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Tém tit: Cac hé quan tri c& sé dit liéu (CSDL) truyén théng chu yéu dugc xay dung dua trén viéc
khai thac cac may tinh don nhan CPU va thiét bi luu trit kiéu tir tinh. Cic mé hinh nay chua khai
thac dwoc hét nhimng thé manh cong nghé cia cac chip da nhan hay nhiing hé thong may tinh cum
va dung lugng cang ngay cang 16n ciia bd nhd chinh. Bai bao nay dé cap dén viée sir dung md hinh
H-Store nham muc dich khai thac duoc nhimg kién trac da nhan ciing nhu viéc dua toan bo dit lidu
vao trong bo nhd, tir d6 c6 thé nang cao duoc hiéu nang xir 1y cac giao tac dong thoi tir ph1a nguoi
dung. Phan thyc nghiém véi bai toan thyc té trong Pai hoc Qudc gia Ha Noi lién quan dén viéc
qué tai hé thong khi sinh vién dang ky tin chi cho phép minh ching dwoc tinh dung dén cia mé

hinh nay.

Tw khod: CSDL trong bd nhd, xur 1y giao tac, H-Store.

1. Giéi thi¢u

Véi cac hé co so dir liéu truyén thong, dir
lidu dugc lwu trir trén thiét bi tir tinh, phd bién
van 1a dia cing.Trong qué trinh xir 1y, dit liéu
6 thé nap vao by nhé dém dé tang tde do xtr ly,
tuy nhién, cac phuong phap xir Iy co ban van
phai dua trén thao tic v6i dia ctng.Chinh vi thé
ma hiéu nang xu ly khong nhiing phu thudc cac
thao tac xur 1y dit liéu ma con phu thudc rat 1on
vao cac thao tac doc/ghi trén dia. Vi thé néu
giam thiéu hay loai bé dugc cac thao tac truy
xuit dia s& c6 y nghia véi hiéu ning xur 1y cua
hé théng [1].

* Tac gia lién hé. DT: 84-913365832.
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Khi bd nhé ban dan ngiy cang ré, phuong
an tiép can dua tat ca dix liéu vao bd nhG chinh
tré nén kha thi hon. Phuong an nay hinh thanh
cach tiép can xay dung cac hé quan tri CSDL
trong bd nhé (In Memory Database - IMDB).
Vi md hinh IMDB, viée tdi wu hoa truy vén s&
khong cin phai quan tim nhiéu dén chi phi cho
phﬁn vao/ra trén thiét bi luu trit, mot trong
nhimg yéu t6 then chdt anh huong dén hiéu
nang xir 1y giao tac [2]. Uu diém nay dén tir ban
chat ctia bd nhd chinh: dir liéu duoc truy xudt
theo kiéu RAM (Random Access Memory) thay
vi kiéu truy cap truc tiép nhu 6 dia cing.

Trong bai bao nay, chung toi s€ gidi thi€u
mot trong nhitng m6 hinh IMDB hién dai hién
nay: H-Store voi thé hién cai dat 1a VoltDB [3].
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Duya trén hé quan tri nay, ching toi cling da tién
hanh thir nghiém voi bai toan thuc té dang ky
lop tin chi trong Pai hoc Quéc gia Ha Noi
(PHQGHN). Két qua thyc nghiém cho thay hé
théng md phong cho hiéu ning ciia mé hinh
IMDB luén vugt troi so véi mdé hinh CSDL
truyén théng va cho phép giai quyét duoc van
dé qua tai h¢ thong.

Phan con lai cta bai bao duge td chire nhu
saw:myc 2 gidi thi¢u vé md hinh CSDL trong
bd nhd, muc 3 trinh bay vé kién trac hé théng
H-Store va thé hién cu thé cua H-Store voi hé
quan tri VoltDB; muc 4 dugc gianh dé gidi
thiéu bai toan dang ky 16p tin chi tryc tuyén

DBMS Buffer

S& Primary Storage

e

trong PHQGHN va muyc 5 tong hop nhiing két
qua thuc nghiém moé hinh giai phap va nhiing
danh gi, so sanh; cudi cuing 1a phan két luan va
mot s6 dinh huéng nghién ciru tiép.

