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TOM TAT— Phuwong phdp thao téc diF liéu (INSERT, UPDATE, DELETE) truyén thdng chi cho phep truy cdp div lidu & thoi diém
hién tai. Anchor Modelmg cho phép truy cdp dén dir lidu toan canh & bat ky thoi diém ndo trong qud khir thong qua cdc khung nhin
va cdc ham do nguoi ding dinh nghia. Cac khung nhin va ham ndy sv: dung cac truy van SELECT bao gém phép néi ngodi va ham
gop MAX. Vé y twéng, khung nhin chi muc hod ciia SOL Server c6 thé hé tro dé cai thién hiéu nang. Tuy nhién, SOL Server khong
ho tro khung nhin chi muc hod voi phép noi ngoai va ham MAX. Cong trinh ndy de xudt nghién civu can thiép md nguon ciia Anchor
Modeling dé (1) sinh cdc bang dit liéu chira két qua thie thi cdc khung nhin cudi va cdc ham; (2) sinh tw dong cdc trigger trong
ngon ngit T-SQL thuc hién cdp nhdt gia tang d‘dng bé két qua dwoc chita trong cdc bang dé. Khi do, nguoi ding cé thé doc dit liéu &
mét thoi diém trong qud khit hodc hién tai tir cac bang thay Vi thiee thi cdc khung nhin va ham. Két qua thir nghiém theo nhiéu kich
ban khdc nhau cho thdy cdch tiép cdn ciia nghién ciru ndy mang lai hiéu qud cao.

Tir khéa— Anchor modeling; can thiép mé nguon, dir liéu trong qud khir; sinh tw dong trigger; T-SQL
I. GIOI THIEU

Dit liéu tién hod 1a dir liéu thudng xuyén c6 sy thay d6i vé noi dung, ciu triic, cic rang bude, biéu dién, ngudn
gbc va tinh xac thyc. Co so dit liéu (CSDL) thong thuong luu trir dir liéu va cho phép tim kiém trén d6. CSDL thoi
gian (temporal database) 1a CSDL luu trit di liéu trong qua trinh tién ho (under evolution) va cho phép tim kiém lich
sir trén d6. Cu thé, CSDL thoi gian cho phép truy cap dén dir liéu ¢ thoi diém cudi cing, mot thoi diém bat ky trong
quéa khtr hodc truy cap dén lich st thay doi dit liéu trong mot khoang thdi gian nao d6. Dir liéu phu thudc vao thoi gian
va thoi diém thay ddi dit liéu phai dugc ghi lai.

Anchor Modeling (AM) [1; 2] két hop chudn hoa lugc d6 quan hé va tinh canh tranh (emulation) dé cung cép ky
thuat mé hinh hoa CSDL linh hoat (agile) cho dit liéu tién hoa. AM cung cip hé thdng cac nguyén tic [3], theo d6, mod
hinh thu duoc ¢6 thé duoc trién khai theo mé hinh di lidu quan hé mot cach don gian. Két qua tryc tiép la CSDL thoi
gian dat chudn 6NF.

AM cung cép k¥ thuat mé hinh ho4 di liéu tién ho4, cong cu mé hinh hoa truc quan trong ché do twong tac, kha
nang sinh ty dong cac kich ban dé chuyén tir so dd thiét ké dugc sang CSDL vt 1y trong md hinh dir liéu quan hé. AM
hd trg nhiéu hé quan tri (HQT) CSDL khac nhau nhu Oracle, SQL Server, PostgreSQL... AM ciing sinh tu dong cac
khung nhin va cac ham gitp truy cap dén dir liéu o thoi diém cubi cung, dir liéu & thoi diém bat ky trong qua khir hodc
truy van thong tin thay doi dir liéu trong mét khoang thoi gian hay toan bg qua trinh thay d01 cua CSDL. Cac dbi tugng
dir liéu dic biét nay trén thuc té st dung phép ndi ngoai, truy van 16ng dong bd hogc truy van 16ng bao gom phep gop
nhém va ham MAX nhu 12 bang 4o [1; 2; 4]. RS rang, cac truy van ndy c6 thé yéu cau tai nguyén cua hé théng rat 16n.

) Khung nhin thyc (materialized view) cho phép tang dang ké tbc do thyc thi truy van [5-8], c6 thé duoc sir dung
de giai quyct van d¢ nay. Tuy nhién, khung nhin thyc con goi 1a khung nhin chi muc hoa trong SQL Server khong cho
phép ndi ngoai, phép gdp nhém va ham gép MAX [8].

Nghién ciru nay thuc hién diéu chinh ma ngudn ciia cong cu md hinh hoa AM dé:

- Sinh cac bang thyc khung nhin cubi (BTKNC) thay vi sinh cac khung nhin cubi (latest view) khi dugc
nguoi dung lya chon. Cac BTKNC nay s€ luu trit két qua thyuc thi cia khung nhin cudi.

