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TOM TAT: Qua qua trinh phat trién, cdc ban phdt hanh ning
cap hé diéu hanh va cdc phan mém img dung trén nén ting
Microsoft Windows cé dung liwong cai dét ngay cang 1ém, nhu cau
bién tdp cdc tdp tin video chat lwong cao (chuan Full HD hay
chudn 4K) ¢6 dung lirong lom phuc v gzaz tri va quang cdo ngay
cang tang, ... da datra yeu cau tang toc dg truy xudt dia crmg aé
gop phan gitip phan mém thwe thi nhanh hon. Pé gidi quyet Véu
cau ndy, ching téi dé xudt gidi phdp ting toc dé truy xudt dia
cimg mdy tinh bang cach két hop ki thudt tao RAID 0 va ding
phan mém Primo Cache sir dung mot phan bé nhée RAM lam vimg
nho dém cho thao tdac truy xudt dit liéu cia hé thd’ng. Két qud thuc
nghiém trén mdy tinh laptop dung dia cing loai SSD PCle Gen 4
cho toc dg doc tuan ty Ién @én 26.365MB/s (cao hon logi SSD
PCle Gen 5 va gan bang loai SSD PCle Gen 6), téc dg ghi tudn
ti lén dén 50.259MB/s (gdp 3.6 ldn logi SSD PCle Gen 6), giip
cho viéc khoi dong may tinh, thic thi phan mém va thao tac sao
chép tdp tin dung luong lon nhanh hon.

ABSTRACT: Through the development process, upgraded
releases of operating systems and application software on the
Microsofi Windows platform have increasingly large installation
capacities, the need to edit high-quality video files (Full HD or
4K standard) with large capacity for entertainment and
advertising is increasing, ... has created a requirement to increase
the speed of hard disk access to help the software execute faster.
To solve this problem, we propose a solution to increase computer
hard disk access speed by combining RAID 0 creation techniques
and using Primo Cache software to use part of the RAM as a
cache for system data retrieval operations. Experimental results
on laptops using PCle Gen 4 SSD hard drives achieved sequential
read speeds of up to 26,365MB/s (higher than PCle Gen 5 SSDs
and close to PCle Gen 6 S5Ds), sequential write speeds of up to
50,259MB/s (3.6 times faster than PCle Gen 6 SSDs), helping to
boot the computer, execute software and copy large files faster.

1. Gi6i thiéu vAn d& nghién ciru

Pé thuc thi churong trinh trén may tinh, hé

Tdc d9 thuc thi chuong trinh trén may tinh
phu thudc co ban vao nang luc cua b vi xir
Iy, toc d6 truy xudt RAM va dia cimg. Dé
tang téc do thyuc thi chwong trinh trén may
tinh, viéc nang cap bo vi xur Iy, RAM va dia
cung lén cong nghé maoi t6t hon khéng phai
lic nao ciing kha thi va hiéu qua vé mat dau
tu. Vé mat ky thuat, nhitg nang cap nay phu
thudc dac tinh k¥ thuit cua mainboard.

théng nap chuong trinh may tinh va dir liéu
can xtr ly tir dia cimg vao by nhd RAM va co
thé can ghi két qua xir ly vao dia cimg. Dung
lugng chuong

trinh may tinh va dir lidu can xir Iy ngay
cang 1n din dén tdc do thyc thi chuong trinh
bi giam. Vi vy, céc giai phap tang toc do truy
xuit dia cimg gop phan ting toc d6 thyc thi
chuong trinh may tinh. Ttr d6 thic déy phat
trién céac giai phap luu trit ngay cang tién tién



hon nhim ting tdc do truy xuit va dung
lugng luu trir cua dia cling.

SSD (Solid State Drive) la loai dia cimg ¢
toc do truy xuit cao nhat hién nay. Céng nghé
m&i nhit 14 SSD PCle Gen 6, da c6 san pham
Micron 9650 SSD cho toc d6 doc tuan tu 1én
dén 28.000MB/s va toc dd ghi tuan tu 1&n dén
14.000MB/s, dung cho cac trung tam dir liéu.
Cong nghé SSD PCle Gen 5 ¢6 toc do doc dir
ligu 1én dén 15.000MB/s, da c6 san pham trén
thi truong nhung chua phé bién, thuong dung
cho may tinh dé ban (desktop) vi can nhiéu
khong gian cho yéu cau tan nhiét. Céng nghé
SSD PCle Gen 4 ¢6 toc d doc dit ligu 1én dén
7500MB/s, phd bién trén cac may tinh san
xudt tir nam 2022. Ngoai ra, trén thi truong
con co dia cung cong nghé SSD PCle Gen 3,
SSD mSATA, SSD SATA,... c¢6 téc do truy
Xuat cham hon SSD PCle Gen 4, chu yéu
dung cho may tinh san xudt trude nim 2022.

