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KIEM TRA RANG BUQC TOAN VEN THOI GIAN
TRONG CO SO DU LIEU THOI GIAN
CHECKING TEMPORAL INTEGRITY CONSTRAINTS IN TEMPORAL DATABASES

Pham Vin Chung, Nguvén Thanh Son Duong Tuéin Anh
Truong DH.Céng nghiép, PHSPKT Tp HCM Truong Dai hoc Bdch khoa - BHOG T, v HCM

TOM TAT

Bai bao trinh bay mot phurong phép kiém tra rang budc toan ven thoi gian trong co s& di liéu
thoi gian bang céch dung dé thi chuyén trang théi. The nhét, bai bdo dua ra céch ding nhirng cau c6-
khubn-méu dé ddc ta rang budc toan ven thoi gian va néu cach chuyén ching thanh nhiing dé thi
chuyén trang théi. Thir hai, dé xuét mot gidi thudt dé kiém tra rang budc toan ven they gian bdng céch
dung dé thj chuyén trang thdi mé nhing 16i &i trén do cho phép co dinh Idp lai. Cudi cang, bai bao
trinh bay mot thi du kiém tra rang budc toan ven thei gian trong mét co s& di liéu bénh vién

ABSTRACT

This paper presents a method for checking temporary integrity constraints in real world femporal
databases by using transition graphs. First, it advocates the usage of patterned-sentences to express
temporal integrity constraints and gives a method to transform patterned-sentences to transition
graphs. Second, this work puts forward an algorithm for checking temporary integrity constraints by
utilizing the transition graphs in which the paths are alfowed to include repeated vertices. Finally, the
paper illustrate a case study that performs checking temporary integrity constraints in a temporal
clinical database.

thdi. D6 thj chuyén trang thai 1a db thi co

1. DAN NHAP huéng, biéu thi che ki séng céa nhing déi
Trong bat bao nay, chung t4i nghién ciru tugng trong co s¢ dir [igu (Life cycles of
lam thé ndo @é kiém tra rang bude toan ven ciia database objects). Dinh clia db th biéu thi trang
dir ligu theo thoi gian (RBTVTG). Duya trén thdi ma nhiing dbi tugng 6 thé di dén, canh
hudng tiép cdn cba Gertz va Lipeck [4], ching biéu thi diéu kién ma nhitng déi twong phai thoa
t6i m& rong khung thirc cia ho di dé xudt dé khi chuyén dén dinh khac theo hudng cia canh.
kiém tra RBTVTG trong trudng hop doi tugng Kiém tra RBTVTG cén thyc hién hai phin:
trong co s& dir ligu chuyén trang thai trd lai kiém tra tinh toan ven coa dit liéu theo thdi
nhiing trang théi ci. gian, va kiém tra rang budc vé su thay ddi
Kiém tra rang buéc toan ven nhim duy traflg thai clia déi tuong theo mét qui luét cia tb
tri ngl nghia va tinh ding dén cda dit lidu theo  SPUC:
thdi gian bét cir khi nio cé cip nhat dit liéu Phin con lai cda bai béo duge t chirc
trong co s¢ dir liéu thoi gian (CSDLTG). Do nhu saw: Phan 2, luoe yéu mét sé huéng tidp
vy, cdn tim mét md hinh toan hoc dé thye hién cén kiém tra RBTVTG. Phén 3, trinh bay tom
cbng viéc ndy véi chi phi thip va dé darig cai tat: lam thé nao dé dic ta mdt RBTVTG bing
dat. Co mft sé huong tiép cin kiém tra nhing céu co-khudn-mdu va chuyén né thanh
RBTVTG ndi bt nhu ia: pheong phap History- d6 thj chuyén trang thai tuong ¢ng. Phén 4,
less checking clia Chon}icki (1], [2], va phuong trinh bay mot sb nhiing khai niém quan trong va
phap dimg do thi chuyén trang thai (rransition nhimng yéu cdu lién quan dén dd thi chuyén
graph) ciia Gertz va Lipeck [4]. trang thai. Phan 5, md ta nhiing phuong phap

kiém tra RBTVTG. Phan 6, hi¢n thuc vigc kiém
tra RBTVTG trong phan 5. Cubi ciing 13 ket
ludn va huéng nghién ciu tiép tuc.