- Sinh cac bang thyc ham theo thoi diém (BTHTTD) thay vi sinh cac ham theo thoi diém (point-in-time
function) khi dugc nguoi dung lya chon. Cac ham theo thoi di€m nay s€ luu trir két qua thyc thi cua ham
theo thoi diém.

- Sinh tu dong cac bay su kién (trigger) trén tat ca cac bang lién quan dé thuc hién cap nhat gia ting dong bd
BTKNC va BTHTTD tmg v&i mdi giao tac thay ddi dit liéu thong qua thao tac thém méi ban ghi trong AM
(céc thao tac thém, sira, xoa trong CSDL thong thuong) trén cic bang do.

- Cubi cung, xdy dung cac kich ban danh gia dwoc xdy dung, thuc thi va so sanh giira giai phap d& xut va
truong hop CSDL AM nguyén ban.

Trong phﬁn 2, tac gia trinh bay vé AM, khung nhin cubi va ham theo thoi diém trong AM. Phéan 3 bao gdm

ndi dung vé diéu chinh ma ngudn ctia hé thong mo hinh hod AM, sinh ma cdc BTKNC, BTHTTD va cac trigger
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thyc hién cap nhat gia ting dong bo cac BTKNC va BTHTTD. Phan 4 bao gom ndi dung vé thir nghiém va dénh gia
két qua thu dugc.

II. ANCHOR MODELING
A. Mo hinh hod dir liéu véi Anchor Modeling

AM cung cép co ché mo rong khong huy (non-destructive extensibility mechanisms), theo d6 cho phép kha
nang quan tri thay d6i dir lidu rat manh va mém déo [1]. Céc thao tac dir li¢u thong thuong lam cho ngudi dung chi c6
thé truy cap dén phién ban dit liéu cudi ciing, khong thé truy cap dén cac phién ban dit liéu trong qua khir. Dac biét, cac
thao tac cap nhat (update) dir liéu xo04 gia tri cii va thay vao d6 bang gia tri méi, thao tac xoa (delete) dur liéu thuc hién
x0d hoan toan ban ghi tor CSDL. Vi AM, lich str hoa duoc thyc hién bang cach sir dung thoi diém thay d6i dir licu.
Thoi diém nay bat dau mot khoang thoi gian két thiic boi viée thém mdi mot ban ghi mot thé hién cta thyc thé cling
dinh danh véi thoi diém thay d6i tré hon. Thay vi thay gié tri cii bang gia tri méi hay xo4 ban ghi, AM giit nguyén ban
ghi cii, thém moi mot ban ghi va danh du cac phién ban ban ghi theo thoi gian. Chang han, cho ban ghi ¢6 dinh danh
ID nao d6. Ban ghi nay ¢6 3 phién ban theo cac mdc thoi gian ty, t,, t3. Sau nay, khi can truy cap dén dit liéu vao thoi
diém t<t, ta cn xac dinh tmax = MAX(t;) v&i t; <= t theo ID va x4c dinh ban ghi/gia tri & thoi diém t theo ID va tmax.

Quan trong hon, cac tic gia cia AM dua ra phuong phap mo hinh hoa dit liéu chinh quy va doc 1ap vadi cong
nghé mai. Véi cach tiép can linh hoat, AM cho phép tai cAu tric cac CSDL, dic biét kho dit lidu, mot cach d& dang.
AM ciing cung cip hé thong cong cu phat trién CSDL, tir mtrc khai niém v&i méi truong tryc quan, mém déo linh hoat
cho dén kha ning sinh cac kich ban dé tao CSDL vat 1y trong nhiéu HQT CSDL khac nhau nhu Oracle, SQL Server,
PostgreSQL...

Nhin chung, AM mang lai ddy du cac loi ich [2] ciia CSDL dat dang chuan 6NF: i) Quan ly va xir Iy dugc dir
lidu tién hod, dam bao tinh toan ven cua dir liéu theo thoi diém bat ky; ii) ting vong doi ciia CSDL so vé6i vong doi
trung binh 5 nam,; iii) don gian hoa cac khai niém moé hinh hoa (modeling concepts), giam thiéu hoé 16i mé hinh hoa;
iv) cho phép phit trién theo mo-dun va ting truong timg budc; v) chuyén ddi sang CSDL vt 1y don gian; vi) cho phép
va hd trg cong cu sinh tu dong cac kich ban tao CSDL vat 1y cling nhu cdc khung nhin, cac ham can thiét; vii) dac biét,
chi quét nhitng dit lidu can thiét trong trong qua trinh xir 1y truy van nhd mdi ¢t dwoc lwu trit riéng 1é trong timg bang;
viii) khong chap nhan NULL nén khic phuc dugc van dé dir liéu thua thét trong CSDL thong thuong. Néu dir liéu
dugc luu trit theo timg thudc tinh trong ting bang riéng biét, khi can truy van dit liéu tir nhiu bang ta phai thuc hién
phép ndi. Phép ndi va phép gdp nhom 1a hai phép toan dat do nhit cia truy van chon dir liéu trong mo hinh dir liéu
quan hé. Tuy nhién, theo cac thur nghiém trén lugng dir liéu 16n (hang chuc GB véi hang chuyc triéu ban ghi) [1], cho
thdy viéc phat trién CSDL quan hé theo mo hinh AM khong giy ra van dé. Pat dwoc diéu niay kha ning 1 nhd chi phi
tai nguyén tiét kiém duoc nhd khong phai quét qua dir lidu lién quan cac thudc tinh khong can thiét cho truy van di bu
dép cho phan thyc thi phép ndi.

