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CO CHE PONG BQ HOA LIEN LUQC PO CHO CAC UNG DUNG
CO SO DU LIEU PHAN TAN

A FLEXIBLE CROSS-SCHEMA SYNCHRONIZATION MECHANISM FOR
DISTRIBUTED DATABASE SYSTEMS

HOANG XUAN TUNG '
'Khoa Céng nghé Théng tin, Truong Pai hoc Cong nghé, PHOG HN

Email: tunghx@vnu.edu.vn

Tém tit: Pong bg hod co sé dir liéu la mét trong nhitng tinh ning quan trong trong
cdc hé thong tinh todn phdn tan. Pong bé hod lién luge do (cross-schema) cho phép viéc
dong bé hod cé thé thue hién dwoc trong méi truong co sé div liéu khéng dong nhdt noi ma
cdc co sé dir lidu cé cdu tric khdc nhau van thuc hién déng bo dir lieu dwoc voi nhau.
Trong bdi bdo nay, ching téi gidi thiéu XSync, mot middleware duge thiét ké nham phuc vu
thuc hién viéc dé‘ng bé hod lién luge do mét cach hiéu qud cho cac hé thé'ng stk dung co s&
dit liéu. Vi XSync, nha phat trién phan mém cé thé dé dang tich hop kha nang dong b dir
lidu vdo hé thong IT ciia minh mét cach linh hoat véi chi phi phdt trién thdp nhung van dem
lai nhiéu loi ich 16m vé mdt tinh nang ciing nhu hiéu nang.

Tir khoa: cross-schema, database, synchronization, ETL

Abstract: Database Data synchronization between distributed databases is an essential
feature of computation systems. Cross-schema database synchronization allows data to be
transfered among heterogeneous database environments, in which databases are different
from each other not only in database platform but also database schema and its internal
data. In this paper, we introduce XSync, a middleware that is specially designed to solve the
problem of cross-schema synchronization in an efficient way. Using XSync, system
developers can easily integerate advance synchronization capabilities into their systems.
XSync brings flexibility and greatly extends the systems with low development cost.

Keywords: cross-schema, database, synchronization, ETL

1. PAT VAN DE

Co so dir liéu quan hé (CSDL hay database) 1a mot phan khong thé thiéu trong cac hé
thong tng dung va dich vy hién nay. Tuy thudc vao yéu cau hiéu ning va kha ning mé rong
cta tmg dung, hé thong co thé dugc kién tric va thiét ké voi nhiéu CSDL dugc dong bd hoa
v6i nhau dudi nhiéu hinh thire. Cac kich ban tng dung dién hinh cua dong bd hoa CSDL ¢
thé ké dén la déng b hoa gilra local database va cloud database, hay viéc nap dir liu vao
data warehouse [5]. Hinh thitc dong bd hoa don gian nhit c6 thé ké dén 1a nhan ban
(replication) 0. Khi d6, cac CSDL ¢6 ciu tric ciing nhu 13 dit liéu gidng hét nhau. Tuy nhién
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viéc dong bo hoa s& trd nén manh mé va linh hoat hon néu cho phép cac CSDL tham gia
ddng bo hoa duge phép khac nhau vé cau trac (schema) ciing nhu 14 dit liéu bén trong. Noi
cach khac, co ché dong bd hoa dugc mong chd 14 "cross-schema" thay vi co ché nhan ban
(replication).