V61 may tinh dang st dung, mainboard
cua nd xac dinh loai dia cimg phu hop. Vi
viy, can co glal phap tang toc do truy xuat dia
ctmg 16n hon toc do truy xudt ma nha san xuat
cong bb cho dia cimg vat ly Dap g yéu cau
nay, hién nay da co giai phap dung RAID
(Redundant Arrays of Independent Disks) va
gidi phap dung RAM Cache.

Giai phap dung RAID: két hop nhiéu dia
ctmg vat 1y don 1é thanh mot hé thong dia
cung vat ly co tbe do truy xudt 16n hon, duoc
sit dung phd bién trong hé théng may chu
(server) va dong may tram (workstation).

Giai phap dung RAM Cache: dung phan
mém tao ving nhé dém trén bd nhé RAM
ding cho thao tac truy xuét dia cing vat 1,
dién hinh 13 giai phap “The RAM Enhanced
Disk Cache Project (REDCAP)” [2] trién
khai trong nhin cua hé diéu hanh ma nguon
m¢ Linux cho phép giam thoi gian tai dir liéu
lén téi 80%, phan mém thuong mai Primo
Cache [4] dugc nha san xuét cong bd thir
nghiém trén loai dia tir quay bang mé to co
hoc cho phép ting tdc dd doc/ghi tuan ty hon
70 1an va ting toc do doc/ghi ngdu nhién 4KB
hon 500 1an.

D6i voi giai phap dimg RAM Cache, toc
do truy xuit dia cing phu thudc vao tde do
truy xuit cua dia cimg vét 1y. Trong khi do,
giai phap dung RAID cho phép tao ra mot he
thong dia ctmg vat 1y co téc do truy xuét 16n
hon téc do truy xuat mét dia cimg vat Iy don

1¢. Tuy nhién, hién nay chua c6 nghién ctru
va thyc nghiém viée két hop giai phap dung
RAID véi giai phap dung RAM Cache, tir d6
thac diy ching toi nghién ciu va thuc
nghiém viéc ap dung dong thoi 2 giai phap
nay dé ting tc do truy xudt dia cling.
2.Cosély thuyet va phuong phap nghlen curu
2.1. Tang toc do truy xuit dia cirng bang ky
thudt tao RAID

RAID 14 k¥ thuat cho phép ghép nhiéu dia
ctrng vat 1y thanh mét hé thong dia cing voi
muc dich ting tbe do truy xuét hodc tang su
an toan cua ditr liéu chira trén hé thong dia
hoic két hop ca hai yéu té nay. Ban dau, k¥
thudt RAID dugc st dung cho cac may cha
(server). Dé tao RAID cho cac dia cung,
mainboard may tinh phai co RAID Controller
hodc cho phép gin thém RAID Card dé cé
RAID Controller. Hién nay, k¥ thuiat RAID
duoc sir dung phé bién cho cac dong may tinh
tram (workstation) va thudng cho phép tao
cac loai RAID 0, RAID 1 va RAID 5. Khi ghi
dir liéu, RAID Controller chia dir liéu thanh
cac khdi (block) co kich thude bang nhau:
Al, A2, A3, ... va ghi theo thir ty trinh bay

trong Hinh 1.
RAID 0

Hinh 1. Co ché ghi dir lidu ciia a)
RAID 0, b) RAID 1 va ¢) RAID 5.

RAID 0: Can ¢6 it nhét 2 dia cung vat 1y,
cho phép ting tc dé truy xuét va dung lrong
luu trir, mat toan bg dir liéu khi hong mot dia
cling vat 1y, can quan tim sao luu dir liéu
thuong xuyén dé dam bao an toan dit liéu.