Ngoai ra, AM cho hiéu ning t6t nhd khai thac cac cac dic diém han ché ciia CSDL dir liéu thong thuong [2], i)
trén thuc té nhiéu thudc tinh chap nhan gia tri NULL va nhiéu trudng thudng chira gia tri NULL trong CSDL; ii)
thudng sb lugng gia tri khac biét nho hon rat nhiéu so voi téng sb luong cac gia tri dir ligu; iii) cac gia tri cho khoa
hodc tr dinh danh chi chiém phﬁn nho so véi toan bo dit licu; iv) ¢ nhiéu khod; V) ¢co nhiéu thudc tinh; vi) truy vAn
chon lya dir liéu thudng chi sir dung mot vai trudng trong toan bd ban ghi chtra nhidu gia tri.

Céc khai niém nén tang trong md hinh bao gdm neo (anchor), giéi han (knot), thuc tinh (attribute), thudc tinh
hing (static attribute), thude tinh bién thién (historized attribute), thugc tinh hing gi6i han (knotted static attribute),
thudc tinh bién thién gi6i han (knotted historized attribute). Cac loai méi quan hé (tie) bao gdm quan hé hing (static
tie), quan hé bién thién (historized tie), quan hé hing giGi han (knotted static tie), quan hé bién thién gidi han (knotted
historized tie) [1].

Trong moi twong quan voi mo hinh thuc thé - mdi quan h¢ rat phé bién, co6 thé hiéu, anchor 1a tap thuc thé.
Anchor biéu dién ID cua thyc thé. Gi6i han dai dién cho mot tap luc lwong nho cac gi tri ¢b dinh theo thoi gian,
thuorng 1a nhing gia tri dung chung cho nhiéu thuc thé khac nhau. Chang han, gi6i han gi6i tinh co cac gia tri “nam”

. Thudc tinh biéu dién cic thudc tinh ciia tap thyc thé, cu thé 1a cta anchor. Thudc tinh hing 1a nhing thudc tlnh
chap nhéan gi4 tri khong thay doi theo thoi gian, chiang han ngay sinh ciia mt cong dan. Thudc tinh bién thién 1a thudc
tinh chap nhan céc gid tri c¢6 thé thay ddi theo thoi gian va can ghi lai su thay ddi nay, ching han, don vi cong tac cta
mot cong dan. Thude tinh hing gidi han biéu din méi quan h¢ gitra thue thé va gi6i han, cu thé thudc tinh chip nhan
mdt gid tri ¢b dinh nao dé tir tap sb luong nho cac gia tri; chang han, cong dan c6 ma cong dan CMT1 c6 gidi tinh nam.
Thudc tinh bién thién gio1 han biéu dién thudc tinh cua mot thue thé ¢ the chdp nhan cac gia tri khac nhau tir tap sb
luwong nho cac gia tri; chang han, cong dan c6 thé duoc xep vao cac nhoém tudi khac nhau theo thoi gian.

Mbi quan hé¢ mo ta lién két gitra hai hodc nhiéu tap thuc thé anchor véi nhau, chinh x4c hon, 1a loai mbi lién két
gifta hai hay nhiéu thyc thé véi nhau, va cling co thé 1 voi cac giéi han. C6 thé hiéu mbi quan hé hing 1a mbi quan hé
khong thay d01 theo thoi gian, chang han, 'moi quan hé¢ cha — con sinh hoc gitra hai anchor c6ng dan. N6 cling ¢6 thé 1a
vi du cho mdi quan hé hang giéi han, mbi quan hé sinh hoc gilta hai cong dan: cha-con, me-con, ong- -chdu, ba-chau,
co/di/chi/bac — chau va khong quan hé huyét thong. M01 quan hé bién thién gi¢i han dai dién cho mdi lién két chap
nhan céc gia tri khic nhau theo thoi gian tir mot tap s lugng nho cac gia tri gitra hai hodc nhiéu thyc thé véi nhau.
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Ching han, mdi quan hé ban bé, nguoi yéu, vo chdng giita hai cong dan véi nhau. Mbi quan hé bién thién 1a mbi lién
két co thé chap nhan cac gia tri khac nhau theo thoi gian tur tap so lugng 16n céc gia tri.