Néu cic co ché dong bd hoa nhan ban 1a dugc thuc hién theo hudng "database approach”
trong do déng b hoa dugc tich hgp thanh chiric ndng ctia cac hé quan tri co sd dit li¢u 0, thi
dong bd hoa cross-schema 1a thach thirc hon va thuong dwoc thyc hién theo hudng
"application approach" [4][6]. Pong bd hoé cross-schema do phu thudc chit ché vao CSDL
cta tng dung nén viéc xay dung déng bo hoa nhu thé ndo sé tuy thudc vao ting tmg dung.
Viéc thuc hién trién khai déng b0 hoa cross-schema cho mot hé théng phan tan do vy la kém
linh hoat va c6 chi phi cao do gﬁn nhu 1a phai thyc hién lai viéc phat trién tir dau cho ting
truong hop khac nhau. Trong bai bao nay, ching toi dé xuat mot giai phap hd tro dong bo
hoa CSDL, tén la XSync, cho cic tng dung nhiam gitp viéc trién khai cross-schema
synchronization tré nén linh hoat va hiéu qua hon. XSync giai quyét bai toan dong bo CSDL
theo hudng "semi-application approach" trong d6 ngudi ding thay vi phai phat trién lai chirc
ning dong bo cho tmg dung ciia minh s& chi can soan mot file cdu hinh trong d6 dinh nghia
chinh xac cac thudc tinh chuyén d6i giita CSDL ngudn va CSDL dich. Dya vao thong tin ciu
hinh @6, hé théng XSync s€ tu dong trich xuat dit liéu tir CSDL nguén, thue hién viée chuyén
d6i dir liéu va nap vao cac CSDL dich & xa qua nhiéu cac co ché két ndi mang linh hoat khac
nhau nhu request/reply hay push/pull.

2. CAC NGHIEN CUU LIEN QUAN

Nhan ban co s¢ dir liu hay phan cum co s& dir liéu [8] 1a cac phuong an dong bd
datatabase nham ting cudng kha ning mé rong cia hé thong. Cac phuong an dong bo nay la
thugc nhom giai phap dua trén chirc ndng cua hé quan tri co s¢ dir li¢u (database-based
approach). Cac co ché nay 1a 1a hiru dung cho cac kich ban tmg dung nhu backup dir liéu,
tang tbc do truy xuét database va thuong duoc trién khai trong méi truong mang ndi bo hodc
data center. Tuy nhién mo hinh nay hiém khi duoc trién khai thyc hién trong mdi truong
mang dién rong hay dong bd gitta co s& dit liéu dia phwong va co so dir liéu dam may do: (1)
thiéu tinh linh hoat trong dong b dit liéu, (2) lugng dir liéu dong bo 16n va (3) viéc mat mat
dit liéu trong qué trinh ddng bod c6 thé khién qua trinh dong bo khong con lam viée duoc.

Bén canh céc gidi phap dua trén hé quan tri co s¢ dir li€u, cac gidi phap dua trén Ung
dung (application-based approach) 1a linh hoat hon va cé thé dugc trién khai trong moéi
truong mang dién rdng hodc mang Internet cho cac ung dung nhu local-cloud
synchronization. McCormick, Zach, va Douglas C. Schmidt [4] dua ra mot vai kién triic cho
viéc dong bo dir liéu. Cac mau kién trac dugc trinh bay mo ta ra cac cAu trac td chic co ban
cia hé thdng dong bo tang Gmg dung, cac chic ning va nhiém vy cua ting hé thdng con,
cling nhu céc luat va cac hudng dan cho viée t6 chirc phdi hop giita cac hé théng con. Hai
kién tric tiéu biéu dugc dua ra 1a Asynchronous Data Synchronization and Synchroneous
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Data Synchronizaton, cho cac ung dung mobile. Mac du céc giai phap trong [4] 1a linh hoat
va thuc tién, tuy nhién cac dé xudt nay khong cung cip duoc kha ning chuyén d6i schema
cling nhu la dir liu gilra cac database.

V6i sy phét trién ngay cang nhanh ctia mang internet, viéc c6 duge cac co ché dong bo dir
liéu khong dong nhit cho méi trudng doanh nghiép 14 rat quan trong. Kha nhidu nghién ctru (vi
du nhu [8][9]) di duoc dua ra nhim cung cip cac giai phap dua trén middleware tuong ty nhu
XSync dé cung cip kha ning dong bo dir liéu cho tmg dung trong nhiéu hoan canh va tinh
hudng khac nhau. Tuy nhién, tvong tu nhu [4] cac giai phap nay khong chii trong dén van dé
chuyén d6i cdu trac dit liéu ciing nhu dir liéu bén trong gitra cac co so dit licu.

