steps of, under write 
mode, the host computer 17 writing a data into the non 
volatile memory unit 11. As set out in FIG. 6, the write mode 
of the control method comprises the following steps: 
0049 First, the control unit 13 receives a write command 
provided by the host computer 17, and identifies the logical 
location of the write command (step S202): 
0050. Next, the hot data verifying unit 133 verifies 
whether the logical location of the write command belongs to 
one of the specific logical locations recorded in the hot list, so 
as to determine whether the data to be written by the host 
computer 17 is a hot data (step S204); 
0051. If the logical location of the write command belongs 
to one of the specific logical locations, then assign a physical 
location of the low density storage space 110 as the physical 
location corresponding to the logical location of the com 
mand (step S206); 
0052. If the logical location of the write command does 
not belong to one of the specific logical locations, then assign 
a physical location of the high density storage space 112 as 
the physical location corresponding to the logical location of 
the command (step S208); and 
0053 Finally, transfer the data to the assigned memory 
storage space (110 or 112) for storage (step S210). 
0054 Referring now to FIG. 7, a step-wise flowchart of an 
embodiment of the control method for the hybrid density 
memory storage device according to the present invention is 
shown, which embodiment comprises three operation modes 
for the digital system 1, i.e. start, read and write. The relevant 
system architecture thereof may be conjunctively referred to 
FIGS. 2 and 3. 
0055. After the initiation of the digital system 1 (step 
S300), it enters into start mode, determining whether a hot list 
is stored in the non-volatile memory unit 11 (step S302). If the 
determination in step S302 is negative, then it waits for the 
host computer 17 to input a command (step S304); however, 
if the determination in step S302 is yes, then it loads the found 
hot list in the list registry 200 of the hot data verifying unit 133 
(step S306), and then executes the step S304. After the step 
S304, it determines whether the command provided from the 
host computer 17 is received (step S308). If the determination 
in step S308 is not received, then it returns to step S304; if the 
determination in step S308 is yes, then it further determines 
whether the start cycle has been reached (step S310). If the 
determination in step S310 is no, then it determines whether 
the logical location of the command is not enlisted in the start 
hot list (step S312); in case the determination in step S312 is 
no, then it returns to step S304; otherwise, if the determina 
tion in step S312 is yes, then it updates the start hot list (step 
S314). After this, it returns to step S304. 
0056. In case the determination in step S310 is yes, which 
means the start cycle is full, then at this moment it enters into 
read mode and write mode from start mode, and, in the 
present embodiment, it first determines whether the com 
mand provided by the host computer 17 is a read command 
(step S316). If the determination in step S316 is yes, it enters 
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into read mode, identifying and Verifying whether the logical 
location of the read command belongs to one of the specific 
logical locations in the hot list, in order to decide whether the 
data corresponding to the command is a hot data (step S318). 
If the determination in step S318 is no, then it returns to step 
S304; if the determination in step S318 is yes, then it deter 
mines whether the logical location of the command is not 
enlisted in the read hot list (step S320). If the determination in 
step S320 is no, then it returns to step S304; if the determi 
nation in step S320 is yes, then it updates the read hot list (step 
S322). Afterwards, it determines whether the hot list backup 
is needed (step S332); if the determination in the step S332 is 
yes, then hot list registered in the hot data verifying unit 133 
will be backed up to the non-volatile memory unit 11 (step 
S334); if the determination in the step S332 is no, then it 
returns to step S304. 
0057. In case the determination in the step S316 is no, then 

it determines whether the command provided by the host 
computer 17 is a write command (step S324); if the determi 
nation in the step S324 is no, then it returns to step S304; if the 
determination in the step S324 is yes, then it identifies 
whether the logical location of the command belongs to one 
of the specific logical locations recorded in the hot list, so as 
to decide whether the data corresponding to the command is 
a hot data (step S326). In case the determination in step S326 
is no, then it returns to step S304; if the determination in step 
S326 is yes, then it determines whether the logical location of 
the command is not enlisted in the write hot list (step S328). 
If the determination in step S328 is no, then it returns to step 
S304; if the determination in step S328 is yes, then it updates 
the write hot list (step S330). Afterwards, it enters in step 
S332 to determine whether the hot list backup and subsequent 
steps are needed to perform. 
0058. In an embodiment, the storage device 10 further 
consists of a candidate list, and in steps S318 and S326, if the 
logical location of the command does not belong to any of the 
specific logical locations, then the identified logical location 
will be recorded in the candidate list. In steps S318 and S326 
it further determines whether the logical location of the com 
mand belongs to one of the logical locations recorded in the 
candidate list; if the determination is yes, then the identified 
logical location will be transited from the candidate list to the 
hot list, so as to update the hot list. 
0059. Furthermore, after the update of the hot list, the 
storage device 10 needs to execute a data update transition 
process, Such that the correspondence between the logical 
location and physical location in the file system is consistent 
with the contents of the hot list. Referring now to FIG. 8, a 
step-wise flowchart of the data update transition process 
according to the present invention is shown, wherein the 
relevant system architecture thereof may be referred to FIG. 
2 