AM phan biét ba quan diém vé thoi gian [4]. Thoi gian thay doi (changing time) dit liéu d6i v6i cac thuge tinh
bién thién hodc mdi quan hé bién thién 1a khoang thoi gian cac gia tri cua chiing hodc mdi quan hé 1a hop 1¢ trong linh
vuc tmg dung dang dugc mé hinh hoa. Trong mé hinh anchor, thoi gian thay doi dwgc mé ta thong qua mot cot trong
bang, c6 tén goi ValidTime va co kiéu dir lidu ngay/gio. Thir hai, thoi diém xay ra (happening time) dai dién cho thoi
diém mot sy kién xdy ra trén thyc té trong linh vyc timg dung. Thoi diém nay tu than né s& 1a mot thudc tinh trong mo
hinh anchor. Thtr ba, thoi gian ghi nhéan (recording time) 1a dir lidu vé thoi diém thong tin dwoc ghi nhan. Nghién ctru
nay quan tdm hon dén hai loai thoi gian dau tién.

B. Truy cdp dir li¢u

Rang budc cua linh vuc tng dung nhu sau. C6 nhiéu co s¢ san khiu vin nghé noi cac tiét muc c6 thé dugc biéu
dién. Cac chuong trinh s€ xac dinh cac tiét muc thuc té s& duoc biéu dién trén sin khiu nao boi ngh¢ si nao. San khiu
¢6 hai thudc tinh, tén va dia diém. Tén ctia san khau c6 thé thay doi theo thoi gian, nhung dia diém thi khong. Chuong
trinh chi c6 tén cua no 1a thude tinh. Nghé si ¢6 tén 1a ngh¢ danh va c6 thé thay db6i theo thoi gian. Ho c6 gidi tinh, va
gia st gidi tinh ciia mdi nghé si 1a khong thay dbi. Ky nang nghé nghiép ciia moi ngh¢ si co thé thay ddi theo thoi gian
va dugc ghi lai. Nghé si s€ duoc chim diém cho moi tiét muc ho da biéu dién. Mdi san khéu c6 mot chuong trinh riéng
tai mot thoi diém va tit nhién chuong trinh & mdi san khau c6 thé thay dbi theo thoi gian. Quan hé huyét thong cha —
con, me - con giita hai nghé si ciing dugc ghi lai. Mot tiét muc 1a mot su kién gén lién v6i mot vi tri va thoi gian lién
quan dén mot san khdu ma chuong trinh dang dién ra boi mot hodc nhiéu nghé si. Ngudi ta ciing quan tim dén lugng
khach & mdi tiét muyc ciing nhu tong doanh thu tir tiét muc do.

Sau khi thiét k& mo hinh Anchor trén cong cu Anchor Modeler, ngudi dung co thé sinh ra cac ddi twong dir liéu
lién quan, cu thé trong trudng hop thir nghiém la trong SQL Server. Cac khung nhin cudi va ham theo thoi diém dugc
sinh ra nhu trén Hinh 1 va Hinh 2. Khung nhin cudi cho phép truy cap dén dir liéu ¢ thoi diém hién tai theo thoi gian
thuc, thoi diém 16n nhat. Ham theo thoi diém cho phép truy cap dén dir lidu ¢ thoi diém trong qua khir dugce nhap vao
1a d6i s6 cua ham, dit liéu bao gdm céc gia tri méi nhét & thoi diém d6 va thuong nhé hon gia tri thoi diém hién tai theo
thoi gian thuec.

1  create view IAC_part_ PR_in_RAT_got as 13 [RAT].RAT_ID = [AC_PR_RAT].RAT_ID_got
2 select 14 where
3 [AC_PR_RAT].AC_ID_part, 15 [AC_PR_RAT].AC_part_PR_in_RAT_got_ValidFrom = (
4 [AC_PR_RAT].PR_ID_in, 16 select
5 [AC_PR_RAT].RAT_ID_got, 17 max(sub.AC_part_PR_in_RAT_got_ValidFrom)
6 [RAT].RAT_Rating, 18 from
7 [AC_PR_RAT].AC_part_PR_in_RAT_got_ValidFrom 19 AC_part_PR_in_RAT_got [sub]
8  from 20 where
9 AC_part_PR_in_RAT_got [AC_PR_RAT] 21 [sub].AC_ID_part = [AC_PR_RAT].AC_ID_part
10 left join 22 and
11 RAT_Rating [RAT] 23 [sub].PR_ID_in = [AC_PR_RAT].PR_ID_in
12 on 24 );
Hinh 1. Khung nhin cuoi