Gan nhit voi nghién ctru ciia bai bao nay, theo nhitng gi ching t6i duoc biét, ¢ 1& 13 mo
hinh ddng bo ETL [7]. ETL 1a viét tit ctia Extract-Transform-Load, 1a 3 giai doan ctia mo
hinh va duoc thyc hién lién tiép nhau cho mét chu trinh dong bo di liéu:

+ Giai doan Extraction: Hé théng ETL truy xuét vao hé théng nguén va trich xudt dir
liéu. Muc dich ctia giai doan nay 1a dwa dit liéu vé dang pht hop cho giai doan sau 1a giai
doan Transform.

+ Giai doan Transform: Trong giai doan nay, mot loat cac budc chuyén doi dix liéu duge
ap dung vao di liéu co dugc tir giai doan extract. Mot vai dang chuyén doi dir liéu dién hinh
cua giai doan nay gém: "lr?iy mot truong dir liéu cu thé", "translate gia tri", "tinh ra gia tri moi
tir gia tri dau vao", hay "phén tach dir liéu dau vao thanh cac manh dit liéu con".

+ Giai doan Load: Ghi dit liéu sau giai doan Transform vao hé théng dich.

Nhu vay, ETL 13 hd tro déng bo cross-schema. Tuy nhién, ETL 1a khong hoan thién cho
céc chirc ning dong bo hoa dir liéu do khong hd tro tai nap dir liéu dan dan (incremental
update), khong quy dinh dugc 16 rang co ché truyén thong giita ngudn, dich, va khong dugc
t61 uu cho cac tinh chit bao mat va thoi gian thuc cua hé théng.

3. PHUONG PHAP DE XUAT

Mot cach ngian gon XSync tiép nhan cach tiép can ctia ETL cho chuyén dbi dit liéu va ca
cach tiép can cua [4][8][9] cho viéc kién triic dong bd hoa. Ngoai ra XSync chu trong giai
quyét cac yéu cau cot 16i sau: (1) Change Data Capture: nhan biét va thu gom cac thay d6i
cia database ngudén dé hd tro incremental synchronization; (2) ETL-based Data
Transformation: co ché chuyén d6i t6i wu dwa trén ETL; (3) Bidirectional Synchronization:
co ché dong bo 2 chiéu, cho phép cac co s& dit liéu dong bo 13n nhau.

a) Change Data Capture (CDC)

C6 thé ¢ hai phuong 4n dong bd hoa: ddng bd hod toan b (complete synchronization)
va déng b6 hoa dan dan (incremental synchronization). V&i déng b6 hoa toan b9, toan bd nodi
dung cta database nguén duoc sao chép sang database dich. pé cdp nhat dit liéu mdi duoc
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sira d6i & database ngudn sang database dich, toan bd qué trinh ddng bo phai duogc thue hién
lai tir dau. Vi dong bd hoa dan dan, chi nhitng phan dit liéu khac biét & co so dit liéu ngudn
la duoc chuyén sang co so dit li¢u dich. Pé thuc hién déng bd dan dén, cac co ché co thé
duoc st dung bao gom: sir dung trigger gan vio trudc cac sy kién stra doi & CSDL ngudn,
hodc danh nhén thoi gian (timestamping) va cac ban ghi & CSDL ngudn.

Vi XSync, co ché Change Data Capture sir dung co ché timestamping danh nhin thoi
gian cho cac ban ghi. Mdi ban ghi trong co s¢ dir liéu s& duoc bd sung hai truong nhén thoi
gian la "updatedAt" va "deletedAt". Hai truong nhan di liéu nay s€ dugc cap nhat thoi gian
khi ban ghi twong g duoc tao ra hay sira d6i. Voi xu hudng phat trién phan mém hién nay,
hau hét cac tng dung co s dit liu déu st dung cac thu vién ORM (Object Relation
Mapping) va viéc danh timestamp vao co so dit liéu 1a da duoc tich hop sin trong ORM hoic
c6 thé duoc bd sung mot cach twong ddi don gian.