RAID 1: Cén c6 it nhét 2 dia ctimg vat 1,
khéng tang toc d¢ truy xuit va dung lugng
lwru trit, khong mat dit liéu khi hong mét dia
cting viat ly.

RAID 5: Can c6 it nhat 3 dia ctmg vat Iy,
cho phép tang toc do truy xuat va dung lugng
luu trir. Khi ghi dir 1iéu, RAID Controller
sinh thém cac khoi dir liéu phan chia chin le
(parity) Ap, Bp, Cp, Dp, ... va ghi phan bo
déu trén cic dia cimg vt 1y, giap ly lai dir
liéu néu khong may mot dia cing vét 1y bét
ky bi hong. Viéc nay tao thém dit liéu cin ghi



vao dia cung, lam tang thoi gian xir Iy va ghi
dir liéu cua RAID Controller.

Trong cac loai RAID néu trén, RAID 1
khéng hd tro tdng tde do truy xudt nén khong
duoc dé xut ap dung. RAID 5 cho phép tang
tbc do truy xuat nhung yéu ciu co tbi thidu 3
dia cung, phu hgp may tinh workstation loai
desktop hodc loai laptop ngoai hinh 16m co du
khong gian 1ap dat nhiéu dia cing. Khi tao
RAID c¢6 cing s6 luong dia cimg vét 1y,
RAID 0 cho phép tang toc do truy xudt cao
hon RAID 5, do khong phai tao va ghi cac
khéi dir liéu parity. Poi vai RAID 0, RAID
Controller can c¢6 thoi gian thyc hién phéan
chia dir liéu thanh cac khdi va diéu phdi viéc
ghi, doc cac khdi dir li¢u da phén chia trén
cac dia cing vat 1y, nén toc do truy xuit qua
RAID 0 nho hon tong tde do truy xudt cia cac
dia cirng tham gia cau hinh RAID 0.

2.2. Tang toc dp truy xuit dia ciing bing
cach dung RAM lam ving nho dém cho
thao tic truy xudt div liéu ciia dia ciing

Do thuc té toe dd truy xuit dit liéu trén bo
nhd RAM loai DDRS5 bus 5600MHz (goi tit
]a RAM DDR35-5600MHz) bang 1énh winsat
mem c6 sin trong cic phién ban ctia hé diéu
hanh Microsoft Windows, cho két qua trong
Hinh 2. Két qua do duogc toc do truy xuat cua
RAM DDRS5-5600MHz 1a 86.464,11MB/s.

Két qua do thuc té néu trén cho thay tbe
d6 truy xuat cia RAM nhanh hon tbc do truy
xut cua dia cimg SSD rat nhidu. Do d6, giai
phap str dung mot phan b nhé RAM ciia may
tinh lam vung nhd dém cho thao tac truy xuat
dur li¢u cua h¢ théng véi dia clrng gilip tang
téc do truy xudt dir liéu cua hé thong

Str dung ving nhé dém dé ting tbe do truy
xudt dir liéu da duoc tng dung phé bién trong
nhiéu thiét bi tin hoc nhu b vi xtr 1y, card do
hoa, mang truyén théng, ... Khi cd yéu cau
truy xuét dir liéu, hé théng kiém tra vung nhd
dém xem dir li¢u da dugc Iuu trit trong do hay
chua. Néu co, dir liéu duoc tra vé nhanh
chong tir ving nhé dém ma khong can truy
Xuat tu ngudn goc glup tiét kiém thoi gian va
tang toc do truy Xuét. K¥ thuat nay dac biét
httu ich trong cac tinh hudng ma dir liéu thay
dbi cham hoac khong thay d6i trong mot
khoang thoi gian nhét dmh gilp tranh viée
truy xuét dir lidu tur nguon géc mot cach lap
lai khong can thiét.

Trong cac phién ban cia hé diéu hanh
Microsoft Windows, giai phap str dung phan
mém Primo Cache [4] dugc md ta trong
Hinh 3 sir dung mot phan b nhé RAM (hodc
dia ciing SSD, hoac dia Flash) lam ving nho
dém cho thao tac doc/ghi dir liéu cua hé diéu
hanh va tmg dung, gitp ting toc do truy xuat
dia cirng.

r z .
! Administrator: CMD —~ ] % |

Hinh 2. Po toc dd truy xuat RAM
DDR5-5600MHz.

