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PHAN MANH VA CAP PHAT DU LIEU

TRONG CO SO DU LIEU HUONG POI TUQNG PHAN TAN
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TOM TAT

Trong thiét ké phan tan, phan manh va cip phat 1a mot van dé quan trong. Co s& dit lidu hudng ddi
tuong phan tan khi thiét ké con phat sinh thém mot sd van dé phuc tap khic. Cac van dé phirc tap
nay bat ngudn tir cac ddc diém ciia moé hinh huéng ddi tuong, d6 1a tinh dong goi, ké thira, su phan
cap 16p, su c6 mat cua cac thude tinh va phuong thire phire hop. Bai bao nay trinh bay vé thuat
toan cap phat 16p trong co s& dit lidu huéng dbi tuong phan tan.

Tir khoa: phdn tin, co sé dir liéu hudng doi twong phan tan, phin manh, cap phat dir liéu

DAT VAN DE

Sy phat trién cua cic ung dung dir liéu
chuyén sau da vuot qua kha nang xtra ly cta
hé théng quan tri co s dit liéu quan hé. C6
thé 1iét ké mot s linh vuc chuyén moén sau
cia co s60 dit litu nhue Multimedia,
CAD/CAM va cac hé thong tai chinh phirc
tap. Cac han ché cua co so dir lidu quan h¢ da
thiic ddy su phat trién ciia hé thong co so dir
lisu huéng dbi twong (OODBS — Object
Oriented Database System). OODBS duoc
xdy dung dua trén mo hinh co s¢ dir li€u
huéng dbi twong (OODB), mdi ddi twong
duoc luu trir khong chi dir liéu ma con thao
tac trén chung. Cac nghién ciru cho thiy
OODB s& tiép tuc phat trién va cung cip cac
kha ning ndi troi trong viée xir ly dir lidu
phuc tap.

Dé dap g nhu ciu ciia doanh nghiép 16n voi
su phan bd nhiéu tram & cac vi tri dia ly khac
nhau, OODB duoc phat trién trén moi truong
mang tao thanh mo hinh co sé& dir liéu hudng
dbi tuong phan tan (DOODB — Distributed
Object Oriented Database System).

Co s6 dit liéu phan tan can c6 phuong an thiét
ké t&t nham cai thién hiéu ning cia hé thong.
Hai van dé trong thiét ké trong co so dfr ligu
phan tan la phin manh (fragment) va cp phat
(allocation). Véi cac dac dlem cua OODB
nhu dong goi, ké thira, phan cip thi cac ki
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thuat phan manh va cap phat s& gap kho khin
hon nhidu. Bai toan cip phat dit liéu da dugc
ching minh 13 bai toan NP day du, trong
nghién ctru nay toi dé cap téi mot thuat toan
cap phat 16p trong OODB.

CAC NGHIEN CUU LIEN QUAN

Phan manh dugc chia lam 3 loai: phan manh
ngang, phan manh doc va phan manh hdn
hop. Phan manh doc nhdm chia mét quan hé¢
thanh tap cac quan hé nho hon, phan manh
ngang nhim chia cac b dir lidu thanh cac
quan hé, phan manh hén hop 1a két hop ca
phan manh ngang va phan manh doc. Phan
manh trong co s& dir liéu quan hé da duogc dé
cap trong rat nhidu nghién ctru, va ciing c6
nhiéu cong trinh lién quan dén cap phat trong
co so dir liéu [4], [8], [9]-