Dua trén cac nhan thoi gian, viée loc bo cac dir liéu da dugce déng bo, giit lai cac dir liéu
méi dugc stra doi 1a twong dbi don gian. Tién trinh XSync gin véi co s¢ dir liéu ngudn s&
dugc chay ngim va thyc hién dong bo dinh ky sau nhitng khoang thoi gian 7' c6 dinh. Sau
mdi phién dong bo thanh cong XSync luu lai nhdn thoi gian ciia phién dong bo d6. Nhimng
ban ghi nao trong co s¢ dir li€u dich c6 nhan thoi gian 16n hon nhan thoi gian luu lai cua
XSync s& duoc dwa vao phién dong bo tiép theo.

b) ETL-based Data Transform (EDT)

Co ché CDC mé ta & muyc a. cung cép dir liéu ngudn cho khéu chuyén déi dit liéu ETL-
based Data Transform. O khdi chiic ning nay, céc transformation function duoc dinh nghia
trong file ciu hinh synchronization schema. Synchronization schema 13 mot tap hop cau tric
st dung ky phap JSON dé mo ta: (1) cac bang dit liéu can dugc dong b trong co s¢ dir liéu
ngudn; (2) cac anh xa (mapping) tir bang ngudn sang bang dich, ciing nhu cc 4nh xa tir mot
cot trong bang ngudn sang mot cot twong ing trong bang dich; (3) va cac ham chuyén doi dir
liéu ciia timg dir liéu bén trong cac ban ghi. Cac ham chuyén ddi dir liéu ma XSync hd tro 1a
cac ham kha nghich. Ly do ma chi ¢6 cac ham kha nghich dugc hd tro 1a XSync can hd tro
ddng bo ca hai chiéu.

D¢ hiéu r6 hoat dong ctia XSync, ta hay xem xét mot vi du trong dé bang "student" &
CSDL nguén duoc dong bd sang bang "hoc sinh" & CSDL dich. Ngoai ra, cic cot
"idStudent", "name", "address", va "class" ctiia bang "student" dugc anh xa tuong tng thanh
cac cot "idHS", "ten", "dia_chi", va "lop" ctia bang "hoc_sinh". Pong thoi, cac gia tri ciia cot
"name" & bang "student" s& dwoc chuyén doi thanh chir hoa & cot "tén" trong bang
"hoc_sinh". Véi truong hop vi du trén, synchronization schema tuong tng dugc cho & Hinh
1 dudi. Nhu c6 thé thay trong vi du, ky phép ciia synchronization schema 1a truc tiép va dé st
dung.
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"from table": "student",

"to_table": "hoc_sinh",
"mappings": {
"idStudent": "idHS",
"name": "ten",
"address": "dia chi",
"class": "lop"
by
"transformation": {
"forward": {
"name": "UPPERCASE (%ten%)"

b
"backward": {

"ten": "LOWERCASE (%$name%)"

}

Hinh 1. Vi du mét Synchronization schema trong dé ¢é chuyén déi tén bang,

tén truong, va dir liéu trong truong.

Thém vao d6, dé dam bao sy tin cdy va chong chiu 18i ciia qué trinh dong bo, viéc dong
bd trong XSynch dugc thuc hi¢n theo hinh thuc cua cac giao dich (database transaction) &
phia CSDL dich. Viéc thuc hién dong bd biang giao dich CSDL cho phép phién dong bd c6
thé rollback vé trang thai cii trong trudng hop c6 15i xay ra.

