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Abstract. The article proposes a method of scheduling for controlling transactions accessing databases
concurently in read-and-write model. This schedule is serializable, that it is equivalent to a seri of all
given transactions.

1. MQT s6 KHAI NI~M CHUNG

1.1. Djnh nghia mo hlnh

M6 hinh iloc va aqc-ghi (read and read-and-write [1,2]) la mo hlnh trong d6 m6i do'n vi dir li~u
(DVDL) ciia CO" s& dir lieu (CSDL) c6 thif diro'c cac giao tac chidrn giii' bdi. hai dang kh6a sau:

- Kh6a doc (R): Khi m9t giao t ac lay diro'c kh6a R cila DVDL A, n6 chi diro'c phep d9C gia tri
cua A. Day la kh6a & chg d9 dung chung, nghia la cho phep nhieu giao tac cung chiern giii' kh6a R
cua m9t DVDL tai cimg mqt tho i di~m. Bi~u di~n T : R(A) cho biet tai thci di~m quan sat giao tac
T xin d9C DVDL A.

- Kh6a doc -ghi (W): Khi mqt giao tac lay diroc kh6a W cua DVDL A, n6 diro'c phep d9C va ghi
gia tri vao A. Day Ia kh6a o' che dq dung rieng, nghia la cho phep mqt giao tac cung chiern giii' kh6a
W cu a mdt DVDL khi DVDL d6 khOng bi kh6a b&~m.9t giao tac nao khac. Bifu di~n T : W(A) cho
biet tai thai difm quan sat giao tac T xin chidrn giii' DVDL A M thuc hien giao tac doc=ghi.

Tir dinh nghia tren ta thay ding, h~ thong c6 th€ cho phep nhieu giao tac cling chi doc mqt
DVDL. Nhirng M mqt giao tac c6 thif doc+ghi vao DVDL nao d6 thl tai thai diifm d6 DVDL ph ai
khong bi giao tac nao khac chiern giii' kh6a.

1.2. Lich bi~u va tinh kha tuan tv cua lich bi~u

Mqt ky thu~t CO" bin dung M di'eu khiifn dong thai mot t~p giao t.ac cling truy nh ap CSDL Ia
xay du'ng rndt lich. bie'u (schedule). Theo thu' tl!-'d6, cac biro'c CO" bin cu a cac giao t ac diro'c thirc
hien. Cac thao tac cu a m9t giao t ac bat ky phai xuat hien trong lich biifu theo dung th ir tl!-'ma
chung xuat hi~n trong giao taco M9t Iich biifu S dtro'c goi la khd tuiin. t"! (serializable) neu tac d9ng
cuoi cung cua n6 len CSDL ttro'ng dtro'ng v6i mot lich biifu tuan tl!-'cua cac giao t ac (la lich bifu
dtro'c l~p bhg each cho thuc hien fan hrot vatron v~n theo thu' tl!-'nao d6 t irng giao tac mqt) [1,2].

1.3. Kie'm tra tinh kha tuan t'! ciia lich bie'u

Bq l~p lich bifu phdi dam bao moi lich bifu diro'c l~p ra kha tuan ttr. Do v~y, can c6 mqt phep
kigm tra don giin ve tinh kha tuan tv cua lich bifu. Phuong phap truydn thong diro'c rno d. mqt
each hlnh thtrc trong thu~t toan sau [1].

'I'huat toan 1. Kie'm tra tinh. khd tuan t"! c'li.a mqt lic]i us«
Vao: Mqt lich big ~ S ciia mqt t~p cac giao t.ac T1, T2, ... , Tn.
Ra: Xac dinh xem S c6 kha tuan tv khOng, neu c6 dtra ra thu' tl!-'tuyen tinh cua cac giao tac

tu cng dtro'ng v6i S.
Phss o tu; pluip :
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Buurc 1. Tao m9t do thi dinh hirong G [goi Ia do thi dqi.) co t~p dinh Ia t~p cac giao t ac. Cac
cung cii a do thi G dircc xay dung nhir sau:

1. Neu co thao tic dang Tj : R(A) trong S thl tlm xem gia tr] cii a A hien t ai do giao tac 1'; nao
do dii ghi. Neu co va T; =1= Tj, ve m9t cung tir 1'; den Tj.

2. Neu co thao tac dang Tj : W(A) trong S thl tlm xem nhii:ng giao tac T; nao dii d9C ho~c ghi
gia tr~ hien t ai cua A. Neu co, thi voi m~i trtro ng hop Tj (Ti =1= Tj) vii mdt cung tu: T; den Tj.