Operating System & Icahons
1 ,DB nw\y}& i < ¢ RAM
|
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Disk/ Disk/ Disk/
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System & Applications

Stores data o
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PrimoCache

Hinh 3. Mé hinh phin mém Primo
Cache sir dung RAM tao cache cho dia
cirng.

Ving nho dém PrimoCache 1a mét phém
ciia bd nhd RAM c¢o tée dd truy Xuét rét
nhanh. Nguyén ly hoat dong cua vung nho
dém PrimoCache co ban nhu sau:

- Khi can truy xuat dir liéu, hé diéu hanh
va ing dung khong truy Xudt truc tiép tur dia
cing ma truy xudt tr vung nhd dém
PrimoCache.

- Néu dir liéu can doc ¢o sin trong ving
nho dém PrimoCache, hé diéu hanh va ting
dung ldy dir liéu tr ving nhé dém



PrimoCache. Nguoc lai, néu dit liéu chua co
trong vung nhé dém PrimoCache, phan mém
Primo Cache doc dir li¢u tir dia cing va dat
vao vung nhé dém PrimoCache phuc vu thao
tac doc dir liéu caa hé diéu hanh va ung dung.

- D6i vé6i thao tac ghi dir lidu, hé diéu hanh
va tng dung dit dit liéu can ghi vao viing nhé
dém PrimoCache. Viéc ghi dir liéu tir ving
nhé dém PrimoCache vao dia cimg do phan
mém Primo Cache thure hién.,

2.3. Thiét ké thwe nghiém

May tinh dung thyc nghi¢m: laptop Dell
Precision 7680 (san xuit nim 2023) st dung
hé diéu hanh Microsoft Windows 11 phién
ban 24H2, ¢6 c4u hinh co ban: vi xir 1y Intel
Core 17 13850HX, 32GB RAM Bus
5600MHz, hd trg RAID 0, 1, 5, ¢6 3 dia ciing
SSD PCle Gen 4 thuong hi¢u SK Hynix
PC801 dung lugng 512GB. May tinh nay
nhan tbi da 3 dia cing SSD PCle Gen 4 dung
luong 2GB.

Céu hinh RAID dung trong thuc nghiém:
chiing t6i chon RAID 0 (cho toc d6 truy xudt
cao nhat) gém 2 dia cing vt ly, dung tao
phén ving (partition) cai dat h¢ diéu hanh,
cac phan mém tng dung va phan vung chu’a
dir lidu cho nhirng tac vu can toc d6 truy xudt
dir li¢u cao. Pia cirng vt 1y con lai dung luu
trir dir li€u ¢4 nhan quan trong cua nguoi
dung, khéng tham gia céu hinh RAID.

Céng cu do téc do truy xuét dia cing: st
dung phin mém CrystalDiskMark (cung cp
tai dia chi https://crystalmark.info) phién ban
8.0.6 dé do toc do dia cing. Mbi lan do tdc
do truy xut dia cting co thé cho ra s6 lidu
chénh 1énh khong nhiéu so vai lan do trudc
d6. Khi thye nghiém, ching t6i thuc hién do
ba 1an va léy két qua co toc d6 doc tuan tu
SEQIM Q8T1 thap nhat.

Pham mém ding tao RAM Cache: sir dung
phan mém Primo Cache phién ban 4.3.0 dé
tao vung nhd dém PrimoCache. Trong thuc
nghiém, chiung t6i dung 5GB b nhé RAM dé
tao RAM Cache.

Cac pha thyc nghiém: viéc thuc nghiém
can chi 15 viéc ting tdc do truy xudt so véi
truong hop chi sir dung mét dia cimg don e
va can chi 1o sy khac biét khi két hop giai
phap dung RAID vai giai phap duing RAM
Cache. Tu do, qua trinh thuc nghiém dugc
thiét ké thanh 4 pha do téc do truy xuit dia
cung nhu sau:

- Pha 1: stt dung mdt dia cing vat ly,
khong stir dung RAM Cache.

- Pha 2: str dung RAM Cache cho mot dia
cung vat ly (giai phap dung RAM Cache).

- Pha 3: st dung 2 dia cung vit 1y tao
RAID 0 va khéng sir dung RAM Cache (Giai
phap dung RAID 0).

