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Abstract: For the concurrence control algorithms using times tamp 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.

v '" '"1. DAT VAN DE

Trong cac h~ CSDL phan bin, ky thuat g~n thoi gian thtrong durrc str dung
.. trong cac thuat toan di'eu khi~n trtrong tranh. M\1c dich cila viec g~n nhan thrri

gian la d~ tao cho cac phep toan truy nhap CSDL m<}tthtr t1! t5ng th~. Tuy nhien,
vi~c tao ra m<}teo chg sinh nhan ly tirong la m<}tvi~c hgt sire kh6 khan. Do v~y,
ngiroi ta cB g~ng tao ta nhirng eo chg sinh nhan cang -g'an voi eo chg sinh nhan
ly tireng cang tBt. Thong thtrong d~ tao nhan nguoi ta thuong str dung dang ha
logic hoat d<}ngtheo nguyen ly cua Lamport de xudt nam 1978 [4]. Tuy nhien ky
thu~t nay khong chinh xac, phan anh khong day du thong tin thoi gian cho cac
S1!kien xfiy ra trong h~ thBng. Vector time la ky thuat diro'c de ·xuat bd-i Fidge
nam 1991 [2] str dung kha tot cho viec xac dinh trang thai t5ng th€ trong cac h~
tfnh toan phan tan truyen thong bao. Trong bao nay, chting toi trlnh bay mot
eo chg sinh nhan dira tren ky thu~t Vector time cho -thuat toan dieu khi~n ttrong
tranh BTO trong cac h~ CSDL phan tan. Kgt qua nhan diroc thuat toan hoat
d<}ngtot hon v&i vi~c str dung eo chg sinh nhan b~ng dang ha logic cua Lamport.
Danh gia hieu qua cua thuat toan mci nay cling diroc chi ra.
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11. MQT SO KHAI NI~M cc BAN

H~ phan tan la m<}tt~p cac qua trlnh tuan tlf' PI, P2, .•• , Pn c6 th~ lien lac voi
nhau thong qua trao d5i thong bao. a day cac kenh truyen thong diroc gia dinh
la hoan toan tin c~y, d<}tr€ truyen thong la hiru han nhimg khong doan trtrrrc
diroc.
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Tinh. todn. phiin. tan mo ta diroc thirc hi~n cila m<}t clnrong trlnh phan tan
gom m<}t t~p cac qua qua trlnh.

Thirc hien cua m<}t qua trlnh tuan tv diroc bi~u di~n nhir mdt day cac sir
kien, Mdt sv kien eo th~ la n<}itai trong qua trlnh do va chi thay d5i trang thai
cvc b<}trong qua trlnh do. M<}t str ki~n cling eo th~ keo theo nhirng qua trlnh
khac b~ng viec gu-i ho~c nhan thong bao.

T~p cac sV kien cua tinh toan phan tan diroc s~p bd-i thir tv theo qui t~c sau:
• Ctic stf.Jqfn x5y ra trong cung mqt qua trinh Id a/I.u!c sdp todn bq.
• sf! ki4n gththong btio x5y ra tru ac Sf! ki4n nh~n thong bao a6.

Ky hieu t~p E la t~p cac str ki~n cua m<}ttfnh toan phan tan va -t la thir ttr
xac dinh tren E.

Cho e, lEE, neu Note -t I va Not I -t e khi do ta noi e va I xay ra dong
tho'i va ky hieu la e] / I.

Quan h~ thir tv diroc sinh ra bo i t~p E voi thtr tv -t duoc ky hieu la (E, -t).
Cho e E E, khi do ta dinh nghia:

• Past(e) = {I E Ell -t e}
• Future(e) = {I E Ele -t I}

Khai niem h~ CSDL phan tan d- day bao gom ca khai niem CSDL phan tan
va h~ quan tr] CSDL phan tan, trong do: CSDL ph an tan ld mqt t~p ctic CSDL
c6 quan h4 v(h nhau Vt mgt logic vd ilu oc phiin. bo tren mqt mq,ng may tinh, H~
qudn tri CSDL phiin. tan Id h~ thong phan mem cho phip qudn tri CSDL phan tan
vd lam cho Sf! phiin. tan a6 trong suot aoi vai nguai stf dlfng 17J.