Y nghia cua cung tu: 1'; den Tj Ia giao tac T; dirng tru'o'c giao tac Tj trong thir tl).·tuyen tfnh
tirong duo ng cua lich bi~u S.

Bu o:« 2. Ki~m tra do t hi G, neu G co chu trinh tht Iich bii!u S khOng kh a tuan tu , ngtro c lai
S Ill. kha tuan tl! va thu- tl).' topo sinh trong thu tuc se chinh Ill. thu' tJ!.' tuyen tfnh cho cac giao tac.
Thri' tJ!.' truoc sau cu a cac giao t ac diroc xac dinh qua cung cua do thi G, c~ th~ Ill.giao t.ac 1'; dtro'c
xem Ill. dirng trurrc giao tac Tj neu trong G c6 cung t.ir 1'; den Tj. Th ir tJ!.·nay Iuon xac dinh durrc
b6'i thu%t toan slip topo.

1.4, Muc dich bai bao

Trong [1] chi trlnh bay cac thu%t toan ki~m tra tfnh kha ,tuan tJ!.'cua m9t lich va chirng minh
r~ng mot lich l~p tren cac giao tac hai pha thl luon kha tuan tu, Do tinh phirc tap cu a viec I%p lich,
trong thuc ti~n, hau het cac h~ thong dieu khidri truy nhap dong thai deu yeu cau cac giao tac phai
diroc viet diro'i dang hai pha. M9t giao t ac dtro'c goi Ill. hai pha neu trong giao tac do moi thao tac
lay khca dtro'c d~t trtroc moi giao t ac gi<ii phong khoa. Muc dich cria bai bao Ia trmh bay mdt thu%t
toan cho phep xay dung lich bi~u khd tuan tl! ciia m9t t~p cac giao tac bat ky. ve thirc chat, thu%t
toan I%p lich trlnh bay trong bai nay t~p trung v ao viec duy trl bat bien "kh a tuan tu" cho lich bi~u
d9ng tu-c Ia lich bigu diro'c b5 sung d'an d'an tirng thao tac theo tien di? cua thu~t toano C~ th~ la,
m9t thao t ac cua mi?t giao tac nao d6 se diro'c dua vao Iich bi~u neu thao t ac d6 khOng lam mat tinh
kh a tuan tJ!.'cua lich bie'u.

2, N(n DUNG THU~T TO.AN LLBII

2,1. D~t van de

Cho T1, T2, •.. , Tn Ill. cac giao tac theo mo hlnh chi doc va doc-ghi. Yeu c'au d~t ra la thiet ke
mot thuit to an xay dung lich biiiu S kha tuan tJ!.·dii thirc hi~n dong thai cac giao t.ac tren ,

2.2. Tir t1t<Yng cda thuat toan

Thuat toan dircc xay dung tren ca s& duyet Ian hrct cac giao taco M~i I'an chon m9t thao t.ac
tll' giao t ac hien hanh M xem xet co thg b5 sung thao tac d6 vao lich S hien h anh hay khOng. Thao
tac dang xet c6 thi! b5 sung vao lich S hien hanh neu no khong til-0 thanh m9t chu trinh trong do th]
G dircc I~p theo thuat toan 1. Nhtr v~y di'eu quan trong Ill. t5 chii c m9t thu tuc hieu qua M kii!m
tra chu trinh trong cu a do thi G. Dieu nay trrang dircng voi vi~c t5 chirc sao cho c6 th~ ket lu%n
nhanh ch6ng xem Ii~u m9t thao tac nao do diro'c b5 sung vao S co lam mat tinh kH tu'an tl! cua
S t ai thai die'm nay hay khong. Di'eu quan trong thir hai Ia xac dinh h anh vi cua thu~t toan trong
trtro'ng ho'p thao tac dang xet khOng thg b5 sung vao lich hi~n hanh, Trtro'ng ho'p nay doi hoi mi?t
thu tuc su'a lich nhanh. Giao tac gay ra chu trinh se duoc dira ra khoi lich S va td: ve hang dci M
slip xep lai.

2.3, M(>t so quy 1t6'c

D~ ti~n trlnh bay, chung ta xet m9t so khai niern. Gi<i su- ta can I~p m9t lich kha tuan tl).·S cho
n giao tac T1, T2, ... , Tn trong mf hmh chi doc va doc+ghi.

