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Tém tat: Trong nhiing nim gan day, cac thiét bi di dong ngay cang phd bién. Cac thiét bi nay thudng st dung SQLite dé
1am co s6 dit liéu va bd nhé NAND Flash dé€ luu trit dif 1liéu. SQLite 14 mot hé co s¢ dif liéu gon nhe nhung manh mé.
SQLite ddp ting ddy di moi yéu cau cd ban clia mot hé quéan tri co s& dit liéu. Bo nhé NAND Flash ngay cang phd bién
nhd vao nhitng vu diém ndi bat nhu téc do truy xuit nhanh, tiéu thu dién ning it, khong mét dif liéu khi mét ngudn. Do
do, viéc st dung SQLite va NAND Flash 1 su lua chon tot cho thiét bi Android va iOS. Tuy nhién, NAND Flash ciing c6
nhitng nhugc diém can khic phuc nhu khong thé ghi de, vong doi bi gidi han bdi s 1an xod trén cdc khdi nhé. Bén canh
d6, co ché ghi tam file journal mdi 1An commit ctia SQLite ciing 1am anh hudng dén bd nhé Flash. Trudc khi thuc hién
cip nhit di liéu vao cd sd di liéu, SQLite tao mot file tam goi 1a journal chita di li€u cdp nhét trén bo nhd Flash. Viéc
nay din dén rit nhiéu thao tic doc/ghi trén bd nhé Flash 1am cho hiéu suit clia hé thdng gidm ding ké. D& giai quyét
vAn d& nay, chiing toi d& xuit mot hé théng bo nhé lai st dung FRAM cho hé thdng goi 12 COSS(Commit-Optimized
Scheme for SQLite). COSS c6 thé gidm b6t sb lugng 16n thao tic doc/ghi 1én NAND Flash va thdi gian thuc hién ctia ci
hé thdng nhd vao kha ning ghi d& va tc do cao cia FRAM. Két qua thuc nghiém cho thiy COSS dat hiéu suit cao hon
so véi hé théng nguyén thuy thong thudng.

T khéa: SQLite, b6 nhd Flash, FRAM, co sé dit liéu dién thoai thong minh, thiét bi di dong.

Title: A Design Method of Computational Semantics of Linguistic Words for Fuzzy Rule-based Classifier

Abstract:  Recently, the mobile devices are popular day by day. These devices use SQLite as a database management system
and NAND Flash memeory as a storage medium. SQLite is a lightweight and powerful database engine. It provides
all basic features of a database management system. NAND Flash memeories are popular because of the following
advantages: fast access speed, nonvolatile, low power consumption. Thus, the combination of NAND Flash memory and
SQLite is a good choice for mobile devices. However, NAND Flash memories also have some drawbacks that should
be limited such erase-before-write characteristic, the lifecycle is limited by the number of block erasing. Beside that,
the performance of NAND Flash is downgraded by temporarily writing journal files mechanism of SQLite. Whenever
updating data, SQLite has to create and write the back up data to a file called Journal file. This causes a lot of Flash
memory operations leading to reduction of overall performance of the system and shorten the lifecycle of NAND Flash.
To address this problem, this study introduces a novel commit policy and hybrid storage system for SQLite based on
a Flash memory and an FRAM, called COSS. COSS can minimize the overhead by deploying the hybrid storage of
FRAM and NAND Flash memory. The experimental results show that COSS yields a good performance.

Keywords:  SQLite, Flash memory, FRAM, smart phone database, mobile devices.