Ciao ttic la khai niem d~ chl don V! tinh toan tin c~y va ttrorig thich trong
cac h~ CSDL phan tan.
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Ill. SINH NHAN DU'A TREN NCUYEN LY CUA LAMPOT. . :'.
-: ~'-'::!~~;:-:.:...

Mot ky thu~t sinh nhan truyen thong thircng hay diroc su- dung cho cac giai
thuat dieu khien ttrcrng tranh dira tren ky thuat g~n nhan thci gian la ky thuat
diroc xay dirng tren nhirng nguyen ly cua Lamport de xuat 1978. Trirrrc het se
trlnh bay nguyen ly lam vi~c sau do d<}chinh xac cua ky thuat se dtro'c xem xet.

1. Nguyen ly lam vi~c

Xet m9t h~ phan tan gom n qua trlnh PI, P2, ••• , Pn hoat d<}ng theo nguyen
ly nhir sau:

• Cac s,! kien xay ra trong cung m<}t qua trinh la diro'c s~p toan b<}.
• Giira cac qua tlnh co th~ trao dc5i thong tin b~ng viec gu-i thong bao va

sir ki~n glH thong bao xay ra truce S,! kien nh~n thong bao do.
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M6i qua trlnh PI diroc gc1nmot dang ha tuyen tfnh C, la me}t bien nguyen
nhan cac gia tri tang dan. Cac Ci lam viec nhir sau:

1) M9i thong bao cua mot qua trlnh bat ky gu-i cho mot qua trlnh khac deu
mang theo gia tri thoi gian cua qua trlnh do tai tho'i di€m gu-i thong bao.

2) Trurrc khi xu- ly me}t sir kien ne}itai xay ra trong m6i qua trlnh thirc hien:
C, = C; + d (d nguyen dirong].

3 Khi me}t qua trlnh Pi nhan diroc me}t thong bao tir qua trlnh Pj, C; diroc
xu- ly nhir sau:

C, = max(Ci, Cj),

C, = C, + d.
Gia tr] thoi gian gan cho cac s,! ki~n xay ra trong h~ thong diro'c su- dung lam

nhan thoi gian d€ xem xet quan h~ giira cac sir kien xay ra trong h~ thong.

2. D(> chfnh xac
Bay gio- ta xet de}chfnh xac cila ky thuat nay khi phan anh mdi quan h~

giira cac s,! kien trong h~ thong phan tan. S,! khong chinh xac nay t~p trung vao
nhirng s,! kien xay ra dang thoi. Ta se co gc1ngdinh hrong xem dang ha tuyen
tinh se phan anh duce chfnh xac bao nhieu quan h~ giira cac c~p s,! ki~n va bao
nhieu quan h~ phan anh khong chinh.xac. Xet E la t~p cac sir kien, va - la thir
t'! xac dinh nhir tren t~p cac sir kien. Dinh nghia hq,ng cua mQt s,,! kifn e la chieu,
dai lan. nluit cua cue zich. ktt thsic tq,i e va ky hifu la r( e). U day xich la me}t t~p
con cua E cac sir ki~n tirng doi met so sanh diro'c voi nhau theo thir ttr - .

n
T~p R = U R; voi Vi 2: 0, R; = {e E Elr(e) = i} dtrrrc goi la phan tich hang

i=l
cua (E, -).