0060. As illustrated in FIG. 8, after the start of the data 
update transition process (step S400), it first determines 
whether there exists any newly added logical location data in 
the hot list (step S402); if the determination in step S402 is no, 
then the data update transition process ends (S408); if the 
determination in step S402 is yes, then it reads the high 
density memory storage space 112 to acquire the data for the 
newly added logical location (S404). After this, it transits the 
data acquired from the high density memory storage space 
112 to the low density memory storage space 110 for storage 
(step S406). Finally, it enters into step S408, where the data 
update transition process ends. 
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0061. The above-mentioned embodiments all determine 
whether the logical location of a command belongs to a hot 
data by means of verification. Whereas in another embodi 
ment, said control method, after reception of the command 
from the host computer 17 and the identification of the logical 
location of the received command, executes a hot data deter 
mination process to determine whether the logical location of 
the command belongs to one of the logical locations stored in 
the hot data by means of applying operational methods such 
as hash function, hash table and decay period on the logical 
location of the command. Afterwards, based on the determi 
nation, it assigns a physical location of the low density 
memory storage space 110 or a physical location of the high 
density memory storage space 112 as the physical location 
corresponding to the logical location of the command. That is, 
if the logical location of the command belongs to the hot data, 
then it assigns a physical location of the low density memory 
storage space 110 as the physical location corresponding to 
this logical location; in case, however, this logical location 
does not belong to the hot data, then it assigns a physical 
location of the high density memory storage space 112 as the 
physical location corresponding to this logical location. 
0062. The aforementioned hot data determination process 

is an existing technology, which is illustrated in the disserta 
tion of Mr. Hsieh Ren-Wei, research graduate in the College 
of Information Science of National Taiwan University, titled 
“The Reliability and Performance Enhancement of Flash 
Memory Management published in June 2006, and herein 
further detailed description thereof is omitted. 
0063. Through the examples set out supra, it can be appre 
ciated that the hybrid density memory storage device and 
control method thereof according to the present invention is 
to categorize the frequently used files or user-appointed files 
as hot data, and through verifying whether the logical location 
of the command provided by the host computer belongs to 
logical locations stored in the hot data, it assigns the physical 
location corresponding to the logical location to either the 
high density memory storage space or to the low density 
memory storage space. In this way, it is possible to not only 
improve the defects of assigning file header area and data area 
of the same file to different memories in the prior art, causing 
early failure problem in the storage devices and inefficient 
usage of storage resources, but cooperate with the operation 
modes in the storage devices to further enhance the data 
access performance of the hybrid density memory storage 
devices. 
0064. The above-mentioned illustrations present simply 
the detailed descriptions and drawings of the embodiments of 
the present invention, without any intention to restrict the 
scope of the present invention thereto. The entire scope of the 
present invention should be based on the Subsequent claims; 
all changes, Substitutions or modifications that persons 
skilled in the art can easily consider and fabricate are encom 
passed in the scope of the present invention delineated by the 
following claims. 

What is claimed is: 
1. A control method for a hybrid density memory storage 

device, Suitable for assigning a physical location of the hybrid 
density memory storage device corresponding to a file sys 
tem, wherein the hybrid density memory storage device is 
used to store file data provided by a host computer, and has a 
high density memory storage space, a low density memory 
storage space and a hot list, in which the hot list is used to 
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record a plurality of logical locations of the file system, said 
method including the following steps: 

receiving a command; 
Verifying whether the logical location of the command 

belongs to one of the logical locations recorded in the hot 
list; and 

assigning, according to the Verification, a physical location 
of the high density storage space or the low density 
storage space as the physical location corresponding to 
the logical location of the command. 

2. The control method according to claim 1, further com 
prising the step of identifying the logical location of the 
command after the step of receiving a command. 

3. The control method according to claim 1, wherein it 
assigns a physical location of the low density memory storage 
space to the logical location of the command, if the logical 
location of the command belongs to one of the logical loca 
tions recorded in the hot list. 

4. The control method according to claim 1, wherein the 
hybrid density memory storage device further comprises a 
candidate list, and if the logical location of the command does 
not belong to one of the logical locations recorded in the hot 
list, it records the logical location of the command in the 
candidate list. 