I. GIOI THIEU mbi block). Bd nhé Flash c6 ciu tao va cd ché hoat dong
hoan toan khac véi dia ciing (HDD-Hard Disk Drive) thong
B6 nhé Flash [1, 4-6] dugc st dung rit phd bién hién  thudng. Do d6 d€ gitp cdc hé diéu hanh truy cap bd nhé
nay nhd vao nhiing uu diém ndi bat ctia chiing nhu tbc @6  Flash mot cich tuong ty nhu HDD, mot phan mém trung
cao, tiéu thu it dién ning, kich thudc nhd gon va do an gian c6 tén la FTL (Flash Translation Layer)[1] dugc st
toan dit liéu cao. Tuy nhién, bén canh nhiing diém manh  dung d€ chuyén ddi dia chi logic sang dia chi vat ly 4nh
d6, bo nhé Flash van c6 nhiing di€ém yéu can luu tam d6 Xa gitta mdy tinh va bd nhd Flash.
12 dic tinh x6a trudc khi ghi — khong thé ghi dé va vong
doi hitu han (khoang tir 10.000 dén 100.000 1an x6a trén SQLite 12 mot hé co sé dit lidu dudc st dung phd bién
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trén céc thiét bi di dong st dung hé diéu hanh Android
va i0S. SQLite khong can mdy chi, khong can cu hinh,
khép kin va nhd gon. SQLite engine khong phai 1a mot
quy trinh doc ldp nhu cic co sé di liéu khac, ching c6
thé lién két mot cach tinh hodc dong tlly theo yéu cau cla
ting dung. SQLite truy cap truc tiép céc file luu trit ctia
né trén bd nhé do d6. Mic du hiéu suit cia cic thiét b
di dong ting dang ké nhd vao viéc st dung SQLite va bd
nhd Flash. Tuy nhién viéc ghi tam file journal trén b nhé
Flash lam giam dang k€ hiéu suit hoat dong do mot sb
lugng 16n cac thao tac (read/write/erase) trén bd nhd Flash
dudc thuc hién mdi khi cip nhat dif liéu trén SQLite. Day
1a mot van dé can dudc giai quyét dé€ nang cao hiéu suét
ctia cac hé théng Android va iOS. Bai b4o nay gi6i mot hé
thng Iuu trit két hop cho céac ing dung SQLite st dung
Flash va FRAM (Ferroelectric Random Access Memory)[2,
3, 7] goi la COSS nham t8i wu hod thao tic Commit cho
cdc hé thdng sit dung NAND Flash va SQLite. Muc tiéu
ctia hé thdng nay 12 1am giam s6 lugng sb lugng thao tic
trén bo nhé Flash va lam chidm qua trinh 130 hda cta bo
nh6 Flash, dong thdi hé théng nay ciing gitp dif liéu cla
SQLite khong bi mit khi méat dién hoiic hé thong bi treo.
FRAM déng vai tro 1a mot bo dém ndi luu trit tam thoi
céc file journal ctia SQLite. Khi bo nhé FRAM day, tat ca
céc file journal trén FRAM s€ dugc ghi vao bd nhé Flash.
Kha nang ghi de dit liéu va ghi tiing byte cia FRAM gitip
céc tng dung gidm chi phi thuc hién va s6 lugng thao tic
phu phat sinh trén bd nhé Flash do cdc déc tinh vt ly cla
Flash. Két qui thit nghiém cho thiy hé thng nay dat hiéu
qua tot va ddm bo dit liéu cta SQlite ludon dudc an toan.
Phan con lai ctia bai bao c6 ciu tric nhu sau: Phan II gi6i
thiéu cdc kién thdc cin ban va lién quan dén SQLite, Flash
vad FRAM. Phan III trinh bay kién tric ctia hé¢ thong. Két
qua thuc nghiém va danh gid hé théng dudc trinh bay trong
Phan IV va cubi cling, két luan bai bdo dudc trinh bay trong
Phan V.