Bing cich ding nhiimg céu cé-khuén-
mau (patterned:sentence) dé‘dz_"lc ta RBTVTG
va sau do chuyén no thanh d6 thi chuyén trang
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II. MOT SO HUONG TIEP CAN BI
TRUGC

Huéng tiép cén ciia Chomicki. Chomicki {1],
[2] dua ra phuong phap goi 1& history-less
checking dé kiém tra RBTVTG. Phuong phap
nay khi kiém tra RBTVTG, khéng cén kiém tra
trén toan bg dir liéu, ma chi can kiém tra trén
mét sé dir lidu can thiét duogc dat trong nhiing
quan hé bd trg (awxiliary relation). Nhirng quan
hé bd trg duoc sinh ra mot cach tr dong khi
RBTVTG duoc dinh nghia, diéu nay giam duoc
chi phi trong kiém tra RBTVTG va déy 14 diém
ndi bat vé cach tiép cdn RBTVTG cia
Chomicky.

Hiréng tiép ciin ciia Gertz va Lipeck. Nhimg
tac gia nay [4],[5[.[6],[7] dung 16-gic thoi gian
(temporal logic) nhu ngdn ngit dac td RBTVTG
va tir nhirng cOng thire 16-gic thoi gian, no duoc
chuyén thanh dé thj chuyén trang thai. Méi do
thi chuyén trang thai co thé md ta chu trinh
séng cia nhitng déi tugng trong co so dr liéu.
Nhitng dmh ctia dd thi bleu thi nhitng thong tin
téi thiéu cin cho viéc kiém tra RBTVTG cua
déi twrong trong co s& dit liéu.

Huéng tiép cén nay dua ra mot khung thirc
tong quat [4], dung db thi chuyén trang thai dé
kiém tra RBTVTG. Tuy nhién, nhimg ang dung
trong thuc té, dbi tuong chuyén trang thdi phirc
tap hon, vi du nhu nhiing {mg dung trong theo
doi, diéu tri bénh trong co so dit liéu bénh vién.
Do vay, cén ¢6 sy m& rong thém hudng tiép cdn
nay, dé giai quyét nhitng truéng hop phic tap
dé.

III. CAU CO-KHUON-MAU VA PO THI
CHUYEN TRANG THAL

RBTVTG c¢o thé dugc dic ta bang cong
thirc 16-gic thoi gian {3]. Bai bao nay dé xudt
cau cé-khudn-mau dé co thé dé dang dac ta
RBTVTG hon la ding 16-gic. Chi tiét hon vé
cach dic ta nay cé thé xem trong [7]. Vi du: xét
mdt RBTVTG (phong theo vi du trong 14])
duoc phat biéu nhu:

“ Truée khi mgt nhdn vién (Employee) tra
thanh thanh vién cua phong Headgquaters, anh
ta phdi lam viéc tai phong Administrative, va
mét khi dd lam viéc tai ddy thi anh ta luén o vi
tri nay cho dén khi anh ta nghi viéc”
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RBTVTG nay c6 thé trinh bay béng cau co-
khuén-mau [7] nhu trong hinh 1. Pdi tugng e
trong hinh 1, tham khao dén déi tuong cé kiéu
Employee, va c6 thé chuyén dac ta nay thanh db
thi nhu & hinh 2, D& thi ndy mé ta nhiing trang
thai ma trong chu ky séng cua déi tugng, no co
thé chuyén dén. Tép dinh cua dd thi duoc danh

nhadn la 0, 1 va 2 rng voi nhilng trang thai sg.