- Pha 4: st dung RAM Cache voi 2 dia
cting vat Iy tao RAID 0 (két hop 2 gidi phap).
2.4. Két qua thwe nghi¢m
a. Thye nghiém Pha 1: do toc d6 truy xuét
dir ligu trén mdt dia cimg SK Hynix PC801
512GB cho két qua trén Hinh 4, ¢ céc théng
s6: SEQIM la toc dd truy xuét tuin tu 1IMB
dir lidu, RND4K 14 téc do truy xudt ngau
nhién 4KB dir ligu, QiT1 (i = {1, 8, 32}) 1a
théng s6 cho biét viéc truy xuét co i cong vige
(task) trong hang dgi (queue) trén 1 luong Xu
ly. Chiing ta quan tam nhiéu nhat dén toc dd
doc/ghi tudn ty SEQIM Q8TI, la thong 56
nha san xuit ding dé giéi thidu san pham.
Cong ngh¢ dia cimg hién nay c¢6 téc do ghi
tuan tu thap hon téc do doc tuin tu.

= :;m”gs E;Pmma'I(Tir\:“E HQWC: ?‘:::H;M??&B) MB/s
4 Read (MB/s) Write (MB/s)
ey 7145.31 5048.79
P 5495.18 4598.60
wm 1047.87 982.16
“am 55.23 318.42

Hinh 4. Toc d truy xuét thye té trén 1
dia cirng SK Hynix PC801 512GB.
b. Thwe nghiém Pha 2: do téc do truy xuit
dir liéu dia cing khi stir dung RAM Cache véi
1 dia cimg SK Hynix PC801 512GB, cho két
qua trén Hinh 5.

-

B = e e

4 Read (MB/s) Write (MB/s)
%' 20185.08 50091.62
' 10786.94 19850.27
W 1271.47 . 1160.80
W 1416.53 1 1262.89

Hinh 5. Toc dp truy xudt thuc té khi siv
dung RAM Cache voi 1 dia cieng SK Hynix
PC801 512GB.



So sanh téc do doc/ghi dir liéu Pha 2 véi
Pha 1 dugc trinh bay trong Bang 1, cho thiy
khi sir dung RAM Cache véi 1 dia cing vat
Iy SSD PCle Gen 4 di ting toc do truy xudt

dia cing rt nhiéu, toc d6 doc tuan tu 1én dén
20.185MB/s (cao hon loai SSD PCle Gen 5)
va toc do ghi tuan ty 1én dén 50.091MB/s
(gap 3,6 lan loai SSD PCle Gen 6).

Bing 1. So sanh téc dd doc/ghi dia cirng Pha 2 véi Pha 1

Kidu ¢ Pha 1 Pha 2 Tang
‘;‘l‘lé‘t"“y (MB/s) (MB/s) (lan)
Poc Ghi Poc Ghi Boc Ghi
(SQES(%M 7.145,31  5.048,79 20.185,08  50.091,62 2,82 9,92
(S)EI%IM 549518 459860 1078694 19.85027 1,96 4,32
RND4K |
Q32T1 1.047,87 982,16 1.271,47 1.160,80 1521 1,18
RNDAK 5503 31842 141653 126289 2565 3,97
QITI1
_ Khi sir dung giai phap ding RAM Cache, e S ]
toc 66 truy xuat dia c(rr}g phu thu(f)(: vao toc - 5 1GiB C: 2% (15/954GiB) MB/s
d'c‘) d’ia Cl:l'ng Vat ly 'Vé tf?c d—é‘ RAM Cl:la méy - l Read (MB/s) Write (MB/s)
tinh. Do nha san xuat phan mém Primo Cache - 12935.01 9733.71
khong dua ra day du nhitng thong s nay khi P 8364.15 8042.86
cong b s6 lidu vé toe do truy xuat, nén khong i 1023.04 986.11
cd co SU, SO s,anh‘yorl két qua t,huc r‘lighle;’m moux 71.73 240.98
Pha 2. Mat khac, hién nay chura ¢6 nghién ctru

cong bd day du vé toc do truy xuat khi st
dung sin pham Primo Cache, nén chiing toi
khéng c6 co so dé dbi sanh véi két qua thuc
nghiém Pha 2.