II. KIEN THUC CO SO

Flash 13 mot loai thiét bi bo nhé thit cip dudc st dung
rit phd bién hién nay. Chiing c6 mit trong cic thiét bi dién
t nhu mdy tinh, dién thoai thong minh, cic thiét bi nhiing,
thé nhg, USB, SSD,... Khac véi dia cing thong thuong,
bd nhé Flash gdbm mot diy cic thé nhé NAND Flash. Bo
nhé Flash dudc t§ chic thanh cdc khdi nhé; moi khdi nhé
chita mot s6 lugng cu thé céc trang nhé (32, 64, 128 trang).
Trang nhé 1a don vi nhd nhét clia thao tic doc va ghi trong
khi d6 khdi nhé 1a don vi nhd nhéat cia thao tac x6a. Bo
nhd Flash hd trd 3 thao tdc cd ban l1a doc, ghi va x6a [8-
9]. Poc 1a thao tic c6 tdc dd nhanh nhét tiép dén 13 thao
tac ghi. Mot thao tac ghi mit khoang 2ms; chim hon 10
1an so véi thao tac doc. Chim nhit 1a thao tic x6a, chidm
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hon 10 1an so véi ghi. Hién nay, bd nhé Flash c6 vong
doi khoang 10.000-100.000 lan x6a khdi. Néu s6 1an x6a
clia mot khéi vuot qua ngudng nay thi khdi d6 khong con
kha ning st dung. P& phu hop v6i cac hé diéu hanh khéc
nhau va dat hiéu qua t6i uu, Flash cin phin mém trung
gian FTL. FTL c6 3 chiic nang chinh do6 la: anh xa dia chi
(Address Mapping), thu hdi khdi nhé khong hop 1é va diéu
phbi ghi dit liéu trén cac khbi nhé (Wear Leveling). Chiic
ning 4nh xa dia chi cung cp céc thuat toin dnh xa giita
dia chi logic va dia chi vat ly trén bo nhé Flash. Pa c6
rit nhiéu thuit todn dnh xa dia chi [1, 4-6] dugc gidi thiéu.
Chiing c6 thé dudc gom thanh 3 nhém chinh: Anh xa sector
(Sector Mapping), anh xa khdi (Block Mapping) va dnh xa
lai (Hybrid Mapping). B9 thu hdi khéi nhé khong hop 1&
c6 chiic ning thu hodi cac khéi nhd khong hop 18 dé tai st
dung. Khi s6 lugng kho6i nhé hop 18 trén bo nhé Flash thap
hon ngudng cho phép, bd thu hdi khdi nhé khong hop 1é
sé dugc tu dong kich hoat d€ thu hoi va tdi st dung cic
khoéi khong hop 16. Wear Leveling dugc st dung dé diéu
tiét cdc khbi nhd d€ dam bio cac khdi nhé cé tan suat
dugc st dung 1a tuong duong nhau. Wear leveling sé quyét
dinh khéi nhé nao dudc st dung khi c¢6 yéu cau ghi dit liéu
vao bd nhé Flash. FRAM la mot cong nghé bd nhé méi st
dung tinh chit dién sit. FRAM c6 cic tinh chit tuong tu
nhu DRAM nhung dif liéu Iuu trén FRAM khong bi mat khi
khong c¢6 ngudn cung cp dién. Khac véi Flash, FRAM cho
phép truy xuét ngiu nhién dén tiing don vi bit. Thuat ngit
“ferroelectric - dién sat” khong c6 nghia 12 FRAM chifa cic
phan i sit ciing khong c6 nghia 12 FRAM bi 4nh huéng
bdi tir trudng. FRAM cho phép phan vung mot cach linh
hoat cho ca muc dich chia ma thuc thi (Execution Code
Partition) va dif liéu. C6 nghia 13 FRAM c6 thé dugc st
dung d€ luu trit ma thuc thi chuong trinh va dif liéu dong
thdi ma véi céac loai bd nhé khac phai st dung 2 loai riéng
biét: ROM dé luu ma chuong trinh va bd nhd ngoai luu trit
dt liéu. SQLite 1a mot hé quan tri cd s§ dit liéu dudc su
dung rong rai trong cic thiét bi di dong nhs vao tinh nhé
gon va manh mé ctia né. Tuy nhién, tan suit cip nhat va
ghi dif liéu ngiu nhién trén SQLite rit 16n nén hiéu qua
cta SQLite trén bo nhd Flash sé gidm dang k€. M6i khi
cap nhat di liéu, SQLite tao mot file goi la file journal dé
lvu tri tam thdi di liéu cip nhat. Sau khi thao tac cap nhét
da dudgc commit, file journal sé bi x6a. Qua trinh thuc hién
atomic commit trong SQLite dugc thuc hién nhu sau:

1. Chiém giit khéa:
Truée khi SQLite c6 thé ghi di liéu vao co s6 dif liéu, né
phai nim giit khéa doc (read lock) d& dam bao co s6 dit
liéu da sin sang. Sau d6 sé chiém giit khéa chia sé (shared
lock) d€ ngin khong cho giao dich khac ghi vao muc dit
liéu hién hanh.