D!nh nghia 1. Ta kf hi~u Si Ia trang thai cua lich S sau khi ket n ap i .thao tac theo tiell di? cua
thu~t toano
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Dinh nghia 2. Ma tr~n a~c tru:ng cua lich bie'u S Ill.ma tr~n vuong M cap n diroc kMi trt va c~p
nh~t tai m~i thai die'm heat d~mg cua thu~t toan nhtr sau.

Khai tri: M9i phan tti- cii a M dircc gan tri o.
M~i khi b5 sung mi?t thao tac vao Iich bie'u S ta xac dinh tr~t tV' trtrcc sau cac giao tac va gan

M(i, j) = 1 neu 'Ii dirng truxrc Tj,
M(i, j) = 0 trong cac trtrong hop con lai.

Ky hi~u Z Ill.mi?t dong (ci?t) cda ma tr~n M. Bie'u thi Z dtrci dang
Z = (Zl' Z2, ..• , zn),

trong d6 moi Zi chi c6 gia tri 0 ho~c 1.

Dinh Iy sau day cho thay y nghia cua ma tr~n d~c trrmg.

D~nh ly 1. Toi moi thiri aitm xay d![ng lich. S J ao thi ctia S 10.phi chu trinh khi va chi khi moi
ph an td' tren. au:r'rng ckeo chinh cda ma tr~n M bling O.

Chung minh
Dieu ki~n ad: Gia sti- M thoa man dieu ki~n M(i, j) = 0, i = 1, ... , n. Ta se chi ra Ill.do thi ciia

S Ill. phi chu trlnh. Th~t v~y, gia sti- do thi c6 chu trinh, khi d6 se ton tai hai giao tac k va Z tao
thanh chu trinh k > ... > Z > .. , > k [quan h~ x> Y c6 ngfr nghia Ill.giao tac x phai dung trrr&c giao
tac Y trong do thi cua S). Theo dinh nghia cua M se c6 M(k, k) = 1, di'eu nay trai vm gia thiet.
V~y do thi cd a S Ill.phi chu trlnh.

Dieu ki4n can: Gia sti- do thi cii a S Ill.phi chu trlnh, cluing ta phai chi ra cac phan tti- tren diro'ng
cheo chinh cua ma tr~n M bhg o. Dieu nay Ia hie'n nhien vi trong do thi khOng ton tai chu trinh
i> ... > i (Vi = 1, ... , n).

D!nh nghia 3. Cho hai danh sach c6 n phan tti- c6 gia tri 0 hoac 1 Ill. x = (Xl, X2, ••• , Xn) va
Y = (YI, Y2, ... , Yn). Phep ho-p nhat hai danh sach X va y, cho ket qua Ill.mi?t danh sach Z gom n phan
tti: Z = (Zl' Z2, ... , zn), trong d6 z; = Xi V Yi va v Ill.phep toan hi?i cii a dai so Bool. Chung ta dung ky
hieu Z = X V Y de' bie'u di~n phep ho'p nhat hai danh sach X va y.

Tir Dinh nghia 3, chung ta c6 khai niern pkep h(tP nhat n danh sdch. xl, x2, ... , z" nlur sau
xl V X2 V ... V z" = (xl V X2 ••• V Xn-l) V Xn.

Ngoai ra chung ta sti- dung mi?t s5 ky hieu sau:
Ar: t~p cac giao tac da d9C gia tri hi~n tai cila DVDL A.
Aw: giao tac da doc -ghi gia tr] hi~n tai cua DVDL A. 'fri Aw diro'c thay d5i sau m~i Ian thao

Mc T : W(A), dtro'c chap nhan xep vao lich S, ClJ.the' Aw se mang gia tri T.

2.4. 'I'huat toan lap lieh bi~u LLBII. ..
Vao: Mi?t q,p cac giao tac T = TI, T2, ••• , Tn.
Ra: Mi?t lich bie'u kha tuan tlJ.'S cua T.

Thu~t toan xay dung lich bie'u diro'c tien hanh theo cac bircc sau:

Buurc 1. Khai di?ng:
S Ia danh sach r~ng S = ().
MIa ma tr~n d~c trirng cap n X h, M(i,j) = 0 (Vi = 1, ... ,n, j = 1, ...n).
D5i v&i m~i DVDL A khci tri Ar = {} va gia tr] Aw = null. Chii y Ar Ill.m9t t~p trong khi d6

Aw la mi?t gia tri don.