2. M6 hinh co s& dir liéu trong by nhé

Co s0 dit liéu trong bd nhd (IMDBB) 1a mo
hinh quan Iy CSDL ma toan bd di li€u duogc xtr
Iy trong bd nhd chinh ciia hé thdng tinh toan
[1]. MO hinh nay khac biét so voi moé hinh
truyén théng, & d6 chi mot phan dit lidu duoc
xur ly trong bg nhd.

Hinh 1. M6 hinh IMDB.

B6 nhé chinh cia mdt may tinh c6 cac tinh
chit khac nhau so véi cac dia tir, va sy khéc
biét nay co y nghia 16n vé thiét ké va hiéu ning
cua hé quan tri co s& dir liéu khi thi hanh cac
giao tac tryc tuyén (Online Transaction
Processing — OLTP). Sy khac biét nay duoc thé
hién qua:

* Thoi gian truy xuat (d6i khi str dung thuat
ngir lattency) tr bo nhd chinh nhé hon so voi
dia do bd nhd chinh cé phuong thuc truy cép

ngau nhién con dia tir c6 phuong thirc truy cap
truc tiép.

* So voi IMDB, viéc luu trir trén dia tur
thuan loi hon viéc dam bao tranh mat dir liéu
dbi voi nhitng sy ¢ ky thuat. Tuy nhién, véi
nhitng co ché dong bd va luu vét thich hop,
nhuoc diém nay ciia IMDB hoan toan cé thé
duoc khic phuc [4].

* IMDB cho phép nang cao hi¢u nang xtur ly
giao tac dwa trén ban chat cua phwong thirc truy
cap ngiu nhién: giam thoi gian tinh toan tdi wu
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xt 1y truy véan, giam thiéu thoi gian truy xuat
dén dir liu, ...

Hién nay, mé hinh IMDB da dugc cai dat
trén nhiéu hé quan tri CSDL, ca thuong mai 1an
ma mo hay trong nghién ctru thuc nghiém. Céc
hé quan tri thuong mai c6 thé ké dén giai phap
TimesTen cua Oracle [5], DB2 BLU cua IBM
[6], Hekaton cua Microsoft [7]... Mot s hé
quan tri dugc xay dung phuc vu nghién cuu va
cong déng mi mo c6 thé ké dén nhu
BigMemory cta hang Terracotta [8], H-Store
[9], VoltDB [10], ... Trong s cac san pham
trén, hé VoltDB la hé quan tri dugc cai dit truc
tiép tir mo hinh kién trac H-Store, san phdm
nghién ctra ciia ba don vi: truong Pai hoc
Brown, Carnegie Mellon va vién MIT, My. bay
la hé dugc danh gia c6 hi¢u nang xir Iy giao tac
vugt trdi, cho phép khai thac duoc tdi da nhiing
thé manh vé cong ngh¢ tinh toan nhu bd nhd
chinh dung lugng 16n, da 161, da chip, ... [4].

3. Kién trac H-Store va VoltDB

H-Store 1a hé quan tri dugc xay dung theo
mo hinh quan hé, luu trir theo bd hoan toan trén
bd nhé chinh va cé tinh phan tan cao [3,4]. H¢
quéan tri nay c6 thé chay trén moi truong cum
may tinh theo mod hinh khong chia sé.

Mot thé hién H-Store duoc thi hanh trén
mot cum may tinh véi 2 hodc nhiéu nbt (nodes),
mdi ndt 12 mot hé thong may tinh vat 1y don.
Mai ndt c6 thé chira mot hodc nhiéu sitesthi
hanh va mot bd diéu phéi giao tac (transaction
coordinator). Site 12 mdt thuc thé logic hoat
dong doc lap twong ung mot ludng (thread)
trong hé thong, xir Iy giao tac OLTP tir phia
ngudi dung dudi sy diéu khién cia bo diéu phdi
giao tac. BO diéu phdi nay c6 nhiém vu dam
bao tinh c6 thé tudn tu dugce cua cac giao tac
trong nhitng b diéu phdi tir cic ndt khac.

Trong H-Store, mdi site s& dugc cai dat truc
tiép trén mot 15i (core) ciia bo vi xir Iy va doc
1ap so voi cac sites khac [8].

Hinh 2. M6 hinh hé théng H-Store.

Moi quan hé/bang trong co s¢ dir li¢u cua
H-Store dugc phan doan ngang thanh nhiéu
doan (fragments, hay d6i khi con goi la shards)
dua trén thudc tinh phadn manh. Nhiing doan
lién quan véi nhau tir nhiéu quan hé co thé
nhom lai thanh mot phan ving (partition). Mdi
phén vung chi dugc chira mot site[11].