2. PBoc thdng tin tir c¢d sG di liéu:



Nhiing dif liéu can thay d6i dudc doc tif co s6 dit lidu.

3. Chiém giit khéa danh riéng (Reserved Lock)

Muc dich ciia viéc chiém giit khéa reserved 1a nham ngin
chén céac giao dich khac ghi di liéu va giao dich hién hanh
s€ sém ghi dit liéu vao muc di liéu hién hanh.

4. Tao file Journal:

Trudc khi thuc hién thay ddi dit liéu, SQLite tao va ghi dit
liéu ci vao file journal. Lic nay journal file dugc Iuu tam
thdi 6 bo dém.

5. Thay déi dit liéu & phia ngudi ding:

Sau khi di liéu cii dugc khi vao file journal, di liéu dugc
cip nhit § phia ngudi dung.

6. Ghi journal file vao dia:

Dé dam bao an toan dit liéu, file journal dugc ghi vao dia
cung.

7. Chiém giit khéa doc quyén (Exclusive Lock)

Tru6c khi ghi dif liéu, SQLite cin chiém giit khéa doc
quyén d& dam bdo khong cé giao dich ndo dang doc hay
ghi di liéu 1&én muc du liéu hién hanh.

8. Ghi dit liéu thay ddi vao dia:

Toan bd di lidu thay déi sé dugc ghi vao dia.

9. Xda file journal:

Sau khi hoan tit ghi dif liéu vao file, hé thong sé xda file
journal. Sau khi journal file da bi x6a thanh cong, cac khoa
s€ dugc giai phong.

Néu qué trinh commit khong thanh cong, hé théng sé
thuc hién rollback bang cach doc file journal vao ghi dit
liéu cii vao co s6 dii liéu. Qud trinh rollback bao géom cdc
budc nhu sau:

1. Tim file journal “néng”. File journal “ndéng” la file
journal cé cdc dic diém sau:

- Pang ton tai hop 1&

- Khong rong

- Khong chita khoa reserved trén file co s§ dit liéu chinh
- Tiéu dé ding ciu tric

- Khong chita tén file supper-journal (dung trong commit
nhiéu giao dich dong thoi).

2. PBoc thong di liéu ci tu file journal va ghi vao co sG
du ligu.

3. X6a file journal “néng”: Sau khi tit cd moi thong tin
dugc ghi vao co s6 dif liéu, file journal can dugc xé6a dé
hoan tit giao dich.

Nhu di d& cdp & trén, bén canh nhiing diém manh néi
bit, bd nhé Flash c6 hai nhugc diém 16n dé 1a dic tinh xéa
truée khi ghi va han ché s6 1an x6a khéi. Do d6, thuc hién
thao tac commit ciia SQLite nguyén thly trén bd nhé Flash
sé din dén hiéu qua hoat dong thip. Hinh 1 trinh bay mot
vi du vé viéc cAp nhat dif liéu trén bd nhé Flash st dung
thudt toan anh xa dia chi Block mapping.
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Hinh 1. Vi du cédp nhit di liéu trén bd nhé Flash