Trong OODB, muc tiéu ciia phan manh doc la
chia cac 16p thanh cac 16p nho hon, con phan
manh ngang 14 chia bd cac dbi twong ciia 16p
thanh céc manh. D li€u trong OODB bao
gdm cac d6i twong duoc dong goi, mdi doi
turong bao gdm céc thudc tinh va cac phuong
thire. Céc ddi tuong dugc tao ra tir cac 16p.
Mot 16p trong quan h¢ thir ty dugc biéu dién
boi C = (K, A, M, ]) trong d6 K 1a tap cac
dinh danh, A 1a tap cac thudc tinh, M 1la tap
cac phuong thire, 11a tip cac ddi tugng dugc
dinh nghia bdi A va M. Phan manh doc ctia C
la Cv ={K, A’, M’, 1} trong d6 A’C A,
M’C M. Phan manh ngang cta C la Ch={K,
A, M, I'} trong d6 I © I. Mot s6 nghién ciru
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da thyc hién véi viéc phan manh trong OODB
[3], [7], [11], Cép phat 1& dinh vi cic manh f;
vao cédc tram sj cia mang truyén thong. Cac
nghién ciru tap trung tim ra cac thuat toan cip
phat nham giam chi phi. Chi c6 mot s rat it
cac nghién ciru dé cap dén vin dé cap phat
cac thudc tinh va cac phuog thic. Trong [6]
K. Barker and S. Bhar da dua ra cac khai
niém co ban dé thiét 1ap cho bai toan cap phat
16p, trong d6 cac tac gid ciing dé nghi mot
hudng tiép can do thi dé giai quyét bai toan.
Trong [1] va [10] dé cap dén thudt toan di
truyén dé chon ra phuong 4n cp phat gin t01
wu. Cac giai thudt heuristic cho bai toan cap
phat 16p trong OODB dugc dé cap trong [2], [5]
BAI TOAN CAP PHAT LGP

M0 ta bai toan

Trong giai doan cip phat, cac manh 16p dugc
dinh vi vao cac tram trong mang lién két, bai
toan dt ra 1a im mot phuwong an cap phat tbi
wu. Phuong 4n nay véi tiéu chi 1a chi phi cip
phat 1a nho nhat. Chi phi cip phat 13 tong cac
chi phi thanh phan: chi phi luu trir dit liéu, chi
phi xir Iy van tin, chi phi dé truyén dir liéu
gitta cac tram.

Céac thong tin can thiét dé thiét lap cong thl'rc
tinh chi phi cép phat bao gom: thong t1n vé dir
lidu, cac truy van, thong tin mang gém cac
tram, kha nang luu trif cia tirng tram va hiéu
ning hoat dong ctia mdi tram

Mo hinh dugc thiét 1ap nhu sau:

- Mang két nbi gdbm m tram S= {S1, Sz, ... sm}

- Tép cac manh F= {fl, fa, ... fu}, gla thiét sb
lwong cac manh nhiéu hon sb tram rat nhiéu.

- Téap cac truy van Q = {qu, Gz, ... qn}

Muc tiéu cua bai toan la xac dinh anh xa tir F
vao S sao cho tong chi phi 1a nhé nhat.

Théng tin vé dir liéu

Dé don gian, tat ca cac thudc tinh va phuong
thirc cia tat ca cac 16p dugc danh so va chi
mang mot chi s6. Ma tran st dung thudc tnhs
cua cac phuong thirc MAU (Method Attribute
Usage) biéu dieén viéc st dung cac thude tinh
boi cac phuong thitc. Trong ma tran MAU,
cac hang thé hién cac phuong thirc, cac cot
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thé hién cac thudc tinh, gia tri 1 chi ra phuong
thire truy cap thudc tinh twong ung, ngugc lai
12 0. Bang 1 1a mot vi du vé MAU.
Bang 1. Ma trgn MAU
a az as a4
mz 1 0 1 0
my 0 1 0 0
ms 0 0 0 1
Ma tran sir dung phuong thirc cta cac phuong
thitc MMU (Method Method Usage) biéu
dién viéc sir dung cac phuong thirc bdi cac
phuong thuc khac. Trong ma tran MMU, céc
hang va cac cot bao gdbm cac phuong thire, gia
tri 1 chi ra phuong thttic truy cép céac thude
tinh twong Gng, nguoc lai 1a 0. Bang 2 1a mét
vi du vé MMU.
Bang 2. Ma trgn MMU

~lolo|®

mz ma ms
ma 1 0 1
my 0 1 0
mg O 0 0
Kich thuéc cac manh 16p fi:

Size (fi) = card(f;) * length (f;)
Trong d6 card(f)) 1a s6 phan tir ciia cic manh f;,
length(f;) 1a s6 byte cua cac thudc tinh trong
ménh f; Bang 3 1a vi du vé kich thuc manh.
Bang 3. Mdng Size (F)
Fragment fi f, fa fs
Size 300 550 400 100

Théng tin vé truy van cia nguoi ding

Khi déng goi cac dbi twong, cac Gng dung chi
truy cap dugc cac manh dbi trong thong qua
cac phuong thirc, acc(q, mi) 1a tan suét truy
cép vao phuong thirc m; cia cdu truy vén g,
Vi du duoc thé hién qua bang 4.