¢. Thwe nghiém Pha 3: do téc do truy xuat
dir lidu trén dia cing RAID 0 gdm 2 dia cing
SK Hynix PC801 512GB va khong st dung
RAM Cache, cho két qua trén Hinh 6.

Hinh 6. Téc dd truy xuit thue té trén 6
dia RAID 0 gdm 2 dia cirng SK Hynix
PC801 512GB.

So sanh toc dd doc/ghi dir liéu Pha 3 voi
Pha 1 dugc trinh bay trong Bang 2, cho thy
khi sur dung RAID 0 véi 2 dia ctiing vat 1y thi
toc do doc tuan tw SEQIM QSTI ting 1,81
lan va toc do ghi tuan tu SEQIM Q8TI tang
1,93 lan. Bleu nay cho thay te do truy xudt
khéng tang gap doi khi thuc hién RAID 0 hai
dia cimg, do RAID Controller cin c6 thoi
gian xtr Iy dit liéu trude khi truy xuét dia
cung.

Béang 2. So sinh te dd doc/ghi dir li¢u Pha 3 véi Pha 1

Kidu t Pha 1 Pha 3 Tang

=8 ‘l; uy (MB/s) (MB/s) (lin)

xud boc Ghi Poc Ghi boc Ghi
L 7.145,31  5.048,79 12.935,01 9.733,71 1,81 1,93
Q8TI
(SQFI(TQIIM 5.495,18 4.598,60 8.364,15 8.042,86 1,52 1,75
RND4K
Q32T1 1.047,87 982,16 1.023,04 986,11 0,98 1,00
1;11\1;)141{ 5523 318,42 71,73 240,98 1,30 0,76




d. Thuc nghiém Pha 4: do téc do truy xuét
dir liéu dia cimg khi s dung RAM Cache voi
dia cimg RAID 0 gdm 2 dia ctmg SK Hynix
PC801 512GB (chuan SSD PCle Gen 4) cho
két qua trén Hinh 7.

=
= CrystalDiskMark 8.0.6 x64 [Admin] - b%4

File Settings Profile Theme Help Language

T |EIEED C: 2% (16/954GiB) MB/s

4 Read (MB/s) Write (MB/s)
“aan 26365.03 50259.51
o 10803.03 19867.73
pven 1233.43 1102.17
S 1427.24 1263.52

Hinh 7. Toc dd truy xuit thye té khi sir
dung RAM Cache voi dia ctirng RAID 0
gdm 2 dia cirng SK Hynix PC801 512GB.

So sanh toc do doc/ghi dir liéu Pha 4 véi
Pha 1 dugc trinh bay trong Bang 3, cho thay
toc do truy xuét dia clmg tang rat nhiéu, tdc
d6 doc tudn tur 16n dén 26.365MB/s (cao hon
loai SSD PCle Gen 5 va gin bang loai SSD
PCle Gen 6), tbc do ghi tudn tu lén dén
50.259MB/s (gip 3,6 1an loai SSD PCle Gen 6).

Bang 3. So sanh toc do doc/ghi dir liéu Pha 4 véi Pha 1

Kix t Phal Pha 4 T{‘lng

i“ *;uy (MB/s) (MB/s) (ldn)
ui Poc Ghi Poc Ghi Poc Ghi
élé(%;M 7.145,31 5.048,79 26.365,03 50.259,51 3,69 9,95
(S;?(%;M 5.495,18 4.598,60 10.803,03 19.867.,73 1,97 4,32

RND4K

Q32TI 1.047,87 982,16 1.233,43 1.102,17 1,18 1,12
STE"K 5523 31842  1.42724 1.263,52 2584 3,97

3. Két qua nghién ciru va thio luin
So sanh téc do doc/ghi dir liéu Pha 2 véi
Pha 3 dugc trinh bay trong Bang 4, cho thiy

giai phap dung RAM Cache v&i mdt dia cling
vat 1y don 1¢ cho toc do truy xudt cao hon giai
phap ding RAID 0 voi 2 dia cling vit ly.