Bu o» 2. Chon thao tac:
Lay thao t ac t dau tien con lai cua m9t giao tac T; bat kY. C6 cac kha nang sau:

(1) Neu t Ia thao tac R(A):
(1.1) Neu Aw = null holi-c Aw = T; thl thao tac diroc chap nhan.
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(1.2) Neu Aw = Tk va Tk :f T, e6 nghia Ia. T.: bil.t bUge phai di sau Tk trong do thi do'i, do d6
n6 phai di sau tat d. cae giao tae di triroc Tk va. thOng tin v'e cac giao tae d6 diro'c thg hien trong
e9t thrr k cua ma tr~ M. TInh z = c' V ck (vOi c' Ia. e9t thrr i cua M va ck 111.e9t thrr k cua M),
neu z; = 0 thl thao t ac diro c ehap nh~n va cac phan ttl· cua ei?t i diro'c thay boi cac gia tri tirong
ling cti a z' t ao tir z theo nguyen tie sau:

, 1·"· kZj = vcn J = ,

z; = zJ voi J :f k,

dong then eho AT" = AT" U {T.:}. Trong tru'cng hop ngiro'c lai toan bi? cac thao tae ctia T; [hoac Tk)

da. xep trong 8 se phai duo'c huy bo M khci di?ng lai va cac phan tti: tren hang va C9t i (ho~c k) cua
M dtro'c gan b~ng O.

(2) Neu t la thao t ac W(A):
(2.1) Neu t~p AT" U {Aw} = { } thl t diroc chap nhan.

(2.2) Nguo'c lai, voi m~i C9t ck1, ck2 , ... , ckh trng vci cac giao t ac thuoc t~p AT" U {Aw} ma kh ac
vo'i Ti, tinh Z = ck1 V ck2 v ... V Ckh V ci. Neu z; = 0 thl thao t.ac dircc chap nh an va cac phan ttl.' cua
C9t ci duo'c thay bo'i ;ac gia tri ttro'ng irng cu a z' duo'c t ao tir Z theo nguyen tic:

z;. = 1vo'i J la mi?t trong cac gia tri k1' k2' ... , kh'

z;. = Zj trong cac trtro'ng hop eon lai,

dong tho-i gan Aw = T.: va AT" = {}. Trong trtrcng hop ngtro'c lai toan bi? cac thao t ac cu a giao tae
1'; (ho~e nhfrng thao t ac trong cac giao t ac Tk" Tk2, ... , Tkh ma lam eho z, = 1) da. xep trong 8 se
phai diro'c huy bo d~ kho i d9ng lai va cac phan ttl' tren hang va e9t ctia ma tr~n M tucng irng voi
giao tac nay dtro'c gan ve O.

Bu'6'c S. Tiep tuc:
L~p lai bu'o'c 2 cho tOi khi to an bi? cac thao t.ac da. diroc xep.

Bu6'c 4. Ket thuc:
Danh sach thU' tl:l' thu'c hien cu a 8 chinh la lich bi€u kha tuan tu,

Theo thu~t tcan & biro'c 2, neu giao t ac T; diroc huy bo va bit dau Iai , co kha nang thu~t toan
se khong ket thuc, D€ tr anh tnro'ng ho'p nay, chung ta c6 th€ dan xep viec lu a chon thao thac dau
tien cu a mot trong cac giao t ac theo nguyen tic nao d6 nhtr 111.chi bit dau lai giao t ac da. bi huy bo
khi cac giao tac ma tru'c tiep lam cho n6 bi huy bo da. ket thiic ho~c theo nguyen tic se 10,!-ibo hh
thao t ac sau khi cho phep n6 kho'i di?ng lai mi?t so Ian nhat dinh. Neu kh6ng huy bo T; rna huy bo
nhirng thao t ac khac c6 lien quan den kh a nang lam mat tinh kha tuan tl;l' cu a 8 thl thuat toan se
luon ket th uc. Trong tru'cng ho'p giao t ac T; c6 nhieu dung di? dfr lieu vo i cac giao t ac kh ac thr hra
chon nay se khong tot vi c6 nhieu giao tac phai huy bo trong khi d6 chi can huy bo 1';.

