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VE MOT UNG DUNG CUA VECTOR TIME
TRONG CAC HE CSDL PHAN TAN

NGUYEN NAM HAIY), PHf MANH LOT?)

Abstract. For the concurrence control algorithms using timestamp technique in Dis-
tributed Database Systems, the technique of generating labels for the events is very im-
portant. This paper presents the method of generating label that bases on the technique
of Vector time for concurrence control algorithms in Distributed Database Systems. An
algorithm basing on this method has been presented. The evaluation of performance of
algorithm is also examined.

I. PAT VAN BE

Trong cdc hé CSDL phén tén, kj thuit gdn th&i gian thuong dwoc st dung
" trong c4c thuit toan dieu khién truéng tranh. Muc dich cia viéc gdn nhan thoi
gian 12 d€ tao cho cic phép toan truy nhip CSDL mét th tw tong thé. Tuy nhién,
viéc tao ra mét co ché sinh nhan ly twdng 1a mét viéc hét strc khé khan. Do vay,
ngudi ta c¢d ging tao ta nhirng co ché sinh nhan cing gan véi co ché sinh nhan
Iy tudng cang t6t. Thong thuong dé tao nhan ngudi ta thudng st dung dong ho
logic hoat dong theo nguyén Iy cia Lamport dé xudt ndm 1978 [4]. Tuy nhién ky
thuit nay khéng chinh xéc, phdn 4nh khéng diy dd théng tin thoi gian cho céc
sy kién x4y ra trong hé théng. Vector time 13 kj thuit dwoc dé xuit bdi Fidge
n¥m 1991 [2] st dung kh4 t6t cho viéc x4c dinh trang thdi tong thé trong cac hé
tinh todn phén tdn truyén théng bdo. Trong bao ndy, ching t6i trinh bay mdt
co ché sinh nhan duva trén kj thuit Vector time cho-thuat toan diéu khién twong
tranh BTO trong cic hé CSDL phan tan. Két qud nhin dwgc thuit todn hoat
déng t8t hon véi viéc str dung co ché sinh nhan bing dong hd logic ciia Lamport.
Daénh gid hiéu qud cda thudt todn méi nay cling duoc chi ra.

II. MOT SO KHAI NIEM CO BAN

H¢ phén tdn 13 mot tip cic qué trinh tudn tu Py, Pa, ..., P, c6 thé lién lac véi
nhau théng qua trao d6i thong bdo. O day cdc kénh truyén théng duoc gid dinh
la hoan toan tin cdy, d6 tré truyén théng 1 hiru han nhung khéng dodn truéc
duoc.
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Tinh todn phdin tdn mé td dwgc thyc hién cia mét chuwong trinh phén tan
gdm mét tip céc qua qud trinh.

Thue hién cia mét qué trinh tudn tw dwoc bidu dién nhw mét day céc su
kién. Mot s kién c6 thé 13 néi tai trong qua trinh dé va chi thay d8i trang thai
cuc bd trong qué trinh d6. Mot s kién ciing c6 thé kéo theo nhirng qué trinh
khéc bdng viéc giri hodc nhin théng bio.

T4p céc su kién cda tinh todn phan tan dwoc sdp bdi thir tu theo qui tic sau:

o Cdc su kién zdy ra trong cung mot qud trink la dvoc sdp toan bé.
e Su kién g1 thong bdo zdy ra trude su kién nhdn théng bdo @é.

Ky hiéu tap E 1a tap cédc su kién cia mot tinh todn phan tdn va — la thir tu
xac dinh trén E.

Cho e, f € E, néu Not e — f va Not f — e khi d6 ta néi e va f xdy ra dong
thoi va ky hiéu lae//f.

Quan hé thtr tw dwoc sinh ra bdi tip E véi tht tw — duoc ki hidu 1a (E, —).

Cho e € E, khi d6 ta dinh nghia:

e Past(e) ={f € E|f — ¢}
o Future(e) = {f € E|e — f}

Khii niém hé CSDL phan tidn & day bao gom cd khéi niém CSDL phén tén
va hé qudn tri CSDL phéan tén, trong dé6: CSDL phédn tdn la mét tdp cdc CSDL
c6 quan hé vdi nhau vé mdt logic va dugc phan bé trén mét mang mdy tinh. HE
qudn tri CSDL phén tdn la hé thong phin mém cho phép qudn tri CSDL phén tdn
vd lam cho su phén tdn d6 trong sudt d6t véi nguot st dung [7)].