Bang 4. So sanh tdc dd doc/ghi dit liéu Pha 2 v6i Pha 3

Kiéu tr Pha 3 Pha 2 Tang

s (MB/s) (MB/s) (lan)

R Poc Ghi boc Ghi Doc Ghi

(S)ES(TQIIM 1293501 973371 20.185.08 50.091.62 1,56 5,15

%E%IM 836415 8.042.86 1078694 19.85027 129 2,47
RND4K

s 1.023,04 98611 127147 116080 124 1,18

gﬂ)l‘m 7173 24098 141653 126289 1975 5.4

So sanh toc do doc/ghi dit liéu Pha 4 vdi
Pha 2 duoc trinh bay trong Bang 5, cho thay
khi két hop RAID 0 v6i RAM Cache cho toc
dd doc tuan tw SEQIM QS8T]1 ting 1,31 lan,

1én dén 26.365MB/s (cao hon loai SSD PCle
Gen 5 va gan bang loai SSD PCle Gen 6),
nhimg téc do truy xuit khac chénh léch
khong déng ké.

Bing 5. So sanh toc d doc/ghi dix liéu Pha 4 véi Pha 2

Kiéu truy Pha 2 Pha 4 Ting
xuat (MB/s) (MB/s) (l4n)



Doc Ghi Doc Ghi Poc Ghi
(S)ES(]?IIM 20.185,08 50.091,62 26.365,03 50.259.,51 1,31 1,00
(SQF{(,I?llM 10.786,94 19.850,27 10.803,03 19.867,73 1,00 1,00
RND4K
P 127147 116080 123343 110217 097 095
EI;I,I]E)fK 1.416,53 1.262,89 1.427,24 1.263,52 1,01 1,00

Chung toi thir nghiém sao chép mot tip tin
dung luong x4p xi 10GB: thoi gian thyc hién
khoang 2,9 gidy, anh chup man hinh ghi lai
toc dd ghi dir li¢u 4,04GB/s trong Hinh 8.

“) 60% complete x

Copying 1 item from (C) W yws X-Lite to
60% complete " )-c

N me: Dell7680-P1-Win11. Home 24H2 Ultimate.V1-Phal2 -PrimoCache

Speed: 4.04 GB/s

Fewer details

Hinh 8. Thir nghiém ghi tap tin.

Hién nay may tinh workstation c6 16GB
RAM tr¢ 1én kha phé bién. Vi vay, viée sur
dung 5GB RAM lam vung nhé dém cho thao
tac truy xut dia cimg hoan toan kha thi. P6
la 1y do chiing t6i chon thuce nghiém véi ving
nhd dém PrimoCache c6 5GB RAM. Khi
dung lugng vung nhé dém PrimoCache ting
Ién thi dir liu luu tam thoi trong ving nho
dém ciing tang Ién, tir do gop phéin ting toc
do truy xuit dia ctng. Doi voi may tinh co
nhiéu hon 16GB RAM, c6 thé cin nhic ting
dung lugng vung nhé dém PrimoCache 16n
hon 5GB RAM. Péi v6i may tinh c6 it hon
16GB RAM, c6 thé sir dung tir 20% dén 50%
dung lwong RAM lam vung nho dém
PrimoCache. Viéc chon dung luong RAM
Cache qua 16n s& anh huong dén hiéu ning
chung ctia may tinh va hiéu ning cua cac
phan mém can dung nhiéu RAM.

Primo Cache 1 phdn mém thuong mai c6
ban quyén, cho ding thir mién phi 30 ngay.
Thue té, chung ti da co trai nghiém gin 10
nam st dung may tinh Dell Precision M4800,
san xudt nam 2014, v&i cau hinh RAID 0 gdbm
3 dia cimg SSD chuan SATA 3 (mét dia
mSATA, mét dia SSD 2.5inch thay dia HDD

truyén thong va mot dia SSD 2.5inch két hop
bo chuyén dbi gin vao khe lip 6 DVD) va
ding 5GB RAM lam b nhé dém
PrimoCache. May tinh nay hoat dong dén
nay chua gip 16i k¥ thuat, hong dia cting hay
viéc mat dir liéu va di dugc ching t6i ning
cép 1én hé diéu hanh Microsoft Windows 11
phién ban 24H2 chay rat nhanh va 6n dinh.