5. The control method according to claim 4, wherein the 
step of verifying whether the logical location of the command 
belongs to one of the logical locations recorded in the hot list 
further comprises the step of verifying whether the logical 
location of the command is recorded in the candidate list. 

6. The control method according to claim 5, wherein, if the 
logical location of the command is recorded in the candidate 
list, then it transits the logical location of the command from 
the candidate list to the hot list in order to update the hot list. 

7. The control method according to claim 5, wherein, after 
the update of the hot list, the control method further com 
prises executing a data update transition process, the data 
update transition process comprising the following steps: 

reading the high density memory storage space to acquire 
the data for the newly added logical location in the hot 
list; and 

transiting the data acquired from the high density memory 
storage space to the low density memory storage space 
for storage. 

8. The control method according to claim 1, wherein, under 
a start mode of the hybrid density memory storage device, if 
the logical location of the command does not belong to one of 
the logical locations recorded in the hot list, then the control 
method further comprises updating the hot list according to 
the logical location of the command. 

9. The control method according to claim 8, wherein, after 
the update of the hot list, the control method further com 
prises executing a data update transition process, in which the 
data update transition process comprises the following steps: 

reading the high density memory storage space to acquire 
the data for the newly added logical location in the hot 
list; and 

transiting the data acquired from the high density memory 
storage space to the low density memory storage space 
for storage. 

10. The control method according to claim 1, wherein the 
hot list comprises a read hot list, a write hot list and a start hot 
list. 
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11. A control method for hybrid density memory storage 
device, Suitable for assigning the physical location of a hybrid 
density memory storage device corresponding to a file sys 
tem, the hybrid density memory storage device having a high 
density memory storage space and a low density memory 
storage space, said control method including the following 
steps: 

receiving a command; 
executing a process of hot data verification to verify 

whether the logical location of the command belongs to 
hot data; and 

assigning, according to the verification, a physical location 
of the high density storage space or the low density 
storage space as the physical location corresponding to 
the logical location of the command. 

12. The control method according to claim 11, further 
comprising the step of identifying the logical location of the 
command after the step of receiving a command. 

13. The control method according to claim 11, wherein, it 
assigns a physical location of the low density memory storage 
space to the logical location of the command, if the logical 
location of the command belongs to the hot data. 

14. The control method according to claim 11, wherein the 
hot data verification process is to apply a hash operation to the 
logical location of the command. 

15. A hybrid density memory storage device, suitable for 
receiving a command provided by a host computer to access 
a file data, said hybrid density memory storage device com 
prising: 

a non-volatile memory unit, which comprises a high den 
sity memory storage space and a low density memory 
storage space; and 

a control unit, which has a hot list for recording a plurality 
of logical locations belonging to hot data, Such that the 
control unit can assign, through the hot list, a physical 
location of the high density storage space or the low 
density storage space as the physical location for access 
ing the file data. 

16. The hybrid density memory storage device according 
to claim 15, wherein the hot list comprises a read hot list, a 
write hot list and a start hot list. 

17. The hybrid density memory storage device according 
to claim 15, wherein the control unit further comprises: 

a system interface, which receives the command provided 
by the host computer and transfers the data correspond 
ing to the command; 

a microprocessor, which is coupled to the system interface 
for receiving, processing and responding to the com 
mand, so as to control the operations of the hybrid den 
sity memory storage device and the control unit; and 

a hot data verifying unit, which is coupled to the system 
interface, so as to identify the logical location of the 
command, Verifying whether the logical location of the 
command belongs to one of the logical locations 
recorded in the hot list, and further outputting a verifi 
cation to the microprocessor; 

in which the microprocessor assigns a physical location in 
the high density memory storage space or a physical 
location in the low density memory storage space to the 
logical location of the command, according to the veri 
fication. 

18. The hybrid density memory storage device according 
to claim 17, wherein the hot data verification unit further 
comprises: 
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a list registry, which registers the hot list; 
an input/output monitoring unit, which is coupled to the 

system interface, identifying the logical location of the 
command; and 

a hot list verifying unit, which is coupled to the list registry 
and the input/output monitoring unit, receiving the logi 
cal location of the command identified by the input/ 
output monitoring unit, and verifying whether the logi 
cal location belongs to one of the logical locations 
recorded in the hot list to output the verification. 

19. The hybrid density memory storage device according 
to claim 18, wherein the hot list verifying unit further com 
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prises a hot list updating unit, which is coupled to the list 
registry and the hot list verifying unit, and updates the hot list 
registered in the list registry according to the verification. 

20. The hybrid density memory storage device according 
to claim 18, wherein the hot list verifying unit further com 
prises a list backup unit, which is coupled to the list registry, 
is controlled by the microprocessor and transits the hot list 
registered in the list registry to the non-volatile memory unit 
for storage. 