1 create function pAC_Actor (@timepoint date) returns 17 [GEN].GEN_ID = [AC_GEN].GEN_ID

table
2 return select 18 left join
3 [AC].AC_ID, 19 AC_NAM_Actor_Name [AC_NAM]
4 [AC GEN].GEN_ID, 20 on
5 [GEN].GEN_Gender, 21 [AC_NAM].AC_ID = [AC].AC_ID
6 [AC_NAM].AC_NAM_Actor_Name, 22 and
7 [AC_NAM].AC_NAM_ValidFrom 23 [AC_NAM].AC_NAM_ValidFrom = (
8 from 24 select
9 AC_Actor [AC] 25 max([sub].AC_NAM_ValidFrom)
10 left join 26 from
11 AC_GEN_Actor_Gender [AC_GEN] 27 AC_NAM_Actor_Name [sub]
12 on 28 where
13 [AC_GEN].AC_ID = [AC].AC_ID 29 [sub].AC_ID = [AC].AC_ID
14 left join 30 and
15 GEN_Gender [GEN] 31 [sub]. AC_NAM_ValidFrom <= @timepoint
16 on 32 );

Hinh 2. Ham theo thoi diém

D& nhan thdy cac khung nhin va ham trén Hinh 1 va Hinh 2 bao gém truy van 1dng ddng bd. Cac truy van tao
khung nhin va ham nay c6 thé duogc viét lai dudi dang bao gom truy véan long nhu 13 bang 4o, dugc xem la hiéu qua
hon truy van 1ong dong bd. Trong moi trudng hop, cac truy van long nay deu chtra ham gdp nhém va ham goép MAX.
MBbi khi truy cap den khung nhin cubi hodc ham theo thoi diém, cac truy van trén Hinh 1 va Hinh 2 s& duoc thyc thi,
chic chén s& yéu cu rat 16n dén tai nguyén cta hé thong.
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IIL. GIAI PHAP PE XUAT
A. Khung nhin thuc cho khung nhin cudi, ham theo thoi diém

'Khung nhin thye nhu 1a mot dang cache déac biét trong CSDL quan h¢. Khung nhin thyc luu trir két qua thyc thi
truy van vao cac BTKNC va BTHTTD nhu céc bang théng thuong. Khi can truy cép khung nhin hoac ham, néu két
qua da dugc luu trong khung nhin thyc thi két ‘qua d6 s€ duoc dung dé tra 1oi truy van cua ngudi dung thay vi thyc hién
truy van trén co s& tao khung nhin va ham. Tat nhién, tc do s& rat cao va yéu cau tai nguyén h¢ thong rat thip, ngugc
lai véi thyc thi truy van tir ddu. Bao gio ciing phai tra gia cho nhiing lgi ich mang lai. Mot khi di liéu trong cac bang
lién quan thay doi thi ciing cén cap nhat cic BTKNC va BTHTTD dé két qua thyc thi truy van duoc chira trong né né
tro nén la ding dan. Mot sd cong trinh [9-11] nghién ctru cac phuong phéap phéan tich hé théng thong tin, _phan tich
CSDL dé lra chon cac truy van dé xay dung khung nhin thyc théng qua cac tinh toan phire tap. Trén thuc té, viéc lua
chon truy van dé thuc hoa khung nhin c6 thé duya trén kinh nghiém ctia quén tri vién h¢ thong thong tin.

Nghién ciru dé xuat hru két qua thuc thi ciia khung nhin cudi va ham theo thoi diém vao trong cac bang khung nhin
thuc cho cac truong hop lugng dir liéu 16n, tan suat truy cap cao hodc yéu cau két qua thyc thi trong thoi gian thyc; nghia
la khi lgi ich mang lai 16n hon nhiéu so v6i chi phi phai tra vé mat hiéu nang hodc khi yéu cau vé téc do truy cap dit li¢u
khung nhin cudi hodc ham theo thoi diém 1a cip thiét, theo thoi gian thuc. Trong pham vi nghién ctru ndy, ngudi dung s&
quyét dinh lya chon khung nhin cudi va ham theo thoi diém dé xay dung khung nhin thuc thong qua lwa chon ciu hinh
trong thoi gian thiét ké mo hinh CSDL bang AM. Viéc cap nhat cac BTKNC va BTHTTD dugc thyc hién thong qua cac
trigger duoc sinh ty dong cho mdi su kién thém mdi, cap nhat ban ghi trong cac bang lién quan.

B. Sinh trigger thuc hién cdp nhdt

Véi AM trong SQL Server, chi can tao va cip nhat bang khung nhin thyc ciia khung nhin cudi va ham theo thoi
diém khi c6 cac sy kién trén cac bang dugc sinh ra tir thudc tinh bién thién, thudc tinh bién thién gidi han, quan hé bién
thién va quan hé bién thién gidi han. Mot khi da c6 cac bang khung nhin thuc 13 két qua thuc thi truy van bao gom phép
nbi ngoai va ham gop MAX, c6 thé ding cong cu c6 san ciia SQL Server dé tao cac khung nhin chi myc hoa khéc.