Ta d~ dang chirng minh dtroc:
• Nt« ef E E va r(e) = r(J) thi e] If. (1)
• se« ef E E va r(e) = r(J) thi C(e) = C(J). (2)

TU-cac menh de (1) va (2) t~p cac c~p cac s,! kien cua E xay ra dang thoi va
eo hang b~ng nhau thi eo gia tri dang ha tuyen tfnh b~ng nhau. Tuy nhien, ta eo
neu e/ / f thl eo th€ eo nhirng s,! kien 9 eo quan h~ nhan qua doi v&i f ma e/ / 9
va v&i nhirng trirong hop nay ta eo r( e) i= r(g) keo theo C (e) i= C (g). Tirorig tir,
mot each doi xirng eo th€ co nhirng s,! kien h eo quail h~ nhan qua v&i f ma f / / h
va voi nhirng trtrong hop nay ta co r(J) i= r(h) keo theo C(J) i= C(h). So nhirng
s,! ki~n nhir v~y eo th€ dinh hrong trong cong thirc sau:

IIPast(J)I -IPast(J) n Past (e) 11+ IIFuture(J)I-IFuture(J) n Future(e)11+
IIPast(e)I-IPast(e) n Past(J) 11+ IIFuture(e)l- [Futurete] n Future(J)11
Nhir v~y dang ha tuyen tinh chl d~c trtrng diroc me}tphan quan h~ dang thoi.

T5ng so nhirng c~p quan h~ dang thoi phan anh diroc bo-i dang ha tuyen tfnh eo
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th~ dinh hrong dircc b&i cong thirc sau:

n"21= L- CIRd
i=l

(3)

Neu goi N la to'ng so nhirng c~p (e, J) ma e] I f thl so nhirngcap phan anh
khong chinh xac b<ti cong thirc dong ho tuyen tfnh se la: .

Nerr = N - L

Nerr se phuc thuoc vao tirng trtrorig hop c~ th~, no se dat Cl[Cdai khi giira cac
qua trlnh khong eo trao d5i thong bao voi nhau va dat Cl[Cti~u khi t~p cac str
ki~n la diroc sc1ptoan b9.

Slf phan -anh khong chfnh xac ciladong ho tuyen tinh da lam giam hieu qua
cua nhirng gilLi thu~t di'eu khi~n tirong tranh dira tren ky thuat gc1nnhan thoi
gian. Slf phan anh kh6ng chinh xac nay da d~n t&i trtro'ng hop eo nhirng trirong
hop cac Slf kien xay ra dong thoi nhirng dira vao cac nhan thoi gian, giai thuat
eo khi lai nham hi~u chiing eo quan h~ nhan qua v&i nhau d~n den nhirng trirong
hop phai thirc hien lai giao t ac phi IY.

Van d'~ d~t ra la din phai xac dinh m9t CcYche sinh nhan tot cho nhirng giai
thuat di'eu khi~n tirong tranh dira tren ky thuat gc1nnhan thoi gian. CcYche dtroc
chon se la Vector time da diro'c trlnh bay trong phan tiep theo.

, , A A'

IV. SU D1jNG VECTOR TIME TRONG CAC H~ CSDL PHAN TAN

1. D'[nh nghIa Vector time

Dg thuan ti~n cho vi~c trlnh bay, chung toi se nhdc lai dinh nghia Vector time
[3]. Cho N la t~p cac so nguyen, E la tinh toan phan tan. Dinh nghia m9t anh
xa don vi E vao N",

C : E -+ N"

thoa man hai di'eu ki~n sau:
1) e, fEE, e -+ f {:} C(e) => C(f),
2) e, fEE, ell f {:} NotC(e) => C(f) va NotC(f) => C(e).
Thir ttr Rightarrow diroc xac dinh nhir sau:
C(e) => C(f) {:} C(e)[i] ::; C(f)[i], i = 1, ... , n va ton tai m9t gia tr] k d~

C(e)[k] < C(f)[k].
C (e)[ i] la toa d9 th u- i cua vector C (e) trong khong gian n»,
Tnrong hop C(e) va C(f) khong so sanh diroc vci nhau, d~ don gian chung

toi cling su dung ky hieu C(e)IIC(f).
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Ta goi C(e) la Vector time cila sv kien e va t~p C(E) diroc goi la t~p cac
Vectrr time tirong irng v&i cac t~p sv kien E.