Viée dung ky thuat tao RAID hay dung bg
nhé dém PrimoCache riéng 1, déu cho phép
ting toc truy xuat dia cing. Chiing ti dé xuat
sir dung RAID 0 két hop dung RAM lam b
nhé dém véi muc tidu ¢o duge toc do truy
xuét dia ciig cao nhat. Trong thyc nghiém
cua chung toi, viéc dé lai mot dia cung vat Iy
khong tham gia céu hinh tao RAID, dung dé
Iuu trif dir liéu cd nhéan quan trong gitp ngudi
sir dung an tdm hon nhiéu. Tuy nhién cén luu
¥ rii ro c6 thé hong bat cir dia cimg vt 1y
nao. Vi vy, can sao luu dir lidu ra thiét bi luu
trir ngoai (dia ctng gan ngoai, luu trir truc
tuyén, ...) dé ting cuong an toan dir liéu.

Nhirng may tinh workstation cho phép gin
nhiéu hon 3 dia 1’rr1g, vi du nhu Dell Precision
7780 cho phép gan tbi da 4 dia cung 2TB loai
SSD PCle Gen 4, c6 thé can nhéc sir dung
RAID 5 véi 3 dia cung hodc 4 dia cung.

Khi sir dung k¥ thuat RAID 0 hoac
RAID 5, viéc doc/ghi dir ligu duoc chia
“twong doi déu” trén cac dia cimg vat 1y. Diéu
nay gitip chia déu tai doc/ghi dir lidu trén cac
dia cing vat ly, tir d6 gitp ting tudi tho dia
cung vét 1y so voi truong hop chi ding mét
dia cirng vat ly.

Thyc nghiém cua ching toi chi thuc hién
trén mot may tinh cu thé va sir dung lugng
RAM nh¢ (5GB) tao RAM Cache. Pay la
diém han ché trong nghién ctru ctia chiing toi.
Tuy nhién, két qua thuc nghiém cho thiy kha



ning tang toc do truy xudt dia cing rd rét. Khi
mudn tang toc do truy xuit dia cimg cho may
tinh, ching ta c6 thé sir dung 30 ngay mién
phi phdn mém Primo Cache trudc khi quyét
dinh mua ban quyén phan mém (khoang
29,95 USD cho mdt may tinh). Viéc diéu
chinh lugng RAM dung cho RAM Cache
trong phin mém Primo Cache rt don gian,
khong phai thiét 1ap lai tir dau va khong can
khéi dong lai may tinh.

4. Két luan

Két qua thuc nghiém cua ching t6i cho
thiy giai phap ding RAM Cache tang tc do
truy xuat dia cimg tot hon giai phap dung
RAID 0. Khi ching toi két hop giai phap
dung RAID 0 vdi RAM Cache, toc do doc
tuan ty 1én dén 26.365MB/s, gitip may tinh sit
dung chuan dia cing SSD PCle Gen 4 ¢6 toc
d6 truy xudt dia cing cao hon chuan SSD
PCle Gen 5, toc do doc tuan tu gan bang toc
d6 doc tuan tu chuan SSD PCle Gen 6 va toe
dd ghi tuan tu gip 3.6 lan téc do ghi tudn tu
chuan SSD PCle Gen 6.

Céc may tinh dong workstation can nang
cdp lén phién ban hé diéu hanh Microsoft
Windows 11 m&i nhéat hay cac may tinh xu 1y
cac tac vu dir liéu [6n nhu render hinh énh,
bién tdp video do phan giai cao (Full HD,
4K), thiét ké do hoa, ... c6 thé ap dung giai
phap nay dé ting toc do thuc thi tmg dung.
DPbi voi may tinh khéng hd trg k§ thuat
RAID, nhu cac laptop dong ph6 thong, st
dung glal phiap RAM Cache dé tang toc do
truy xuat dia cing 13 mot lwa chon rét tot.

Trong khi RAID 0 cho phép ting téc do
truy xuat dir liéu va khong thé khoi phuc dir
liéu khi hong mot dia cing vat ly thi
RAID 5 cho phép ting toc do truy xuét dir
lidu va co thé khoi phuc dir liéu khi hong mot
dia cimg vat ly. Vi vy, thuc nghiém va so
sanh toc do truy xuat dia cimg khi két hop
RAID 5 voi RAM Cache, thay d6i luong
RAM dung cho RAM Cache va thyc nghi¢m
trén nhiéu cau hinh phan ctmg may tinh khac
nhau 1 dinh huéng tiép theo dé chung toi tiép
tuc nghién ctru va trng dung.
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