¢) Bidirectional synchronization

Véi co ché CDC va EDT md ta & trén, dong bo dit litu mot chiu (unidirectional
synchronization) 1a kha thi v&i sy trg giup ciia framework truyén thong (communication
frameworks) vi du nhu Webservice, Remote Procedure Call (RPC), hay messaging. Dé thuc
hién XSync, ching t6i lya chon st dung ZeroMQ [10] béi su tin cdy, tinh gon nhe, va kha
ning hd tro nhidu phuong thic giao tiép bao gébm Request/Reply (gibng RPC va
Webservice), va Push/Pull (giéng messaging). Han ché duy nhét c¢6 18 1a ZeroMQ 1a cung cip
cac API hd tro & muc thip, didu do khién cong strc va d6 phic tap ting 1én khi sir dung. Tuy
nhién XSync chi can phat trién mot lan va dung di dung lai cho cac tmg dung khac nhau nén
tinh hiéu qua cua XSync cho bai toan dong bo dir lidu 1 duge bao toan.

Dua trén déng b6 1 chiéu, déng bd hai chiéu bidirectional synchronization dugc thuc
hién bang cach két hop hai kénh dong bo mot chidu v6i nhau nhur minh hoa trong Hinh 2

Extract [E—

Load .

Hinh 2. Bidirectional synchronization bang viéc két hop hai kénh dong bé unidirectional.

Load

A\

Extract
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4. THI NGHIEM VA PANH GIA HIEU NANG

Dé danh gia tinh chinh xac ciia dong bd do XSync mang lai ciing nhu hiéu ning xir Iy
cia XSync, mot vai thi nghiém chay thir di duoc thiét 1ap trong méi truong phong thi
nghiém. Trong cac thi nghiém ciia chung t6i, cac co s& dit lidu ngudn va dich 1a cac CSDL
MySQL. Bén phat trién (development version) hién tai cia XSync duoc trién khai bang ngon
ngit Javascript chay trén nén NodeJS version 8. Cac co s& dit liéu mau duoce st dung dé thuc
hién dong bo hoa thir nghiém gém 3 bang: bang "city" chira trén 4000 ban ghi; bang
"language" chira 239 ban ghi; va bang "countrylanguage" chua 984 ban ghi. Hé thdng thi
nghiém dwoc cai dit trén may tinh 8GB RAM, b xu 1y Intel Core 17 2.6GHz véi 8 nhan,
chay hé didu hanh Ubuntu 64bit 16.04. Ban MySQL sir dung trong céc thi nghiém cta chiing
to1 cO phién ban 5.7.

Diu tién cac thi nghiém danh gia hoat dong cua XSync & ché d6 dong bo 1 chidu duge
thuc hién. Trong cac thi nghiém nay, mot co s dit liéu dugc nap dit liéu thir nghiém nhu moé
ta & trén roi dong bo toan bd sang co so dit liéu dich von ban dau 1a rong. Tiép d6 cac ban ghi
moi duge thém vao hodc cac ban ghi hién c6 dugc sira ddi vao CSDL nguén theo tung batch
100 ban ghi mot. Hé thdng XSync s& ty dong dong bo dit liéu sang co s dir dich va thong
lwong déng bo duge do dac lai. Két qua thi nghiém duoc tom tit lai & Bang 1 dudi day

Bdng 1. Két qud chay thu déng bo mét chiéu & cac diéu kién déng bo va chuyén déi khac nhau

Dic diém ddng bd Dic diém chuyén déi Synchronization | Throughput
(Sync. characteristics) (Transformation characteristics) Accuracy (record/s)
Fresh synchronization No transformation Chinh xac 1899
Schema only Chinh xac 1847
Schema & data Chinh xac 1612
Incremental sync. for new | No transformations Chinh xac 243
records Schema only Chinh x4c 192
Schema & data Chinh xac 183
Incremental sync. for No transformations Chinh xac 287
updating records Schema only Chinh xac 230
Schema & data Chinh xac 207