Giao tdc 13 khéi niém dé chi don vi tinh toan tin cdy va twong thich trong
cac hé CSDL phéan téan.

III. SINH NHAN DUA TREN NGUYEN LY CUA LAMPOT

M6t ky thuit sinh nhan truyén théng thwong hay dwoc st dung cho céc gidi
thuit diéu khién twong tranh duva trén ky thuit gin nhan thoi gian 13 ky thuét
dwoc xiy dirng trén nhirng nguyén ly cia Lamport dé xudt 1978. Truéc hét sé
trinh bay nguyén Iy 1am viéc sau dé d6 chinh x4c cda ky thuit sé dugc xem xét.

1. Nguyén ly lam viéc
Xét mét hé phan tdn gom n qué trinh Py, Ps,..., P, hoat ddng theo nguyén
Iy nhw sau:
e Céc su kién xdy ra trong cling mét qué trinh 1a dwoc sip toan bd.
e Giira cic qué tinh c6 thé trao d8i thong tin bing viéc giri thong bdo va
su kién giri théng bdo xdy ra truéc su kién nhin théng bio d6.
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M3bi qué trinh P; duoc gdn moét dong ho tuyén tinh C; 13 mét bién nguyén
nhén cédc gid tri t&ng dan. Céc C; lam viéc nhu sau:
1) Moi théng bdo cia mot qué trinh bat ky gii cho mét qua trinh khéac deu
mang theo gié tri thoi gian cida qué trinh d6 tai thoi di€m giri thong béo.
2) Truéc khi xi Iy mét sy kién noi tai xdy ra trong méi qué trinh thue hién:
C; = C; + d (d nguyén duong).
3 Khi mé6t qué trinh P; nhan duoc mét thong bédo tir qua trinh P;, C; duoc
xt 1y nhw sau:
C,’ = max(C’,-, C]'),
C,’ = C,‘ + d.
Gid tri thei gian gan cho cac sy kién xdy ra trong hé théng duwoc st dung lam
nhan thoi gian d€ xem xét quan hé giira céc su kién xdy ra trong hé théng.

2. D6 chinh xac

Bay gir ta xét d6 chinh xdc cda ky thuit nay khi phdn 4nh méi quan hé
gitra cdc su kién trong hé théng phan tdn. Su khéng chinh x4c nay tip trung vao
nhirng su kién xdy ra dong thoi. Ta sé ¢6 gdng dinh lwong xem dong ho tuyén
tinh sé phdn dnh dugc chinh xdc bao nhiéu quan hé giira cdc cdp su kién va bao
nhiéu quan hé phdn dnh khéng chinh xac. Xét E 13 tap céc su kién, va — la thw
tu xac dinh nhu trén tap céc sy kién. Dinh nghia hang cia mét su kién e la chiéu
dai lon nhdt cda cdc zich két thic tai e va ky hiéu la r(e). O day xich 13 mét tap
con cia E céc su kién tirng d6i mét so sdnh dwoc véi nhau theo thir tuw — .

n
Tap R = |J R; v6i Vi > 0, R; = {e € E|r(e) = ¢} duoc goi la phan tich hang

1=1

cia (E,—).
Ta dé dang chirng minh dwoc:
o Néuef e E var(e) =r(f) thie//f. (1)
e Néuef € E var(e) =r(f) thi C(e) = C(f). (2)

T cdc ménh dé (1) va (2) tap céc cdp cdc sy kién cda E x3dy ra dong thoi va
c6 hang bdng nhau thi cé gi4 tri dong h6 tuyén tinh bang nhau. Tuy nhién, ta c6
néu e//f thi cé thé cé nhirng sy kién g c6 quan hé nhan qud ddi véi f ma e//g
va véi nhirng truedéng hop nay ta cé r(e) # r(g) kéo theo C(e) # C(g). Tuong tu,
mét cach d6i xtrng 6 thé cé nhirng sy kién h c6 quan hé nhan qud véi f ma f//h
va véi nhirng truong hop nay ta ¢é r(f) # r(h) kéo theo C(f) # C(h). S6 nhirng
s kién nhw vay cé thé dinh lwong trong cong thic sau:

||Past(f)| — |Past(f) N Past(e)|| + ||Future(f)| — |Future(f) N Future(e)||+

||Past(e)| — |Past(e) N Past(f)|| + ||Future(e)| — [Future(e) N Future(f)]]

Nhu vay dong ho tuyén tinh chi dic trung dwgc mét phan quan hé dong thoi.
Téng s6 nhirng cip quan hé dong thoi phdn dnh dwoc béi dong ho tuyén tinh cé
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thé dinh lwong dwoc bdi cong thirc sau:
= - .
I=) Ch - (3)
1=1 )

Néu goi N la téng s6 nhirng c3p (e, f) ma e//f thi s8 nhirng cip phan anh
khong chinh x4c béi cong thirc dong hd tuyén tinh sé la: :

Neir =N =L

Nerr sé phuc thudc vio tirng trwdmg hop cu thé, né sé dat cwe dai khi gitra céc
qué trinh khong c¢6 trao ddi théng bdo v&i nhau va dat cuc tiéu khi tap cdc su
kién 13 duoc sip toadn bo.