Gia st cAn cap nhat trén cay chi muc trong co s6 dit liu
SQLite dugc luu tri trén bd nhd Flash. Néu mot ban ghi
v6i gia tri khéa 12 duge cheén vao cd s6 dit liéu thi ban
ghi d6 dudc cap nhat trén nit C va ghi du liéu trén trang
nhé ctiia bo nhé Flash. Vi dac tinh xda trude khi ghi (khong
thé ghi d&) nén qud trinh chén 12 dudc thyc hién nhu sau:
Pau tién céc file hop 1& (A, B) trong block #n dudc sao
chép sang block #m; ghi file C’ vao block #m va cudi ciing
block #n sé bi x6a hodc ddnh diu block khong hop 1é. Qua
trinh nay phat sinh rit nhiéu cic thao tic trén Flash din
dén giam hiéu sult ctia toan hé thdng. Luu y ring, vong
doi ctia NAND Flash bi gi6i han bsi s6 1an xod trén cdc
block. Do do, viéc gidm thao tic xo4 gitip cho tudi tho clia
NAND Flash it bi anh huéng. Nhiam han ché viéc phét sinh
cac thao tac nhu da trinh bay & vi du trén, mdt giai phap
méi dugc dé xuit & Phan IIL

IIl. THIET KE VA CAI PAT COSS
1. Thiét ké COSS

Phin nay sé trinh bay mot co ché téi uu héa thao tic
commit trén SQLite va hé théng luu trit cho SQLite trén
nén tang NAND Flash va b nhé FRAM. Muc tiéu ctia hé
thong nay 1a nhim giam tbi da chi phi thuc hién cap nhat
file journal méi khi cip nhit dii liéu trong cd s¢ di liéu
SQLite va giam sb lugng thao tac trén NAND Flash. P&
dat dudc muc tiéu ndy, chiing toi xay dung mot hé théng
luu trif lai st dung FRAM va NAND Flash. Trong hé théng
niy, FRAM dugc ding d€ luu trit file journal vi NAND
Flash dugc dung dé luu trir dit liéu.

Hinh 2 trinh bay kién tric t6ng thé hé thong COSS. Hé
théng COSS bao gdm tit cad cic thanh phan clia mot hé
théng thong thudng, driver cho hé théng lai va cic thanh
phan luu tri FRAM va NAND Flash.

Thanh phan driver cho hé thong lai sé quan ly va quyét
dinh thiét bi luu trit nao (FRAM hay Flash) sé dudc st dung
dé€ ghi dit liéu. Néu file journal dugc tao ra hodc dudc cip
nhat thi driver hé théng lai sé ghi dit liéu file journal 1én
FRAM. Ngugc lai, dit liéu ctia SQLite sé dugc ghi vao
Flash. FRAM driver va Flash driver s€ quan ly viéc ghi dit
liéu 1én FRAM va Flash tuong ting theo cd ché clia né.
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FRAM dugc st dung két hgp véi bo nhé Flash nhim
ning cao hiéu suét ctia SQLite trén cic hé thdng Android
va i0S. Béi vi dif lidu c6 thé dudc ghi d& trén FRAM nén
6 thé tranh dugc nhudc di€ém x6a trude khi ghi cta Flash.
Mai khi file journal dugc tao ra, COSS sé ghi file journal
vao FRAM thay vi ghi vao Flash nhu binh thudng. Diéu
nay lam giam dang k€ s6 lugng thao tic trén bo nhd Flash,
ddc biét 1a thao tic ghi va xda trén Flash tiéu tdn nhiéu
thoi gian va nang lugng.

DB application

$

DB application

!

SQLite Library

$

OS Kernel

f
$

FRAM Driver

$

Hybrid Driver

$

Flash Memory Driver

FRAM

NAND Flash Memory

Hinh 2. Kién tric ctia COSS
Bing cach st dung hé théng luu trit lai nay, COSS
lam ting dang k& hiéu sudt ctia SQLite trén cic hé théng
Android/iOS ctia céc thiét bi thong minh dong thoi lam
chim qua trinh 130 hod cia NAND Flash.

2. Co ché hoat dong ctia COSS

CPU
Main Boot-upy Data Data
memory code : storage storage
DRAM FRAM Flash memory

Hinh 3. H¢ thong bd nhé két hop

Véi hé théng nay, ching t6i két hop mot FRAM va mot
NAND Flash d€ luu trif dit liéu. FRAM da dugc st dung
nhu mot thiét bi luu tri trong cac hé théng nhing. FRAM
cho phép truy xuit tiing byte va ghi d& dif liéu do dé né
c6 thé han ché nhugc diém x6a trudc khi ghi cta Flash.