5| va s va nhilng nhan trén canh ng véi

nhirng phat biéucta Iy, 1, 15, va L trong hinh 1

Object is in first state s, with I; moves to s,
when it is in s, with I, moves to sy,
when it is in s; with |3 moves to s,
when it is in s; with I, moves fo s,,
when it is in s; with |; moves to s,,

where 1, =e ¢ {“administration”,

“headquarters”},
I, = e = “administration”,

I; = e < *headquarters”,

I, = e ="headquarters”;
Hinh 1. Diic ta RBIVIG béng céu co-kncn-ma
[-——'—k_\cdnamc ¢ [“administration” “headquarters™)
n
- 1 -

e.dname = “admintstration”
L 4

: b.dname <> “headguarters”

e.dname = “headquarters”™
¥

Eb,dname = “headquarters”

Hinh 2. P6 ~Ih_i chzzyén trang thai sinh ra tw cdu
co-khuon-mdu

IV. MOT SO PINH NGHIA TREN PO THI
CHUYEN TRANG THAI

Dé kiém tra RBTVTG trén nhiing trang thai
mé d6i tuong ¢6 thé di qua trén db thi chuyén
trang thai. Trong phan nay, can dinh nghia méot
50 khai niém quan trong.

4.1'Nhirng trang thai dwoc ldp lai trong diy
chuyén trang thai

Xem dé thi hinh 3, né c6 nhiéu chu trinh
gitta mot sé dinh. Kiém tra RBTVTG trong
trudng hop ndy, bai bao dé xuit mét phuong
phép 1a ding mét s6 nguyén duong ¢, goi la gid
trivtan sudt. Phuong phap duge thé hién nhu:
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lin dau tién, dbi tuong & trang thai khoi diu,
gia tri tan suft ¢ duoc gan gia tri 1a 0. Pbi tuong
dén mét trang thai mai si, nhung si 1a trang thai

ma dbi tuong da di dén trong mét 1an trude day,
thi gia tri ¢ ting thém | Moi truomg hop khac
thi gia tri £ khong dbi.

4.2 Dinh nghia 4.1 (D4 thj chuyén trang thai)

Mot do thi chuyén frang thdi 13 dd thij cé hudng
gom nhitng thanh phdn: ¥ 1a mét tap hiru han
nhiing dinh (trang thai), L 1a tip gom nhiing
nhin hay nhiing ménh d& didu kién,
8: ¥ x L 2 ¥ la ham chuyén trang thai,
vg € V la dinh khéi déu, va Ve =¥ la tip dinh
két thiic, trong Ve cé thé c6 mét sé dinh ma tai
do khéng c6 canh di ra, goi ching 1a dinh vy
Trén mbi canlJ dugc gan mot nhﬁp l4 mot phin
tr trong L. Mai dinh phdi c6 it nhét mot canh d
vao, va néu nd ¢ canh di ra thi nhitng canh nay
phai duoe gan nhitng nhan khic nhau. T mét
dinh bat ky (trir nhiimg dinh v¢) phai c6 dudng
di dén nhing dinh vy,

Vi du: @b thi chuyén trang thait T nhu trong
hinh 3 ¢6 nhitng thanh phén:

V=1{51,52,53, 54,55}, L={l1, I, 13, la, I5,

6 }.
vg=s1, Ve=V,vf =ss.

va ham chuyén dich &:
O(s1, /1) =52, 3(s1, 12) = 53, 8(s2, I3) =],
8(s2, I4) = 54, 8(s3, I4) = 34, 8(54, I5) = 51,

5(s4, I6) = 55, ..

s1 1a trang thai ban dau va s5 [a trang thai két
thite,

4.3 Dinh nghia 4.2 (Day chuyen trang thai)
Mot day c6 thtr tu gdm mét sé trang thai trong
dd thi chuyen trang thai, diu day la trang thai
khoi déu (dbi twong 6 thé chuyén tir trang thai
khéi dau), thod nhitng nhan trén canh dé dén
nhiing trang thai khéc theo thir tu trong diy goi
la ddy chuyén trang thdi.