2. Ung dung

a. Mo ta h~ thong
CS CL phan tan gam cac item dir li~u XI, X2, ••• , Xm diroc phan ho tren mang

may tfnh gam cac tram c6 ten id!, id2, ••• , idn. Cac item dir li~u c6 thg l~p tren
mdt so tram, Cac ten tram la duy nhat va diroc lay tit m<}tt~p diroc sc1p toan h<}
nao d6, dg don gicin c6 thg lay ten tram trimg v&i so thir tv cua tram tren mang.
Tai m6i tram tren mang may t inh diroc gc1nm<}t Gang ha logic la m<}t vecto gam
hai phan:

• M<}t vecto' n chieu Ci(CL C~;... , C~) E N'",
• Ten tram ttrong img.

Nhir v~y dang ha logic tai m8i tram i (i = 1, ... , n) la m<}t c~p (Ci, idi).
Tren t~p cac Vector time xac dinh m<}t thu tv t5ng thg - nhir sau. (C, id)

va (C', id') la hai Vector time hat ky. Ta n6i:
(C, id) - (C', id') {:} ho~c (C =? C') ho~c (C/ /C' va id < id').

T~p cac sv kien xac dinh trong h~ thong gam cac loai su' kien.
• Sv kien khoi tao giao tac,
• Sir kien gli-i thong bao,
• Sv ki~n nhan thong bao.

CO' che lam viec cua dang ha dircc xac dinh nhtr sau:
• Khi c6 m<}t giao tac dtroc khoi tao tai m<}t tram i nao d6 thl tea d<}thir

i trong thanh phan thir nhfit cua dang ha tai tram d6 diroc tang len 1.
Nhan thoi gian diro'c gan cho giao tac la gia tr] cua dang.ha cua tram tai
thoi digm d6.

• Khi m<}t tram i gli-i m<}tthong bao cho m<}ttram nao d6 (i =I J.) thl tao d<}
thir i trong thanh phan thir nhat cua dang ha tai tram i tang len 1. Gia
tr] tho-i gian tai thoi digm nay cling diroc gli-i cling thong bao t&i tram J.

• Khi m<}t tram i nhan duce m<}t thong bao tit tram i thi dang ha tai tram
J. diroc xac dinh nhir sau:
(Cj' idj) = (Sup «», ct idj).

Gia tri toa d<}thtr i trong thanh phan thunhat cila dang ha tai tram i
diroc tang len 1.

Phep toan Sup Cl day diroc xac dinh nhir sau:
X, y la cac vecto n chieu, khi d6 Sup (x, y) = w la vecto diroc xac dinh nhir

sau: w[i] = max(x[i], y[i]), i = 1, ... , n.
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Ta d~ dang thay diroc v6i each xay dung dong ho nhir the nay dam bao phan
anh dtroc cac hi~n tirong:

+ Trong mot tram thl sir kien xay ra sau eo gia tr] thoi gian 16n hon.
+ Sv kien nhan thong bao eo gia tr] thoi gian Ion hon thoi gian xay ra sv

kien gtri thong bao ttrong irng.

(1,0.0 (2,0,1) (3,2,1)

e, C'z ~

(0, 1,2)

f, ft
et..•..e;...•r, ...•..fr-e3

Hinh 1. Vi du ve thir tv cac sv kien h~ thong

b. Gicii thu~t di'eu khi€n truy nh~p CSDL
GicH thu~t diroc xay dung tren ea sO-giai thuat BTO. Ttr tirong chu dao 0-

day la ta xet giai thuat BTO v6i ea che g~n nhan thoi gian str dung Vector time
va chiing toi goi la BVtO. Nhan thoi gian dtroc gan cho m6i giao tac tai thoi di~m
khoi tao la gia tr] Vector time tai thoi di~m do.