Nhu trinh bay trong Hinh 3, hé thong st dung mot FRAM
cho hai muc dich 1a Iuu trit dot liéu va ma thyc thi chuong
trinh. Trong trudng hop nay hé théng vin hoat dong tot vi
FRAM c6 thé déng vai trdo nhu ca ROM va thiét bi luu trit.
Bing cich sit dung mot phan ctia FRAM d€ luu dit liéu,
hé thdng c6 thé luu file journal tam thdi vio FRAM va
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co s& dif liéu vao Flash. V6i co ché nay, hé thdng sé hoat
dong v6i hiéu suit t6t hon cac hé thong thong thudng bdi
vi FRAM nhanh hon Flash, han ché cdc thao tic xda trudc
khi ghi dong thdi gidp kéo dai tudi tho ctia Flash.

DéE cai dit hé thébng luu trit nay, hé thdéng cin mot
phuong thic riéng dé truy xuit ca Flash va FRAM. Nhu
trinh bay trong Hinh 4, hé théng sit dung FRASH[10] 1a
mot hé thong file don gian dugc thiét ké cho hé thong luu
trit két hop FRAM va Flash.

DB application
SQLite‘ rLibrary
FRASH file system
! !
FRAM NAND Flash Memory

Hinh 4. Hé thong file

Vé co ban, khi thuc hién qud trinh commit, COSS ghi
céc file journal vao FRAM. Ngay khi du liéu dudc cdp nhat
va ghi vao Flash thanh cong thi cac file journal trong phan
viing dit liéu cia FRAM dugc x6a dé hoan tit qua trinh
commit.

IV. PANH GIA HIEU SUAT

Phan nay trinh bay mot s6 két qua thuc nghiém cia COSS
va so sanh hiéu suit véi hé théng nguyén thuy. Tat ca cic
thuc hién dugc trién khai trén bo nhé FRAM gia lap dugc
lay tif RAM c6 dung luong 8MB. Hiéu suit ciia cic hé
théng dugc danh gia dua trén sd lugng thao tic va hiéu
sut sit dung khong gian nhé trong cac khéi nhé ctia NAND
Flash. Trong cdc thit nghiém, ching t6i st dung bo dém
thao tic va bo dém thoi gian hé thdng ciia bo nhé Flash dé
danh gia két qua thuc hién. D& dam bao cong bing khi so
sanh, chiing toi thii nghiém tit ci thuc nghiém trén cling
mot moi trudng la Windows 10 Pro N véi vi xud ly Intel
Core i5-7400, 8GB DDR va dia ciing SSD 512GB.

1. Hiéu suét doc/ghi

Trong phan nay, chiing toi d4nh gid hiéu qua clia cic hé
théng thong qua viéc cap nhat 100.000 ban ghi trong co sé
du liéu.
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Hinh 6. S6 lugng thao tic ghi

Nhu Hinh 5 di thé hién, s6 lugng thao tic doc cia COSS
it hon khoang 14,1% so v6i hé thdng nguyén thuy bdi vi
COSS st dung FRAM c6 kha nidng ghi dé. NhG vao kha
ning ghi d& cia FRAM, COSS tranh dugc s6 luong 16n
thao tac ghép bd nhd Flash din dén mot sb lugng thao tic
doc dugc giam bét. Pbi véi thao tdc ghi va thao tac xod,
COSS thuc hién it hon hé thdng nguyén thuy khoang 17,9%
va 20,5% nhu trong Hinh 6 va Hinh 7 sau day.

Mic du COSS can thém mot sd thao tic ghi dé ghi di
liéu vao FRAM trudc khi ghi vao Flash nhung COSS khong
thuc hién cic thao tic ghép trén Flash 1am gidm déng ké
s6 luong thao tic ghi va xoa. Diéu nay rit c6 ich cho bd
nhé Flash bdi vi né cé thé kéo dai vong ddi clia bd nhé
Flash. Vong ddi ctia bd nhé Flash dudc tinh dua trén s6 lan
xo4 cdc khbi nhé. Do dé, viéc giam sb lugng thao tic xod
trén cic khéi sé& 1am chim lai qua trinh ldo ho4 ctia bd nhé
Flash.