Vidu: o= (s], 52, s1, 53, 54) la diy chuyén
trang thai trén hinh 3.

Hinh 3: Dé thi T, s la trang thdi ban ddu

4.4 Dinh nghia 4.3 (Diéu kién vé thoi gian)
Coi hai trang thi lidn nhau ; va f trong do thi
chuyen trang thai (cé canh di ra tir i dén ). Gia
sir rang thoi gian hop 1¢ cla hai trang thai lién
nhau ciia mot déi tuong tai i va J» hay cling tai
mét trang thai 7/ [a [r1, 2] va [13, 14]. Néu 13>
12, thi [t1, 2] va [£3, t4] thod man rang bude
theo thir tyr thoi gian, xem hinh 4,
! | I | >

t -
f f 4 4 Thoi gian

Hinh 4: Rang budc theo thir ty thoi gian

4.5 DPinh nghia 4.4 (Ring budc qui ludt chuyén
trang thai)

Thém dir liéu cho d01 trgng O tai trang thai j
dugc chip nhén, neu thod mét trong nhung
didu: (1) O dang ton tai & trang thai i, ¢cd canh
di ra tir / dén j, va thod mén nhan trén canh nay.
(2) la trang thai khéi ddu cua d& thi va dbi
twong chua ton tai & bt ky trang thai nao. 3o
dang tdn tai trong trang théi j va j c6 it nhat mot
dudmg di ra.

Vi du: Xxem d6 thj chuyén trang thai trong hinh

=<,
P €D

Hinh 5: B6 thi chtryén trang thai, s7 la trang
thei déu
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o Néu déi tuong dang & 51, thém dit liéu tai 54,
b tir chdi vi khong thoa (1), (2) va (3) nhung
thém & s1, duwoc chip nhan vi thoa (3).

eNéu dbi tugng chira ton tai trong bat ky trang
thai nao, yéu ciu thém né vao si, thi dugc chap
nhén, vi thoa (2).

oNéu ddi tuong da tdn tai trong 55, thém vao no
vao 55 thi tir chdi vi khéng thoa (1), (2) va (3)

4.6 Dinh nghia 4.5 (Rang budc trén day chuyén
trang thai)

Coi ¢ = (51,52, . sn) la mot ddy chuyén
trang thai ctia ddi tuong O. Néu mot cip nhét
lam mét di mdt trang thai bét ky trong g, cho di
trang thai d6 dugc 1ap lai trong o, ngoai trr s,
thi vi pham rang budc trén day chuyén trang
thai.

Vi du Coi dd thi trong hinh 3, gié sir doi
tuong ¢6 ¢ = (5], 52, 51, 53, 54). Cép nhat 1am
mit déi tong & bét ky trang thai nao trong o,
trir 54 14 vi pham rang budc trén diy chuyén
trang thai. Dic biét trong trudng hop nay, o chd
chu trinh nhu d3 néi trong phfm 4.1, nén <¢ip
nhat khéng cho phép mét O & s1, trong c 2 lan
5] xuat hién trong a.

V. KIEM TRA RBTVIG TREN DO TH]
CHUYEN TRANG THAI

Phan nay, trinh bay kiém tra RBTVTG
khi c6 thao tac: thém, xo4, sira dir ligu trén do
thi chuyén trang thai co chu trinh. Gia st ring
médi dinh ctia dd thi thi trong tng v&i mdt bang
trong CSDLTG. Cac thao tac thém, xoa, sua
sau duoce hiéu la thao tac trong cing mét tan
suat £.