Cho mdi bd gia tri cua khod, trong trudng hop thar nghiém trén Hinh 1 va Hinh 2 Ia
([AC_PR_RAT].AC_ID_part, [AC_PR_RAT].PR_ID_in) va ([AC].AC_ID), truy van long s€ tim dugc mot giad tri
MAX(ValidFrom) va tir d6 xac dinh dugc gia tri cudi cung cua thue tinh cho dén thoi diém ValidFrom.

Theo quan diém cua AM, thuc té trong CSDL (truyén théng) chi c6 thé hai thao tac dit liéu thém moi (insert) va
cap nhat (update). Dé thém mé&i mot ban ghi, twong Gmg 13 mot gia tri cho mot thude tinh cua thuc thé, trong bang
CSDL AM s€ dugc thém méi mdt ban ghi. Véi cac thudc tinh va quan hé bién thién c6 thé ton tai thao tac cap nhat. pé
cap nhat mdt ban ghi, twong ing cho mot thudc tinh cua thyc thé tir gia tri cli vé gia tri mdi, mot ban ghi méi s€ duoc
thém vao bang CSDL AM va ban ghi véi gia tri cii van duoc gitta nguyén.

Co6 thé thuc hién cap nhat bang khung nhin thyc cho khung nhin cudi nhu sau. Cho mdi ban ghi tur tap ban duogc
thém moéi vao bang gbc (bang tham gia vao truy van tao khung nhin cudi): i) xac dinh kho4; ii) xac dinh b gié tri khoa
va gid tri thudc tinh; iii) cap nhét gia tri thudc tinh trong bang khung nhin thyc véi diéu kién bd gia tri khoa trung vai
bd gia tri khoa trong ban ghi moi.

Véi cac BTHTTD, can bd sung kiém tra va thuc hién qua trinh cdp nhat turong ty nhu cho BKNC néu tham sd
thoi diém dau vao ctia ham 16n hon hoidc bang gia tri ValidFrom.

Thuat toan cap nhat khung nhin thyc don gian nén thuét toan sinh ma ngudn cac trigger trién khai cac thuat toan
do cung don gian. Cho moi bang dugc sinh ra tir thugc tinh bién thién, thudc tinh bién thién gi6i han, quan hé bién
thién va quan hé bién thién gi6i han c6 tham gia vao truy vén tao khung nhin thyc: i) x4c dinh cac truong, kiéu dir lidu;
ii) sinh phin dau (header) cua trigger; iii) sinh cac bién trung gian; iv) sinh m thyc hién cap nhat khung nhin thyc; v)
sinh ma két thic trigger. Trén Hinh 3 13 thuat toan sinh trigger cap nhat BTHTTD. Cho trudong hop BTKNC sé& khong
bao gdom sinh ma kiém tra & dong 10 Hinh 3. Pau vao cua thuat toan 14 mo hinh CSDL AM. Pau ra 1a céc trigger thyc
hién cap nhat BTHTTD va BTKNC trén mdi su kién thém méi trong cac bang duoc sinh ra tir cac thudc tinh trong mo
hinh AM (dong 3).

1  foreach thyc thé trong danh sach do 14 if ton tai ban ghi trong BTHTTD cho thudc
2 if thyc thé khac rdng then tinh cta thuc thé twong g then
3 foreach thugc tinh trong danh sach thudc 15 Sinh 1énh cip nhat BTHTTD
tinh cua thuc thé do 16 else
4 if thuoc tinh khac rdng then 17 Sinh 1énh thém mdoi ban ghi vao BTHTTD
5 Sinh md SQL x6a trigger néu da ton tai 18 end if
6 Sinh mé phén déu trigger su kién thém méi 19 end if
7 Sinh ma khai béo bién 20 end foreach
8 Sinh ma cursor cho bang inserted 21 Sinh 1énh déng cursor
9 foreach ban ghi tir cursor do 22 Sinh phan két thuc trigger
10 if ValidFrom <= TimePoint then 23 end if
11 if thudc tinh 1a loai knot then 24 end foreach
12 Sinh ma SELECT léy gié trj knot 25  endif
13 end if 26 end foreach

Hinh 3. Sinh trigger cap nhat BTHTTD



Nguyén Trdn Quéc Vinh, Huynh Xuan Hiép, Trin Diang Hung, Hoang Ngoc Hién, Nguyén Vin Vuong 649

) Trong SQL Server, mSj 1énh SQL thyc hién thém mdi, cp nhat mot tdp cac ban ghi trong cac bang lién quan.
Vi thé, thuat toan sinh ma nguon vong ldp duyét qua tirng ban ghi trong tdp nay (dong 8, 9).