V6i m8i item dir li~u x hru trir tai tram. se se sa dung cac bidn sau:
• R-Vt(x): R-Vt(x)[O] la t5ng hop toan b<}tri thirc va thoi gian ma se

biEh duce ve cac dm-read(x) da diroc xtr IY. R-Vt(x)[l] la so hieu cila
tram ttrong irng v&i dm-read(x) da dtroc xa ly gan nhat.

• W-Vt(x): Biell eo ki~u Vector time, trong do W-Vt(x) [0] la t5ng hop toan
b<}tri thirc ve thoi gian ma se biet diroc va cac dm-write(x) 'da diro'c xtr
IY. W-Vt(x)[l]la so hieu cila tram tirong irng v&i dm-write(x) da diroc
xtr ly gan nha t.

• min-R-Vt(x): la Vector time nho nhat trong so cac Vt(dm-write(x)) d~t
trong buffer cho' thirc hien.

• min-P-Vt(x): la Vetor time nho nhat trong so cac Vt(prewrite(x)) d~t
trong buffer.

Vt(x) la ham lay Vector time cila bidn X.

Qua trlnh dong b<}duce thirc hien theo cac lu~t sau:

RI. Khi eo dm-read(x) den tram, se xa ly nhir sau:
D~t R = Vt(dm-read(x))
if (R[l] = w-Vt(x)[l]) then
begin

if (R[O][R][l] ~ W-Vt(x)[O]W-Vt(x)[l] then
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begin
D~t dm-read(x) vao buffer cho- thirchien

end
else begin

Lo~i dm-read(x), / /l~nh den muon th(Yi gian/ /
Loai giao tac tirong img.

end
else begin

if (R[O] => W-Vt(x)[O] then
begin

Loai dm-read(x)
Huy bo giao tac tirong img.

end
else begin

D~t dm-read(x) vao buffer cho thirc hien
end

end
end
Khi dm-read(x) duce d~t vao buffer no se diroc sc1pxep vao vi trf tirong irng

theo thtr tv tang dan cua cac Vt(dm-read(x)) dang cho thirc hi~n trong buffer.
Kiem tra cac Vt(dm-read(x)) trong buffer theo gia tr] tang dan xem eo l~nh

nao thoa man di'eu ki~n:
Vt(dm-read(x)) ~ min-P-Vt(x).

Neu thoa man thirc hien cac hanh dc}ng:
+ Chuydn dm-read(x) cho DP thirc hien,
+ R-Vt(x)[O] = Sup(R-Vt(x)[O], Vt(dm-read(x)[O]).
+ R-Vt(x)[l] = Vt(dm-read(x)[l]).

R2. Khi SC nh~n dtroc l~nh prewrite(x) tu mt?t tram i nao do, no xtt ly nhir sau:
D~t P = Vt(prewrite(x))
if (P[l] = W-Vt(x)[l]) then
begin

if (P[O][P[l]] ~ W-Vt(x)[O][W-Vt{x)[l]]) then
begin

D~t prewrite(x) vao buffer
end
else begin

Loai prewrite{x), / /l~nh den muon thoi gian/ /
Loai giao tac tirong irng

end
else
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begin
if (P[O] =? W-Vt(x)[OJ) then
begin

Loal prewrite(x)
Huy bo giao tac ttro'ng irng.

end
else
begin

D~t prewrite(x) vao buffer
end

end
end
if (P[l] = R-Vt(x)[l] then
begin

if (P[O][P[l]] 2: R-V t(x)[O][R-Vt(x)[l]]) then
begin

D~t prewrite(x) vao buffer
end
else begin

Loai prewrite(x), / /L~nh d~n muon thoi gian/ /
Loai giao tac ttro'ng irng,

end
else
begin

if (P[O] =? R-Vt(x)[OJ) then
begin

Loai prewrite(x)
Hily bo giao tac tirong img.