5.1 Thae tac thém

Thém dbi tugng vao dinh j cia db thi
chuyén trang thai, can kiém tra thoa méan dinh
nghia 4.3 va 4.4,

5.2 Thao tac xoa

Dir liéu cua dbi tuong co the duge xoa tai
mot dinh cuia dd thi. Khi xo04 cin kiém tra thoa
dinh nghia 4.5.
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5.3 Thao tac sira

Dbi tueng O dang cé gia tri x tng vdi khoang
thoi gian [Og, O] tai dinh i, yéu cau sia lai gia
tri x thanh l& y Ung v&i khoang thoi gian cho
trude {11, 2], Tuy theo gia tri cta {71, 2] ma co
thao tac sira tuong ung nhu trong bang 5.3.

#én triréng hop Truwdc Khi sira R Saw khisim R
(2 O N
e — Als JE A ]S E
0 " x | Os | Ge « | s | 0t
_— s o | e
¥ n iz
(:‘ p e AlS E AlsS E
f———f « | 0; | 0% « [ | O
¥ (¢ Is)
0,
s , (,)’ AlS JE Als |E
_" < | O | O x | &5 | n-
¥ i 2
Gy
' ; [A s [E (A s TE ]
" | Lo v o[ o]

Bdng 5.3: Bon truong hop cho sira dit liéu vao
bang R, A la thudc tinh cdn siea dir liéu x thanh
¥, S va E la thudc tinh thoi gian.

Ghi chi: trong bang 5.3, gia swr &i la ngay
1071172004, thi ti- la ngay 9/11/2004 va ti+ la
ngay 11/11/2004.

Chiing t6i dd xév dung nhitng thu tuc
kiém tra theo cac thao tac thém, xoé va sua nhu
trong cac muc 5.2, 5.2 va 5.3, va Gng dung nd
trong phén 6. (c6 thé xem thém chi tiét trong
[7D).

V1. HIEN THU'C KIEM TRA RBTV

Xét mdt co so dit lidu theo ddi diéu tri
bénh nhan ung thu, gdbm cé mot s6 bang. Bang
PATIENT chia nhimg dir liéu cua bénh nhéan
gdm nhitng thudc tinh P-ID, Gender, DOB va
Address, trong do P-ID la ma sé cia bénh nhan.

Bang nay co mdi quan hé voi nhing
bang khac (xem hinh 6). Trong mbi bang & hinh
6, ngoai trir bang PATIENT déu c6 chira thude
tinh thdi gian (V_Begin, V_End), va thude tinh
TIME dé ghi tAn sult ¢ (¢ da dé cap dén trong
mue 5.2). Nhiing thudc tinh duge gach duoi la
khoa chinh cua bang).
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1) PATIENT (P-ID, Gender, DOB, Address)

2) UNTREATED ( Prob. V_ Begin. P-ID.
Times, V_End, Vertex_From, Vertex_To)

3) SURGERY( Prob, V_Begin, P-ID, Times ,
V_End, Vertex_From, Vertex To)

4) RADIATION (Prob, V_Begin, P_ID.
Times, V_End, Vertex From, Vertex To)

5) CHEMOTHERAPY (Prob, V Begin. P 1D,
Times, V_End, Vertex_From, Vertex To)

6) WATCHING (P_ID, Prob, V_Begin, Times
, V_End, Vertex_From, Vertex_To)

7YRECOVER( P_ID, V_Begin, V-End,
Times)

Hinh 6 Cu triic cdc luge db trong co s dit liéu

Nhing bang trong hinh 6, duoc xdy dung
tir dé thi chuyén trang thai trong hinh 7, mé ta
RBTVTG trong co s& dir liéu bénh vién, trong
dé dinh 0, 1, 2, 3, 4, 5 (ng vdi cac bang
UNTREATED, SURGERY, RADIATION,
CHEMOTHERAPY, WATCHING,
RECOVER theo d6i bénh ung thur.