2. Thei gian thuc hién

Hinh 8 trinh bay thai gian thyc hién 100.000 thao tac cip
nhat vao co s6 dif liéu. Béi vi COSS giam mdt sb lugng 16n
cdc thao tc trén Flash va téc do cao cia FRAM nén COSS
thuc hién nhanh hon rat nhiéu so véi hé théng nguyén thiy.
Téc do truy xuét cia FRAM tuong tu nhu DRAM, nhanh
hon nhiéu so v6i Flash. Mit khéc, khong c6 thao tic ghép
x4y ra trong FRAM - mdt thao tic ma tén rit nhiéu thoi
gian trén Flash. Diéu nay gidp cho COSS thuc hién cap nhat
nhanh hon khodng 218% so véi hé thdng nguyén thiy.
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Hinh 7. S6 lugng thao tic xo4

3. Khéi phuc du liéu

Theri gian thuwe hién
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Hinh 8. Thoi gian thuc hién

Nhu da trinh bay & phan trudc, kha ning khdi phuc dit
liéu 1a mot diém manh ctia FFB. Dit liéu ctia COSS ludn
dugc dam bao va kha ning khdi phuc dit liéu sau su sd
rit nhanh. Hinh 9 trinh bay thoi gian khdi phuc di lidu
sau sy c6. Nhin chung, COSS khéi phuc dit liéu trong thdi
gian trung binh khoéng 0,23 gidy; nhanh hon hé thdng binh
thudng khoang 82,6%. Béi vi tat c4 dit liéu ciia COSS déu
dugc ghi vao Flash hoic FRAM (khong mét dit liéu) do d6
dit liéu c6 thé dugc khdi phuc mot cach dé dang biang cach
doc tit FRAM va ghi vao Flash sau khi su ¢ xdy ra.

Khoi phuc di¥ liéu
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Hinh 9. Thdi gian khoi phuc dit liéu
Thuc té, thoi gian khoi phuc dit liéu phu thudc vao kich
thuée ving nhé clia FRAM dung d€ 1am bo dém. Kich



Cic céng trinh nghién cifu, phdt trién va iing dung CNTT va Truyén thong

thuéc vung nay cang 16n thi thai gian khoi phuc cang lau
vi ¢6 nhiéu dit liéu Iuu trif tam thoi trong d6. Tuy nhién,
tbc do truy xult cia FRAM khd cao nén thsi gian khoi
phuc dit liéu 1a chdp nhan dudgc.

V. KET LUAN

Bing cach két hop 2 thiét bi luu trit d€ tao thanh mot
hé thong luu trit két hop, COSS c6 thé nang cao hiéu suét
ctia SQLite va bd nhé NAND Flash trong cic hé thong di
dong. Trong hé théng COSS nay, véi kha ning ghi de tiing
byte va tbc do cao ciia FRAM da khic phuc dude nhugc
diém vat 1y ctia NAND Flash d6 13 ghi ting trang (page)
va x6a khdi (block) trudc khi ghi (tinh chat 1am anh hudng
x4u dén téc d6 va vong doi clia Flash). COSS khong nhiing
gitip cac hé thdng ctia st dung SQLite niang cao hiéu suat
ma con dam bdo dit liéu ludon dugc an toan. Tuy nhién,
mot di€ém han ché cia COSS d6 1a phéi st dung thém mot
FRAM (mdt thiét bi Iuu trit méi chua dudc st dung phd
bién va con han ché vé dung luong).

Do d6, COSS c6 thé dugc dp dung trong céc tng dung
ma & d6 yéu cau vé mit téc do va an toan di liéu dit 1én
hang dau.

Trong tucng lai gan, chiing toi sé tap trung nghién ciu
xdy dung hé théng drive cho COSS dé€ nang cao hiéu qua
hoat dong ctia hé thdng va d6 an toan cta dit lidu.
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