Tfnh dung dh cti a thu~t toan tren ducc chi ra bo-i menh de sau:

M~nh de 1. Thuqt totiti LLBII Id aung arf.n, nghia Id luon lqp iluo:c mot lich. bie'u 8 khd tuo.n t'/f tit
cac giao ttic T1, T2, ... , Tn (v6i n ~ 1).
Chu'ng minh. Khi thu~t toan ket thiic, 1'0 rang la cac phan ttr tren diro'ng cheo chinh cii a ma tr~n
M deu bhg 0 (M(i, i) = 0 Vi = 1, ... , n). Theo Dinh Iy 1, neu M 111.ma tr~n d~c trirng cua 8 ta
c6 th€ suy ra 8 la kH tuan tu. Ta se clurng minh rhg, khi thu~t toan ket thuc, ma tr~n M dung
la ma tr~n d~c trung cila lich bi€u 8 thu duo'c. Muon v~y ta can chi ra r~ng khi lich bi€u chuygn
tlr tr ang thai 8x sang trang thai 8x+1 thidir li~u trong ma tr~n M diro'c c~p nh~t lai theo burrc 2
la dung. Th uc v~y, khi thao t ac t diroc chap nh an dtra vao lich, neu roi. vao tru'ong hop (1.1) thl
trong do thi cu a 8x+1, T; khong bit bui?c pHi di sau bat cu' giao tac nilO, do v~y tr~ng thai ctla M
khong thay d5i khi b5 sung them thao tac nay. Trong tru'o-ng hq'p (1.2), do DVDL A du'q'c ghi bO'i
Tk nao d6, dQ v~y Tk pHi dU'ng tmac Ti trong do thi da 8x+1, dU'ong nhien nhu'ng giao tac dlTng
tru'6'c Tk trong do thi cling se dU'ng trU'ac Ti. Con trong tru'o-ng hq'p (2.1)' do chu'a c6 giao tac n;w
tac di?ng len DVDL A nen khong c6 dl.llg bui?c them ve vi~c Tk bit bui?c di sau giao tac nao, do v~y
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ma tr~n M khOng thay d5i khi b5 sung thao tac nay. Trong trtrong hep (2.2)' do thao tac cda T.:
ghi vao DVD L A da. dtroc doc hay doc-ghi b6i m9t s5 giao tac nao d6 khac T.:, nen T.: bU9C phai di
sau cac giao tac nay va d. nhirng giao tac di trtro'c cac giao tac nay. Nhir v~y each lam o' biroc 2 d€
t ao ra gia tr] m6'i cho ma tr~n M khi b5 sung thao tac t la dung d~n. 0

Chung ta xet vi du sau:

V{ dlf. Gia su: cac giao tac T1, Tz, T3, T4 nhir sau:
r, :R(A), R(C); Tz : R(A), R(B); T3: W(A), W(B); T4: R(B), W(A).
Chung ta c6 th€ hra chon thao t ac dau tien cii a cac giao tac theo phirong ph ap Ian hrot tir

T1, Tz, T3, T4, T1 ... Cac biro'c thirc hi~n diro'c th€ hi~n trong bang 1.

BdnqL: Gia tri cua ma tr~n M diro'c xay dung theo cac btroc

TT Chon thao S M T~p d9C T~p ghi
tac (Xr) (Xw)

0 0 0 0 0 A: . A:
0 0 0 0
0 0 0 0 B: B:
0 0 0 0

1 r, :R(A) r, :R(A) Khong d5i A: Tl KhOng d5i
B:

2 Tz : R(A) t, :R(A); Tz : R(A) KhOng d5i A: T1, Tz KhOng d5i
B:

3 T3 : W(A) i, :R(A); Tz : R(A) 0 0 1 0 A: A: T3
T3 : W(A) 0 0 1 0 B: B:

0 0 0 0
0 0 0 0

4 T4 : R(B) t: :R(A); Tz : R(A) Khong d5i A: KhOng d5i
T3 : W(A); T4 : R(B) B: {T4}

5 r, :W(B) Tl : R(A); Tz : R(A) 0 0 1 0 A: A: T3
T3 : W(A); T4 : R(B) 0 0 1 0 B: B: r,
r, :W(B) 0 0 0 0

1 0 0 0

6 Tz : R(B) Tl : R(A); Tz : R(A) 0 '1 1 0 A: KhOng d5i
T3 : W(A); T4 : R(B) 0 0 1 0 B: Tz
t: :W(B); Tz : R(B) 0 0 0 0

1 1 0 0

7 T3 : W(B) r, :R(A); Tz : R(A) 0 1 1 0 A: A: T3
T3 : W(A); T4 : R(B) 0 0 1 0 B: B: T3
t: :W(B); Tz : R(B) 0 0 0 0

T3 : W(B) 1 1 1 0

8 T4 : W(A) i. :R(A); Tz : R(A) 0 1 1 0 A: A: T3
T3 : W(A), r, :W(B) 0 0 1 0 B: B: T3
Tz : R(B); T3 : W(B) 0 0 0 0

T4 bi loai bo vi xung 0 0 0 0
d9t v6'i T3
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9 T4 : R(B) r, :R(A)j T2 : R(A) 0 1 1 0 A: KhOng d5i
T3 : W(A)j r, :W(B) 0 0 1 0 B: {T4}
T2 : R(B)j T3 : W(B) 0 0 0 1
T4 : R(B) 0 0 0 0