Céc b trong H-Store dugc luu trir trong bd
nhd chinh trén mdi nét. Ung dung OLTP tir
phia nguoi dung thuc hién cac truy vén t6i hé
thong H-Store dé thuc thi cac thu tuc luu trir
(stored procedures) da dugc dinh nghia trudc.
Moi thi1 tuc duoc xac dinh bai mot tén duy nhét
va chita md diéu khién c6 ciu triic pha tron v6i
ngoén nglt SQL (Structure Query Language)
duoc tham s hoa. Mot thé hién cua thu tuc
duoc khoi tao bdi tng dung OLTP 1a mdt giao
tac (transaction). Giao tac trong H-Store dam
bao day du tinh ACID (Atomicity, Consistency,
Isolation, Durability) ddi véi mot hé quan tri
truyén thong.

Hién nay, ngoai viéc dua ra hé théng H-
Store phuc vu nghién ctu va danh gia, nhom
nghién cuu H-Store da dua ra ban thuong mai
VoltDB [9] dé c6 thé trién khai cac tmg dung
thuc tién. Dya trén mo hinh H-Store, chung t6i
s& tién hanh thir nghiém véi bai toan ding ky
16p mén hoc tin chi tai PHQGHN trén VoltDB.
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4. Bai toan dang ky 16p mon hoc tai PHQGHN

Hién nay PHQGHN da cho phép cac sinh
vién ding ky tryc tuyén cac 16p moén hoc dau
mdi ky dya vao danh sach cac 16p mén hoc
dugc nha truong xay dung. Tuy nhién, hé thong
dang ky nay dugc xay dung dua trén hé quan tri
co so dir truyén thong. Trong thuc té, vao thoi
diém m¢o thong bao, hau hét cac sinh vién déu
thuc hién dang ki cac mon hoc minh du kién
hoc dong thoi, dan dén tinh trang thudng xuyén
qué tai cho hé thdng.

Trong bai bao nay, nhu da trinh bay & trén,
chung t6i nghién ciru cac dic tinh va hidu suat
ctia hé thong theo hudng dua tit ca dir liéu vao
bd nhd chinh, trén co so d6 thiét ké cac bang dit
lidu va cai dat thir nghiém mot sé mé dun co
ban cua hé théng quan 1y dao tao (dang ki 16p
moén hoc, cap nhat diém) trén 2 hé quan tri
VoltDB va MySQL dé so sanh hiéu ning.
Trong thyc nghiém nay, dir li¢u vé mon hoc,
nganh, chuong trinh dao tao dugc chung toi sir
dung toan bd nhitng dir li€u tai trudong Pai hoc
Cong ngh¢ - PHQGHN.

Quy trinh dang ky 16p moén hoc dugc xac
1ap nhu sau:

1. Pau hoc ky phong dao tao 1ap danh sach
16p mén hoc dbi véi mdi chuwong trinh dao tao

- tén lop,

- tén mon hoc

- gido vién

- phong hoc

- thoi gian

- 86 sinh vién t6i da

2. Sinh vién thudc chuong trinh nao thi co
thé dang ki 16p hoc thudc chuong trinh d6 véi
diéu kién

- L6p d6 chua qua s tdi da,

- Sinh vién khong vi pham mén diéu kién
tién quyét ddi voi mén hoc,

- Sinh vién chua ding ki qua s tin t6i da
duoc phép trong 1 ky.

- Khong trung lich hoc véi mén khac da
dang ki

Trén thuc té, hé théng quan ly dao tao hién
nay chua kiém tra dugc hét cac rang budc, con
dan dén rat nhiéu tinh trang sinh vién vi pham
diéu kién tién quyét, trung lich, ...

5. Thuc nghiém

Chung t6i da tién hanh mo hinh hoa bai
toan trén theo mo hinh quan hé - thuc thé va
tién hanh cai dat ung dung thir nghiém trén ca
hai h§ quan tri CSDL: IMDB voi VoltDB va
truyén thong voi MySQL.
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>
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Hinh 3. Lugc dd CSDL thuc nghiém.

Moi truong thuc nghiém dugc tién hanh
budc dau trén cung may tinh cdu hinh CPU
Intel(R) Core(TM) i5-3317U, 4GB RAM, cai
h¢ diéu hanh Ubuntu 13.04.3 LTS.