N6t dung cua nhén la:

L= ‘untreated’, L,= ‘surgery’, L= ‘radiarion
l;="chemotherapy’ I|; = ‘watching’ , 1, =
‘recover

béi trong dugc noi dén trong co sd dir
liéu nay c6 kiéu PATIENT

Hinh 7. B6 thi chuyén trang thdi cho co so dir
li¢u bénh vién

® RBTVTG dugc dic ta bf"mg d6 thi chuyén
trang thai

D6 thi chuyén trang thai trong hinh 7 dac
ta RBTVTG duoc phét biéu nhu sau:
“Liic ddu, bénh nhdn nhdp vién, dugc dét trong
trang thadi chdn docn (unireated), sau do anh ta
cé thé dwge didu tri bing phuong phdp phau
thudt (surgery) hay xa tri (radiation) hay hod
tri {chemotherapy). Néu anh ta duoc diéu ri
bang mét trong ba phuong phdp trén, anh ta cé
thé tré lai trang thai chan dodn hay anh ta co
thé duoc theo doi (waiching) trong mét khodng
thoi gian. Ddc biél, néu anh ta dang & giai
doan theo doi, anh ta ciing cé thé é lai trang
thai chdn docn hay dwge két ludn binh phuc
frecover)”

RBTVTG trong phat bidu nay, duoc dic
td bang cdu cé-khudn-mau (dd néi dén trong
muc 3) va no duogc chuyén d4i thanh dé thi
chuyén trang thai (hinh 7).

® Tao 1dp nhirng bang 1én két véi dd thi

chuyén trang thai

Ngoai nhling bang nhu trong hinh 6,
nhitng bang sau diy duoc tao lap mét cach tu
dong khi co dé thj chuyén trang thdi dé lién két
dd thi chuyén trang thai véi co s& dir liéu, do 14
hai bang: VERTEX va TRANSITION STATE,
c6 ndi dung nhu trong hinh 8, va bang
OBJECT _POS (P_ID, Vertex_From,

Vertex_To, Times) dé theo dbi tAn suit . trong

thude tinh Times.
e Kiém tra RBTVTG

Khi dif liéu cua nhiing ddi twong dugc
nhdp vao cdc bang trong co s& dit liéu bénh
vién, ching dugc kiém tra RBTVTG bing
nhitng thu tuc nhu da noi trong phan 5 va di
liéu trong nhirng bang lién két véi dd thj nhu da

noi & phan doan lién trén.
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TRANSITION STATE VERTEX d6 thi ¢ chu trinh di qua nhiéu hon mot dinh,
Curr_state Label | Trans state vV _ID Vname , . B R . L )
untreated h Surgery 0 untreated két qua cho thay, phuong phap dé xuat vé ki€m
uireated I3 radiation i surgery R . o Dy e . -
untreated L chemotherapy || 2 raditation tra RBTVTG khi nhdp liéu cé hiéu qua va dé
surgery Iy untreated 3 chemotherapy .. N ., . .
surgery Is watching 4 watching cai dit, ddng thai nd trd thanh co s& cho viéc
radiation h untreated 3 recovered . , .z . .

radiation Is watching nghién ciu tiép tuc, dé gidi quyet nhiing yeu
chemotherapy | § untreated N N _ , .
chematherapy | s watching cdu vé RBTVTG trong nhirng Gmg dung thuc té,
watching Is recovered

Hinh 8. Nhing bang lién két véi dé thi chuyén
trang thdi

VII. KET LUAN VA HUONG NGHIEN

CUU TIEP THEQ

Bai bao da trinh bay mét phuong phap
kidm tra RBTVTG trén mot cdu tric toin rdi

rac 12 d& thi chuyén trang thai va giai quyét khi

do 1a: khi c6 nhiéu phién ban RBTVTG cing
tdn tai trong mét co s& dit lieu. Noi dung clia

nhitng RBTVTG nay ciing thay ddi, hay mit

hiéu luc, hay RBTVTG méi dwoc thém vao.
N6i cach khac, RBTVTG tién hoa theo thoi
gian hay RBTVTG mang tinh dfng.
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