Mi ngudn thyc hién sinh bang khung nhin thyc dugc b6 sung vao tép ma nguﬁ)n cia AM
CreateAnchorPerspectlveLatest js. Ma ngu0n thuc hién sinh cac triggers thuc hién cap nhat g1a tang ddng bo céc khung
nhin thuc duoc bd sung vao tép ma ngudn CreateAttributeTrigger.js. Téc gia da st dung cac dbi twong cua cac 16p tur
thu vién AM phuc vu cho viéc sinh ma bao gém schema, anchor, attribute. Cac bién duoc s dung bao gom
$anchor.capsule, $anchor.name, $anchor.mnemonic, $anchor.identityColumnName, $attribute.anchorReferenceName,
$anchor.identity, $attribute.dataRange, $attribute.changingColumnName, $attribute.timeRange,
Sattribute.knotValueColumnName, $knot.dataRange, $attribute.knot.identity, $attribute.valueColumnName.

IV. THU NGHIEM VA PANH GIA

Qua trinh thyc nghiém dugc tién hanh theo cac budc nhu sau: i) Cai dat hé théng thuc nghiém; 2) x8y dung xay
duyng CSDL theo phuong phap AM; iii) sinh dit liéu va cho vao cac CSDL thuc nghiém; iv) sinh khung nhin cudi, ham
theo thoi diém va do dat; v) sinh cac BTKNC, BTHTTD, sinh céc trigger va tién hanh do dat; vii) tién hanh so sanh va
dénh gia két qua thu duoc & budc iv) va bude v).

A. H¢ thong thir nghiém

H¢ thong thir nghiém 1a may tinh xach tay trén nén Windows 10, HQT CSDL SQL Server 2014; phin ciing bao
gdbm CPU Intel Core i5 4 16i 1.7GHz, RAM 4 GB DDR3 va SSD Intel 240 GB. Hé théng dugc cai dat trong ché do
may chi CSDL chuyén biét. Diém han ché cta hé théng 1a chi ding mét 6 ctng cho ca phan dit liéu chinh thirc va bo
nh¢ tam cia HQT CSDL. Microsoft yéu cau cu hinh thir nghiém d6i voi HQT CSDL phai bao gdm it nhat 2 6 cing,
dir lidu chinh thirc va bd nhd tam phai dugc cau hinh trén hai 6 cimg khac nhau dé dam bao tdc do thyc thi truy vén.

B. Dit ligu thir nghi¢m

Cong trinh [1] da xay dung dugc bo dir lidu, kich ban khoa hoc, phong phii voi 288 t6 hop dua trén 4 kich ban
khac nhau va di tién hanh thir nghiém so sanh hiéu ning giita CSDL quan hé thong thuong va CSDL Anchor trong
SQL Server. Nghién ctru nay ké thira kich ban s 4 tir nghién ciru d6, sinh CSDL xay dung céc bang thuc va trigger dé
tién hanh thyc nghiém va so sanh thoi gian thyc thi truy van trén khung nhin cudi va ham theo thoi diém déi v6i truong
hop sb phién ban t6i da ciia mdi thé hién 1a 2. Khung nhin cudi va ham theo thoi diém dua trén truy van khong bao
gém diéu kién chon lya trong ménh dé WHERE.

Bang 1. Cdu hinh sinh dit liéu va thir nghiém

Tham s

(@) [So6 phién ban ctia moi thé hién (ban ghi) 2

(b) [Mtrc d6 thua thét cia dir liu 50%

(c) |Tilé gidi han so véi thudc tinh 1/3

(d) [S6 luong thudc tinh cia mé hinh 12

Cic t6 hop thir nghiém

(e) [SO lugng ban ghi 100 ngan 1 triéu 10 triéu
(f) [SO lugng thudc tinh dugc truy van 1 Mot nira Tat ca

C. Két qud va dinh gia

T6 hop céc cu hinh tir (e) va (f) cho ra 9 trudng hop thir nghiém c6 két qua nhu trén Bang 2. Cac CSDL c6
kich thudc tir 25MB dén 11.6GB. Doi so cho cac ham theo thoi diém dugc chon 1am sao d€ c6 thé lya chon khoang
85% s0 lugng ban ghi so v4i khung nhin cuodi.

Bing 2. Thoi gian thyc thi truy van
Truy vén (s)

Khung nhin cudi Ham theo thoi diém
112|134 |5 |67 8 9 112 ]3|4]|5]|]6]|7 8 9
AM 10,2/06/09]19|54|88|14,1]| 552 |114,2|0,19]10,7(1,1]19]5,7[9,1[14,3] 59,2 |146,1
KNT (01(0,2]02|36|38|41|65|68 |69 (01|01]02[31]39|40/61| 62| 64

Thoi gian can thiét dé thyc thi truy van truy cap dén khung nhin cubi va ham theo thoi diém cao gp hang chuc
1an so v&i thoi gian can thiét dé truy cap dén cac bang khung nhin thyc. V&i mé hinh gdm 12 thude tinh trong cau hinh
thir nghiém, AM cho CSDL bao gém 13 bang. Khi truy van tit ca cac thudc tinh, 13 bang nay phai dwugc ndi véi nhau
bang phép ndi ngoai. Néu ding KNT, chi can truy cap dén mot bang duy nhat.