Toan bd lugc dd ciing nhu yéu cau ddi voi
hé thdng dang ky 16p mén hoc tin chi duoc cai
dat trén MySQL x86-64 phién ban 5.6 va
VoltDB phién ban 4.0. Bé danh gia hiéu ning
ca hai hé quan tri nay, chung t6i dya trén chuan
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cong nghiép TPC-C dé danh gia hiéu niang véi
cac hé¢ quan tri CSDL (TPC-C - Transaction
Processing Performance Council) [12] va tién
hanh higu chinh dé phu hop véi bai toan dit ra.

Két qua thyc nghiém véi ca hai hé quan tri
néu trén thu dugc nhu sau:

Béng 1. Két qua dénh gia hiéu ning tong hop

S sinh MySQL VoltDB (4 partiton)
vién (giaotac/s) (giaotac/s)
10.000 42.6 2375.5
40.000 42.8 2358.9
60.000 425 2350.2
100.000 30.8 2501.5

Vi két qua thuc nghi¢m dat duoc, ta théy:
voi s lugng sinh vién tang 10 lan, hiéu suit
trung binh cua ung dung trén MySQL da giam
dang ké, trong khi trén VoltDB van 6n dinh va
nhanh hon khoang 55 1an so v6i MySQL. Mot
diém can nhin manh thém ¢ day 1a hiéu ning
chi khoang 40 giao tac/gidy voi hé quan tri
truyén thong thi tai nhimg thoi diém ding ky
16p tin chi, hoan toan c6 thé x4 ra tinh trang qua
tai, tham chi ca cho doi vo han (deadlock) khi
c6 ¢& khoang mot vai tram sinh vién truy cép
ddng thoi vao hé thong.

Thuc nghiém trén ciing cho phép khing
dinh, tuy c6 hé théng tinh toan hiéu ning vira
phai (may tinh ca nhan), VoltDB da cho phép
xtr Iy dong thoi truy van ciia khoang 2300 sinh
vién. V&i lugong sinh vién nhu & trudong Pai hoc
Cong nghé (~600 sinh vién mdi nim), hiéu
nang nay cho phép du dap tng duoc tit ca yéu
cau ding ky 16p tin chi cta sinh vién toan trudng.

7. Két ludn

M6 hinh H-Store thuc sy khai thac duoc
nhiing thé manh vé nhitng kién trac da nhan, hé
thong cluster va dic biét 1a moé hinh CSDL
trong bo nhd. Véi nhitng tinh nang dé, hé quan

tri nay cho phép nang cao dugc hi€u nang xu ly
cac giao tac dong thoi tir phia ngudi dung, minh
chtng duoc wu diém cua IMDB so véi hé quan
tri truyén thong.

Thong qua thyc nghiém voi bai toan sinh
vién dang ky truc tuyén 16p mén hoc tin chi,
chung t61 d2 minh ching 1o rét sy qua tai cua
hé théng nay véi mé hinh CSDL truyén thong.
Va dya tréncai dit caa H-Store, VoltDB, két
qua thyc nghiém cho phép khing dinh duoc
IMDB giai quyét triét dé van dé qua tai ctia hé
thong ding ky 16p mon hoc trong PHQGHN
thong qua viéc nang cao hiéu nang (khoang 55
1an) so véi hé quan tri CSDL truyén théng.

Trong thoi gian tdi, chung t6i s& tién hanh
phdi hop cing cac don vi khac trong PHQGHN
dé co thé thir nghiém thyc té mo hinh giai phap
néu trén, truc tuyén trén Internet.
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Improving the Transaction Processing Performance by Using
In-memory Database Model

Vi B4 Duy, Du Phuong Hanh

VNU University of Engineering and Technology, 144 Xudn Thuy, Hanoi, Vietnam

Abstract: The traditional database management systems are based mainly on the exploitation of
single-CPU computer and megnetic storage devices. These models do not fully exploit the
technological advantages of large amout of main memory, even terabytes. This paper presents an

emperical approach to use the H-Store model in order to improve the transaction processing
performance and evaluate it based on the real problem at Vietnam National University: the online

course registration system is always over-load. Our experiment allows us to validate the advatages of
in-memory database model and to overcome the real problem of the online course registration.

Keywords: In-memory database, H-Store, transaction processing.