end
else
begin

D~t prewrite(x) vao buffer
end

end
end

R3. Khi nhan diroc dm-write(x) se se xtr If nhtr sau:
+ dm-write(x) diroc d~t vao buffer & vi trf tirong irng so sanh voi cac dm-

write(x) khac dang cho xtr If trong buffer.
+ Ki~m tra xem c6 dm-write(x) nao thoa man:

(Vt(dm-write(x)) - min-R-Vt(x) or Vt(dm-write(x)) = min-R-Vt(x))
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va
(Vt(dm-write(x)) -+ min-P-Vt(x) or Vt(dm-write(x)) = min-P-Vt(x)),

neu thoa man, thirc hien cac hanh d<}ngsau:
1) Chuydn dm-write(x) cho DP thirc hien,
2) W-Vt(x)[O] = Sup(W-Vt(x)[O], Vt(dm-write(x))[O]).
3) W-Vt(x)[l] = Vt(dm-write(x)[l],
4) Loai prew1'ite(x) tirong img vai dm-write(x) vira diroc thirc hien khoi

buffer. Xac dinh lai min-P-Vt(x). Ki~m tra xem eo dm-read(x) nao du di'eu kien
thuc hien khong. Khi eo m9t dm-read(x) nao do trong buffer diroc htirc hien, xac
dinh lai R-Vt(x) va min-R-Vt(x). Neu min..'R-Vt(x) thay d5i, ki~m tra xem eo
dm-write(x) nao trong buffer eo dii dieu kien thirc hien khong.

Tren ea sa cac lu~t RI, R2, R3 giai thuat BVtO diro'c trinh bay nhir sau.

GiAi thuat BVtO
declare-var

msg: Message;
begin

repeat
waitjmsg};
case of msg

dm-read: begin
Xtr Iy theo Iu~t RI

prewrite:
end
begin

Xtr Iy thoe Iu~t R2

dm-write:
end
begin

Xtr ly theo Iu~t R3j
end

end-case
until forever

end

A ,

V. HI~U QUA

Trong phan nay se chi ra r~ng str dung Vector time d~ sinh nhan hieu qud
hon su dung ky thuat dong ho tuyen tfnh. D~ giai quyet van de nay, cluing toi
se so sanh hieu qua giira cac giai thuat BLtO la giai thuat BTO su dung ky thu~t
dong ho tuyen t.inh cila Lamport d~ sinh nhan voi giai thu~t BVtO la giai thuat
BTO str dung ky thuat Vector time d~ sinh nhan. Mire d9 hi~u qua a day diroc
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xem dtr&i goc d9 cac log ma no co th~ sinh ra diroc.
Triroc het se chirng minh t~p cac log duoc sinh bd-i gi<ii thu~t BVtO khong

nho hon t~p cac log diro'c sinh bd-i giai thuat BLtO. Ket qua nay diroc bi~u di~n
thong qua dinh ly sau.

Dinh If 1. Neu log L iluo c sinh bcfi gidi thug,t BLtO thi L ciing iluo c sinh bcfi
g-idi thug,t B VtO.

Chung minh: Gia sli- ngiro'c lai. T5n tai 10gL = SI, S2, ... , Sm diroc sinh bd-i giai
thuat BLtO nhirng log nay khong th~ dtroc sinh bd-i gia! thu~t BVtO.

Do ton tai it nhat mot c~p SI, S2 sao cho:
ho~c Si Sj xung d9t r - w

ho~c Si Sj xung d9t w ~ w
ma SiSj khong xli- ly diroc bd-i BVtO nhirng lai xli- ly diroc bd-i BLtO.

Trtnrc het chiing toi se chi ra r~ng di'eu nay khong th~ xay ra diro'c v&i truong
hop xung d9t r - w.