C6 thé thay ring, véi sb lugng ban ghi 16n dén 10 triéu, sb lugng thude tinh 12 ¢6 thé tao nén CSDL AM c6
kich thudc 16n dén 11,6GB nhung thoi gian can thiét dé truy cap dén khung nhin cudi va ham theo thoi diém déu rat
thép Téc d6 cao nay co thé dat duoc nho CSDL dat dang chuin 6 va dic biét 1a ciu hinh hé théng thir nghiém dya trén
6 cing SSD cho téc d6 rat cao. Thoi gian can thiét de thém méi mot ban ghi vao cac bang AM trong truong hop c6 mat
cac trigger cdp nhat KNT va khong cd trigger déu rat thap, xap xi Oms. Day cling la diém han ché cua nghién ctru nay.
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Thong thudong Vcéc HQT CSDL hoat dong trén cac hé t}léng bao ‘gcA)m HDD co técﬂd(f) truy cap thf'lp hon hang chuc lan
so voi SSD. Neu thir nghiém dugc thyc hién trén hé thong bao gom HDD thi cé thé cac so li¢u thu dugc phan anh thyc
té tot hon.

V.KET LUAN

Anchor Modeler 12 mét cong cu md hinh hoa CSDL cho phép tao cac mo hinh dir li¢u thoi gian st dung 6NF.
CSDL AM Iuu lai tét ca cac phién ban dit lidu, cho phép truy cap dén dir liéu & bat ky thoi diém nao trong quéa khir voi
tbc do truy cap rat cao. Cac thuc nghiém vaéi gan 300 kich ban khac nhau trén SQL Server cho thdy téc d6 cao hon so
v6i CSDL dat 3NF duoc thiét ké thong qua md hinh thyc thé - mbi quan hé duoc sir dung rong rai.

Nghién ctru nay thyc hién sinh cac BTKNC va BTHTTD luu két qua thuc thi cac khung nhin cudi va cac ham
thue thg:o thoi diém khi nguoi dl‘}ng }ua chon. Cac thuc nghiém V(’?i 9 lgich ban khac nhau trép luong dir liéu 16n tu 100
ngan den 10 triéu ban ghi cho thay toc d truy cép cua giai phap dé xuat cao hon hang chuc 1an so v6i gidi phap nguyén
ban cia AM.

V& ¥ tudng, c6 thé sir dung khung nhin chi muc hoa ciia SQL Server dé dam bao dir liéu dugc chira trong cac
BTKNC va BTHTTD luén dwoc dung din dap Gmg bét ky thay ddi dit lidu nao trong cac bang AM. Tuy nhién, SQL
Server khong hd trg khung nhin chi muyc hoa trén co sé cac truy van bao gdm phép ndi ngoai va ham MAX. Hé thong
cac trigger dugc sinh ty dong trén tht ca cac su kién thay ddi dit liéu. Cac trigger thyc hién cdp nhat gia tang déng bo
cac BTKNC va BTHTTD. Chénh 1éch thoi gian thuc hién thém ban ghi giita truong hop cd trigger va khong co6 trigger
1a khong dang ké.
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AUTOMATIC TRIGGER GENERATING IN T-SQL FOR SUPPORTING OF
ANCHOR MODELING IN SQL SERVER

Nguyen Tran Quoc Vinh, Huynh Xuan Hiep, Tran Dang Hung, Hoang Ngoc Hien, Nguyen Van Vuong

ABSTRACT— Relational database created using entity-relationship model with traditional methods of data manipulation allows to
access only to the last instances of data. Anchor Modeling database allows to access to data in any points of times through views
and used defined functions, including latest data. Those views and functions are created based on the select queries with outer joins
and aggregate function MAX. Ideally, materialized views can be used to support and improve the performance. SQL Server does not
allow to create indexed views with outer joins and MAX function. This research suggests to intervene the source codes of Anchor
Modeler for (1) automatic generating the materialized view tables that contain query result of latest views and point-in-time
functions; (2) automatic generating the triggers on all data manipulating events for all under-lying tables for synchronized
incremental updating of materialized views. Therefor, users can access to latest data or data at any past time point through those
tables instead of executing the views and functions. The experiments show the positive effect of the suggested approach.

Keywords— Anchor modeling; source code intervention; historized data; automatic trigger generating; T-SQL.