Su phédn-4nh khéng chinh x4c cia dong ho tuyén tinh da lam gidm hiéu qud
cia nhirng gidi thuit diéu khién twong tranh dua trén kj thuit gdn nhan thoi
gian. Sy phadn 4nh khéng chinh xic niy da din t&i treong hop cé nhirng trudng
hop céc sy kién x3y ra dong thdi nhung dwa vdo cdc nhan thoi gian, gidi thuit
c6 khi lai nhim hi€u ching c6 quan hé nhin qui véi nhau din dén nhirng trudng
hop phai thuc hién lai giao tac phi lIy.

Vén dé dit ra 13 can phdi xac dinh mét co ché sinh nhaa t8t cho nhirng gidi
thuat diéu khién twong tranh dua trén k¥ thuit gn nhan thoi gian. Co ché dwoc
chon sé€ 13 Vector time da duogc trinh bay trong phén ti€p theo.

IV. SU DUNG VECTOR TIME TRONG CAC HE CSDL PHAN TAN

1. Dinh nghia Vector time

Dé thuan tién cho viéc trinh by, ching t6i sé nhic lai dinh nghia Vector time
[3]. Cho N la tip céc s6 nguyén, E la tinh todn phan tan. Dinh nghla mot anh
xa don vi E vao N".

C:E—N"

thda man hai diéu kién sau:

1) e, fEE, e— f & Cle) = C(f),

2) e, fEE, e//f & NotC(e) = C(f) va NotC(f) = C/(e).

Tht tu Rightarrow dugc xdc dinh nhu sau:

C(e) = C(f) & C(e)[i] < C(f)[i], ¢ = 1,..., n vA ton tai mot gid tri k d&
C(e) (k] < C(f)[k].

C(e)[7] 1a toa d3 thit 7 cda vector C(e) trong khong gian N™.

Trudng hop C(e) va C(f) khéng so sanh dwgc véi nhau, d€ don gidn ching
t6i cling st dung ky hiéu C(e)//C(f).
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Ta goi C(e) 13 Vector time cda sy kién e va tdp C(F) duoc goi la tap céc
Vecto time twong ing v&i cac tap su kién E.

2. I'J'ng dung
a. M6 td hé théng
CSCL phén tan gom céc item dir liéu z,, z3,..., T, durgc phin bd trén mang
mdy tinh gém cic tram cé tén idy, ¢ds,..., t1d,. Céc item dir liéu cé thé 1ip trén
mot s6 tram. Céc tén tram 13 duy nhit va dwoc 18y tir mét tap duoc sdp toan bod
ndo d6, dé€ don gidn c6 thé ldy tén tram trung véi s6 thir tu cda tram trén mang.
Tai mbi tram trén mang may tinh dugc gdn mot dong ho logic 1a mét vecto gom
hai phan:
o Mot vecto n chitu C*(Ci, Ci;..., CL) € N™,
e Tén tram twong ng.
Nhu vay dong ho logic tai mdi tram ¢ (i = 1,..., n) 1a mét cgp (C*, ¢d;).
Trén tip cic Vector time xdc dinh mot th&r tu tong thé — nhu sau. (C, id)
va (C', 1d’) 1a hai Vector time bat ky. Ta néi:
(C, id) — (C', id') © holc (C = C') hoic (C//C" va id < id').
Tap céc s kién xdc dinh trong hé thdng gébm céc loai sy kién.
e Su kién khéi tao giao téc,
e Su kién gii théng bdo,
e Su kién nhan thong bao.
Co ché 1am viéc cia dong ho dwgc xac dinh nhir sau:
e Khi c6 mét giao tdc dugc khdi tao tai mdt tram ¢ nao dé thi toa dd thi
¢ trong thanh phan th&r nhdt cda dong hd tai tram dé duoc tdng lén 1.
Nhan thoi gian dwoc gdn cho giao tac 1a gid tri cia dong ho cda tram tai
thoi di€ém dé.
e Khi mdt tram 7 giri mot théng bdo cho mdt tram nao dé (¢ # j) thi tao dé
tht 7 trong thanh phan thit nhit cda déng ho tai tram 7 ting lén 1. Gid
tri thoi gian tai thoi di€ém niy ciing dwoc giri cling thong béo téi tram 7.
e Khi mo6t tram 7 nhan dugc moét théng bio tir tram ¢ thi dong ho tai tram
7 dugce xéac dinh nhu sau:
(C;, id;) = (Sup (C?, CY), id;).
Gié tri toa d6 tht j trong thanh phan tht nhit cda dong hé tai tram j
duoc tdng lén 1.
Phép todn Sup & diy dwoc x4c dinh nhu sau: .
z, y 1a cdc vecto n chiéu, khi dé Sup (z, y) = w 1a vecto duoc xdc dinh nhw
sau: w(t] = max(z[7], y[7]), 1 = 1,..., n.
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Ta dé dang thdy dwoc véi cich xay dung déng ho nhu thé nay ddm bdo phin
anh duoc cac hién tuong:

+ Trong mot tram thi sy kién xdy ra sau cé gié tri thoi gian 16n hon.

+ St kién nhén thong bédo cb gia tri thoi gian lén hon thoi gian xdy ra sy
kién giri thong bdo twong tng.

1) (2,0,1) (321
& & &
(012 @,22)
fi 7
& +E~fi~1~&

Hinh 1. Vi du vé tht ty cic su kién hé théng

b. Gidi thuat diéu khién truy nhiap CSDL

Gidi thuidt dugc xay dung trén co s& gidi thudt BTO. Tu twédng chi dao &
day 1a ta xét gidi thuit BTO véi co ché gdn nhan thoi gian st dung Vector time
va ching toi goi 1a BVtO. Nhin thdi gian duoc gén cho mdi giao tac tai thoi di€m
khdi tao 1a gid tri Vector time tai thoi di€m dé.

Véi mbi item dir liéu z luu trir tai tram. SC sé st dung cac bién sau:

e R-Vt(z): R-Vt(z)[0] 12 tong hop toan bg tri thirc va thi gian ma SC
biét duoc vé cidc dm-read(z) di dwoc xtr ly. R-Vi(z)[1] 1a s6 hiéu cda
tram twong tng véi dm-read(z) da dwoc xtr ly gin nhit.

e W-Vt(z): Bién cé ki€u Vector time, trong d6 W-V¢(z)[0] 12 tong hop toan
b tri thirc vé th¥i gian ma SC biét dwge va cac dm-write(z) da dwge xi
ly. W-Vit(z)[1] 12 s6 hiéu cia tram twong dng véi dm-write(z) da duogc
xi¥ 1y gdn nhit.

e min-R-Vt(z): 1a Vector time nhd nhit trong s6 cic Vi(dm-write(z)) dat
trong buffer chd thyc hién.

e min-P-Vt(z): 1a Vetor time nhd nhat trong s6 cic Vit(prewrite(z)) dit
trong buffer.

Vit(z) l1a ham ldy Vector time cda bién r.
Qua trinh déng bd dwgc thuc hién theo céc luét sau:

R1. Khi cé dm-read(z) dén tram, SC x Iy nhu sau:
bit R = Vt(dm-read(z))
if (R[1] = W-V{(z)[1]) then
begin .
if (R[O][R][1] > W-Vt(z)[0]W-V¢(z)[1] then
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begin
D3t dm-read(z) vao buffer chd thyc hién
end
else begin
Loai dm-read(z), //lénh dén mudn thoi gian//
Loai giao tac twong tng.
end
else begin
if (R[0] = W-Vt(z)[0] then
begin A
Loai dm-read(z)
Hiy bd giao tic twong tng.
end
else begin
D3t dm-read(z) vao buffer chd thuc hién
end
end
end
Khi dm-read(z) dugc dit vao buffer né sé dugc sip xép vao vi tri twong tng
theo tht tu ting dan cda cic Vi(dm-read(z)) dang chd thuc hién trong buffer.
Kiém tra céc Vit(dm-read(z)) trong buffer theo gia tri ting din xem cé lénh
nao thda man diéu kién:
Vt(dm-read(z)) — min-P-Vi(z).
Néu théa man thuc hién cdc hanh déng:
+ Chuyén dm-read(z) cho DP thuc hién,
+ R-Vt(z)[0] = Sup(R-Vit(z)[0], Vt(dm-read(z)[0]).
+ R-Vit(z)[1] = Vit(dm-read(z)[1]).
R2. Khi SC nhén dugc 1énh prewrite(z) tir mét tram ¢ nao d6, né xi& 1y nhu sau:
bit P = Vit(prewrite(z))
if (P[1] = W-Vt(z)[1]) then
begin
if (P[0][P[1]] > W-Vt(z)[0][W-Vt(z)[1]]) then
begin
Dit prewrite(z) vao buffer
end
else begin
Loai prewrite(z), //1énh dén mudn thoi gian//
Loai giao tac twong tng
end
else
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begin
if (P[0] = W-Vt(z)[0]) then
begin
Loai prewrite(z)
Huy bd giao tdc twong img.
end
else
begin
Dit prewrite(z) vao buffer
. end
end
end
if (P[1] = R-Vt(z)[1] then
begin
if (P[0][P[1]] > R-V't(z)[0][R-Vt(z)[1]]) then
begin
Dit prewrite(z) vao buffer
end
else begin
Loai prewrite(z), //Lénh dén mudn thoi gian//
Loai giao tac twong @ng.
end
else
begin
if (P[0] => R-Vt(z)[0]) then
begin
Loai prewrite(z)
Hiy bé giao tic twong irng.
end
else
begin
Dt prewrite(z) vao buffer
end
end
end

R3. Khi nhan dwoc dm-write(z) SC sé x& 1y nhu sau:
+ dm-write(z) dugc dit vao buffer & vi tri twong Gng so sanh véi cic dm-
write(z) khdc dang chd xtr ly trong buffer.
+ Ki€m tra xem c6 dm-write(z) niao théa man: -
(Vt(dm-write(z)) — min-R-V¢(z) or Vit(dm-write(z)) = min-R-Vi(z))
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\

va ;
(Vt(dm-write(z)) — min-P-Vt(z) or Vit(dm-write(z)) = min-P-Vi(z)),
néu thda man, thuc hién cdc hanh dong sau:

1) Chuyén dm-write(z) cho DP thuc hién,

2) W-Vt(z)[0] = Sup(W-Vt(z)[0], Vit(dm-write(z))[0]).

3) W-Vit(z)[1] = Vit(dm-write(z)[1],

4) Loai prewrite(z) twong tng véi dm-write(z) vira dugc thyuc hién khdi
buffer. Xac dinh lai min-P-V¢(z). Ki€m tra xem c6 dm-read(z) nao dd diéu kién
thuc hién khéng. Khi ¢ mot dm-read(z) nao dé trong buffer dwgc htuc hién, x4c
dinh lai R-Vt(z) va min-R-Vt(z). Néu min-R-Vt(z) thay d8i, kiém tra xem cé
dm-write(z) nao trong buffer ¢6 dd diéu kién thuc hién khong.

Trén co s& cac ludt R1, R2, R3 gidi thudt BVtO dwoc trinh bay nhu sau.

Gidi thuat BVtO

declare-var
msg: Message;
begin
repeat
wait(msg);
case of msg
dm-read: begin
Xt Iy theo ludt R1
end
prewrite: begin
Xt 1y thoe ludt R2
end
dm-write:  begin
Xt 1y theo luat R3;
end
end-case
until forever
end
V. HIEU QUA

Trong ph3n nay sé chi ra ring stt dung Vector time d€ sinh nhan hiéu qud
hon st dung kj thuit dong ho tuyén tinh. Dé gidi quyét van dé nay, ching toi
sé so sanh hiéu qua giira cic gidi thuidt BLtO 1a gidi thudt BTO st dung ky thuat
dong hd tuyén tinh cda Lamport dé sinh nhan véi gidi thuat BVtO 1a gidi thuat
BTO st dung kj thuit Vector time d€ sinh nhan. Mtc d6 hiéu qud & day duoc
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xem duéi géc d6 cac log ma né cé thé sinh ra duogc.

Truéc hét sé chirng minh tip céc log dwgc sinh bdi gidi thudt BVtO khong
nhé hon tip cic log dwoc sinh bdi gidi thuit BLtO. K&t qud nay duoc biéu dién
thong qua dinh ly sau.

Dinh 1y 1. Néu log L dvgc sinh bdi gidi thugt BLtO thi L cing dwgc sinh bdi
gidi thudt BVtO.
Chitng minh: Gid st nguoc lai. Ton tai logL = s;, sz, ..., Sm dugce sinh bédi gidi
thuat BLtO nhung log ndy khong thé duwoc sinh béi gidi thuat BVtO.