Sau khi hai co so dit liéu ngudn va dich d cé dir liéu dong bo. Cac thay doi duoc thuc
hién dong thoi trén ca hai co s¢ dit liéu dé danh gia hoat dong cua XSync khi dong bo dit liéu
hai chiéu. Giéng nhu khi thi nghiém danh gia ddng bo 1 chiéu, cic sira d6i hodc thém méi s&
dugc thyuc hién theo ting batch 100 ban ghi mét 1an. Két qua thu dugc khi danh gia hoat dong
ctia XSync khi thuc hién ddng bo 2 chiéu dugc tom tit trong Bang 1
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Bdng 2. Két quad chay thu déng bo mét chiéu & cac diéu kién déng bo va chuyén déi khac nhau

Pic diém ddng bo (Sync. Pic diém chuyén doi Synchronization | Throughput
characteristics) (Transformation characteristics) Accuracy (record/s)
Incremental sync. for new | No transformations Chinh xac 105
records Schema only Chinh xac 109
Schema & data Chinh xac 88
Incremental sync. for No transformations Chinh xac 110
updating records Schema only Chinh x4c 101
Schema & data Chinh xac 89

Quan sat cac két qua thi nghiém trong bang 1 va 2 ¢ thé cho thiy XSync la twong d6i
hira hen dé co thé ap dung va tmg dung thuc té. Luu y 13 hién tai XSync méi dang trong giai
doan phat trién va con c6 kha nhidu doan ma chua dugc tdi uu. XSync s€ chay nhanh nhét
khi thyc hién dong bé dir liéu méi (Fresh sync.). Khi d6 s& khong c6 overhead dé nhan biét
va tong hop nhitng cap nhat moi. Véi trudng hgp dong bo dan dan (incremental sync.), thong
lwong cap nhat 1a giam di dang ké (khoang 7 dén 8 1an) so v6i khi dong bé méi. Néu so sanh
thong lwong ddng bo giira cac trudng hop khac nhau cia dic diém chuyén d6i dir lidu, ta co
thé thay su khac biét 1a twong dbi nho so voi sy khac nhau giita dong bo méi va dong bo dan
dan. Nhu vy chi phi 16n nhat cho qué trinh déng bd cia XSync ndm ¢ khdu CDC (Change
Data Capture). Diéu nay theo hiéu biét ciia chung t6i 1a hop Iy va Iy giai duge. CDC sé lién
quan chit ch& dén hoat dong truy van database dé loc duoc ra cac ban ghi can dong bo. D6 1a
cdc cau truy van SELECT véi cac ménh d&6 WHERE. Trong khi d6, chi phi dé thuc hién
chuyén ddi dit liéu chi 1a cac thao tac transform trén cac ban ghi dit li€u thu dugc va s€ tbn it
tai nguyén tinh todn hon nhiéu néu so véi cac truy van tir CSDL.

5. KET LUAN

Trong bao c4o nay ching toi di trinh bay mot giai phap dong bdo méi XSync giup cac
{tmg dung hay dich vu sir dung co s& dit liéu c6 thé dé dang dong bd véi nhau ngay ca khi cdu
trac co so dit liéu dich va co so dit liéu ngudn 1a khac nhau. XSync c6 thé thuc hién dong bo
dir liéu dan dan, timg phan, ciing nhu cho phép dong bo dit liéu hai chidu. Qua cac két qua thi
nghiém chay thir, cé thé thiy 1a XSync du ¢ thé chua thyc tdi wu dé c6 hiéu ning cao nhit
nhung hoan toan dap tng yéu cau 1a mot cong cu manh, linh hoat trong rat nhiéu tinh hudng
can su déng bd co so dit liéu trong hé théng.

XSync hién méi chi tap trung vao déng b0 cac bang dit liéu ma chua thyc hién viée déng
bd cho cac dit liéu hd tro nhu index, trigger, hay store procedure. Viéc hd trg ddng bd cac
dang dir liéu nay ciing c6 thé dem dén nhiéu loi ich trong nhiéu tinh hudng tmg dung thuc té
va s& 1a muyc tiéu nghién ctru tiép theo cia chiing toi.
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