Dira vao lu~t RI, ta eo voi c~p Si Sj khong xli- ly dtroc boi giai thuat BVtO
chi eo thg la m9t trong cac trtrong hop sau.

a) Vt(sJ')[l] = Vt(si)[l] va Vt(sJ')[O][Vt(sj)[l] - I] < Vt(Si)[O][Vt(Si)[l] - I].
D'" d" , , tai A " , Do do than en Si va SJ' xay ra ~l cung mot tram va Sj xay ra trtrrrc Si. 00 eo
nguyen ly lam vi~c cila d5ng h5 tuyen tinh ta eo:

Lt(Sj) < Lt(Si) (1)

b) Vt(s);')[O] * Vt(Si)[O],
do do Vt(sJ')[O][i] :-s; Vt(si)[O][i], i = 1, ... , n va t5n tai It nhat m9t gia tri nao do
sao cho:

Vt(Sj)[O][k] < VtPsi)[O][k] suy ra Sj E Past(Si)
Theo nguyen Iy lam viec cua d5ng h5 tuyen tinh ta c6:

Lt(Sj) < Lt(Si) (2)

TU- (1) va (2) suy ra khong th~ xay ra trirong hop SiS,- xung d9t r - w va Si
Sj xli- Iy diroc bd-i BLtO ma lai trirong hop xung d9t r - w.

V~y neu 10gL diroc sinh boi BLtO thl L cling duce sinh boi BVtO.
Dinh ly diroc chirng minh.

Dinh If 2. Tg,p cdc log sinh beti BLtO Id tg,p con thtfc stf cua tg,p cac log iluo c
sinh bcfi B VtO.
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Chung minh: D~ chirng minh dinh If nay ta chi can chira ton tai ID9t log diroc
sinh bo-i BVtO nhirng lai khong sinh diroc bOoiBLtO.

logL diroc xay dirng khong kh6 khan. Ta chl can xay dirng trong L c6 hai
phep toan xung d9t Si Sj thuoc cac giao tac Ti, Tj phan biet sac cho thoa man:

va Vt(Sj)[O] / / Vt(Si)[O] va Vt(Sj)[O][Vt(sj)[l]-l] > Vt(Si)[O][Vt(Si)[l] - 1].
C~p phep toan nay se b] tir chdi bo-i BLtO nhirng lai xtr If diroc bo'i BVtO.
Dinh If diroc chirng minh.

M9t ket qua d~ dang nhan thay la trong so cac phep toan b] BLtO khong
chap nhan d~n den giao tac tirong irng bu(}c phai tlnrc hien lai khong chl la nhirng
phep toan den muon tho'i gian. Theo nguyen If cila dong ho tuyen tinh thl xay
ra trtrong ho-p c6 nhirng phep toan dtroc gcin nhan thoi gian nho nhirng khong
c6 nghia d6 la nhirng phep toan den muon, Nhirng trirong hop nhir v~y da giai
quyet tot khi chting ta str dung ky thuat Vector time 'd~ sinh nhan tho'i gian.

f 2 5
(0,1,0,2) (42,42) (0,1-,2,2) (1,5;2,2)

I 2
(0,0,1,3) (0,0,2,3)

Hinh 2. Vi du trtrong hop BVtO xtr If nhimg BLtO khong xtr If diro'c

V&i nhirng quan di~m da ap cho thuat toan BTO va nhirng ket qua thu diroc
tir viec ap dung nay c6 th~ mo r(}ng cho cac giai thuat str dung ky thuat gcin nhan
tho'i gian khac. Va ta cling nhan thay v&i nhirng each sinh nhan tho'i gian khac
nhau, ta c6 th~ thu diroc nhirng giai thu~t hoat d(}ng v&i nhirng hieu qua khac
nhau. Hieu qua cila giai thuat phu thuoc nhieu vao d9 chinh xac ciia str phan anh
tho-i gian ma cac ky thuat sinh nhan khac nhau c6 th~ dat diroc.
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