Do ton tai {t nh&t mét c8p s;, sz sao cho:

hodc s; s; xung 46t r — w

ho#c s; s; xung d6t w - w
ma s;s; khoéng xir 1y duoc bdi BVtO nhung lai xir 1Ij dwoc béi BLtO.

Truéc hét ching t6i sé chi ra ring diéu nay khéng thé xdy ra dugce véi truong
hop xung 46t r — w.

Dua vao ludt R1, ta cé véi cdp s; s; khong xir Iy duwoc bdi gidi thuat BVtO
chi c6 thé 13 mdt trong cic truwdng hop sau.

2) Vi(or)l1] = Ve(sl1] v& Vi(sy )OIV t(sp)1] = 1] < Ve(so)ollve(s1] - 1
D3n dén s; va s; x3y ra tai cuing mét tram va s; xdy ra truéc s;. Do d6 theo
nguyén Iy 1am viéc cia dong ho tuyén tinh ta cé:

Lt(s;) < Lt(s;) (1)
b) Vi(s)s)[0] = Vi(s:)[0],
do dé Vit(s;)[0])l¢] < Vit(si)[0][z], 2 = 1,..., n va ton tai it nh&t mdt gid tri nao d6
sao cho:
Vit(s;)[0][k] < VtPs;)[0][k] suyra s; € Past(s;)
Theo nguyén Iy 1am viéc cia dong hd tuyén tinh ta cd:

Lt(s;) < Lt(s:) 2)

T (1) va (2) suy ra khéng thé x4y ra trudng hop s;s; xung dot r — w va s;
s; xtr Iy dwoc bdi BLtO ma lai truong hop xung dét r — w.

Viy néu logL dugc sinh béi BLtO thi L ciing duoc sinh bédi BVtO.

Dinh Iy dwgc chirng minh.

Dinh 1y 2. Tdp cdc log sinh bdi BLtO la tdp con thuc su cia tdp cdc log dvoc
sinh bdi BV1O.
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Chitng minh: D€ ching minh dinh ly ndy ta chi einichi ra t6n tai mot log duoc
sinh bdi BVtO nhung lai khong sinh dwgc béi BLEO.

logL dwoc xay dung khéng khé khin. Ta chi mmng trong L c6 hai
phép todn xung dot s; s; thudc cdc giao tic T, Tj | fiﬁﬂs'ﬁf&\ﬂiﬁ‘ cho thda man:

g zohwble
SEOV0 woex

Lt(s;) < Lt(s;)

va Vit(s;)[0] // Vi(s:)[0] va Vi(s;)[0][ViE(s;)[1] —1] > Vt(s.)[(jl V%(s,)[l] —1].
Cip phép toan nay sé bi tir chdi bdi BLtO nhwng lai xir ly dlIO’C béi BVtO.
Dinh Iy dugc chimg minh. i

Mot két qué dé dang nhin thdy 1 trong s8 cic phép todn bi BLtO khéng
chdp nhan dan dén giao tac twong ing budc phdi thuc hién lai khéng chi 13 nhitrng
phép toan dén muén thoi gian. Theo nguyén 1y cia dong ho tuyén tinh thi x3dy
ra trwong hop cé nhirng phép todn dwoc gdn nhan thoi gian nhd nhwng khong
c6 nghia d6 1a nhirng phép todn dén mudn. Nhirng trudong hop nhw vay da gidi
quyét t3t khi ching ta st dung kj thudt Vector time d€ sinh nhan thoi gian.

/

(1,041)
! 2 3 4 5
(0.10,2) (42,02) (4322) (0422) (152,2)
/ 2

(0.013) 94623)

Hinh 2. Vi du trwong hogp BVtO xit Iy nhung BLtO khéng xi Iy dugc

Vé&i nhirng quan di€m da 4p cho thuit toan BTO va nhirng két qua thu dwoc
tir viéc 4p dung nay c6 thé mé réng cho céc gidi thuit st dung ky thuit gdn nhan
thoi gian khdc. Va ta cing nhan thdy v&i nhirng céch sinh nhan thoi gian khéc
nhau, ta c6 thé thu dwoc nhirng gidi thuit hoat dong véi nhirng hiéu qud khéc
nhau. Hiéu qud cia gidi thudt phu thudc nhiéu vao dé chinh x4c cda sy phdn d4nh
thoi gian ma céc k§j thuit sinh nhan khic nhau cé thé dat duwoc.
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