10 T4 : W(A) r, :R(A)j T2 : R(A) 0 1 1 0 A: T4
T3 : W(A)j r, :W(B) 0 0 1 0 B: T3
T2 : R(B)j T3 : W(B) 0 0 0 1
T4 : R(B)j T4 : W(A) 0 0 0 0

Khi lich bie'u 6- trang thai 87, thao tac T4 : W(A) dircc xet. Vi Aw = T3 va Ar = { } nen T4
phai dirng sau T3 do d6 z = c4 V c3 = (1, 1, 0, 1) va nhir v~y giao tac T4 din phai diro'c huy bo va
bJ{t dau lai, Tie'p tuc qua trlnh theo thu~t toan, lich bie'u 8 thu diro'c nhir sau:

{T1 : R(A)j T2 : R(A)j T3 : W(A)j t, :W(B); T2 : R(B); T3 : W(B); T4 : R(B); T4 : W(A)}

4. DA.NH GIA. DQ PHUC T~P CDA THU~T TOA.N

M~nh de 2. Trong tru:irng ho p xau nhat thu4t toan LLBII iloi hdi thiri gian a.k.ri", Trong il6 k ld
t5ng so cac thao ide ctia cac giao tdc tham gia xep lich. va a la so Ian toi ila h4 thong cho pUp mqt
giao uic ilu:crc khrfi ilqng llfi (gia tri ciia a la tuy chon},

ChUng minh. De' danh gia d9 phii'c t<;LPcua thu~t roan (ky hieu la DPT), cluing ta xem xet d9 phirc
t ap cua thu~t toan & butrc 2 (ky hi~u la DPTb2). Xet hai trrroug hop nhir sau:

Tru·lr.ng ho p 1: Thao tac din xet dira vao lich bie'u la thao tac T; : R(A). Khi d6 ne'u Aw = null
thi khong phai lam gi. Ne'u Aw = Ti, phai tfnh z = ci V ci, do v~y,DPTb2 = O(n).

Tru:irng hq-p 2: Thao tac din xet dtra vao lich bie'u la thao tac 1'; : R(A). Trong truo'ng hop
xau nhat t~p Ar U {Aw} c6 n - 1 giao tac con lai va cluing ta phai tfnh z = c1 V c2 v ... V c"', do v~y
DPTb2 = O(n2).

NhU' v~y trong trtrong hop xau nhat DPT = a.k.n/', Trong d6 k = L:hi veri i = 1, ... , n, a la s5
t5i da h~ th5ng cho phep giao t ac diro'c khoi d9ng lai,

Gia tri cua a la tuy chon. Vi~c hra chon a phu thuoc vao mire d9 yeu diu ve thai gian xe'p lich,
so giao tac dmg xay ra dong thai trung bmh va kha nang dung de?dir li~u ctia cac giao tac. Trong
trtro'ng hop c6 cac giao tac nao d6 da. khoi d9ng lai a 11inma vh chira xe'p duo'c, thu~t toan c6 the'
xe'p 11inhrot cac giao tac d6 vao phiacudi cua lich 8.

Nh~n xet: Qua danh gia d9 phirc t<;LPtinh toan, cluing ta nhan thay thu~t toan do'n gian, doi hoi
ve be?nho khong IOn [ngoai trir cac vung de' IU'u giir cac giao tac va lich bie'u diro'c l~p c1in phai slY
dung them s5 hrong b9 nho' nhir sau: ne'u n la s5 1byte, d5i veri m6i don vi dfr li~u c1in n byte cho
Ar va 1 byte cho Aw. De' IU'u giir ma tr~n M c1in n x n byte). D9 phirc tap tinh tcan phu thuoc
b~c 2 vao so cac giao tac va b~c nhat vao t5ng so cac thao tac cua cac giao taco Thuat roan se heat
de?ng tot trong trtro'ng hop cac thao tac d9C dir li~u chidrn iru the'.
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