Bing 4. Ma trin OMF
Query/Method m m; mg

01 3 5 1
02 4 0 2
g3 4 1 0

Ma tran QSF biéu dién tan suét thuc hién cac
truy vén tai cac tram.
Bang 5. Ma tran OSF

Query/Site S1 S S3
O 2 1 0
02 1 0 3
gs 0 3 1
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Thong tin cac tram
Moi tram c6 dung lugng luu trit nhu sau:
Bang 6. Dung luong trén cac tram
Site S1 S2 S3
Dung lugng 1000 1700 600
Diéu kién dit ra 1a tong kich thude cac manh
luu trir trén moi tram khong dwoc vuot qua
dung luong cua tram do
Théng tin vé mang
Ma tran chi phi giao tiép giita cac tram 1a n*n,
mdi phan tir 1a chi phi giao tiép giita 2 tram,
Bang 7 13 vi du v& ma tran chi phi giao tiép
Bang 7. Ma trdn lién két tram SSCy

Site S1 S2  S3
S1 0 5 10
S2 5 0 3
S3 10 3 0

Ap dung thuat toan tim duong di nho nhat
giita 2 dinh bat ki dé dwa vé ma tran chi phi
giao tiép SSC, vi du ma tran trong bang 7 dua
vé két qua ma tran SSC trong bang 8.

Bang 8. Ma tran SSC

Site S1 S Ss
S1 0 5 8
Sy 5 0 3
S3 8 3 0

Xay dung ham chi phi cip phat

Sir dung mét s6 ham

- Par(m) tra vé tap cac tham sé dugc phan
tich ra khi phuong thitc mjduoc goi.

- res(m;) 1 dir liéu tra vé khi phuong thirc m;
duoc goi.

- MIS(qk) la tap cac phuong thirc ma truy van
gk tham chiéu t6i.

- MMR(m;) la tap cac phuong thirc dugc tham
chiéu boi m;.

Tinh chi phi tham chiéu

Chi phi giao tiép v& mat dix liéu gitra cac
manh IFDC (Interfragment data
communication) dugc thiét 1ap nhu sau, trudc
hét 1a gitra phuong thirc m; véi thudc tinh ax

IFDC(m,,a,) = > acc(q;,m)*MAU (m,,a, ) *size(a, )
ilg;Q

Trong d6 acc(qi, mj) la tin suat truy cap
phuong thac my cia truy van q; size(a) la
kich thuwéc caa thudc tinh ax Nhu vay, tinh
cho toan b céc thugc tinh ax thugc manh fj
nhan dugc chi phi giao dich gitra manh va

phuong thirc IFC
communication).
IFC(m,, f;)= D> IFDC(m,,a,)
Klaje f;
IFDC(m;,m,) = > (I, +1,)*acc(q;,m)* MMU (m,,m, )
ila; EQ
Trong do, I la tong tat ca kich thudce cac tham
s0 trong phuong thire my, 12 1a téng tat ca kich
thude cac két qua tra vé ctia phuong thirc my
I, = Dlsize(p;) |, =size(res(m,))
i| pjepar(m)
Thiét lap chi phi tham chiéu giita manh f; va f
duoc xac dinh boi:
FFR(f, )= > (IFC(m,, f)+ > IFDC(m;,m,))

IImef; KIm, & f; Am, sMMR(m; )
Trong d6, m la cdc phuong thire thuge fj va
Mk 1a cac phuong thirc my tham chicu dén.
Nhu vay, co6 thé thiét 1ap mot ma tran tham
chiéu gitta cac manh FFR, vi du vé mdt ma
tran tham chiéu manh nhu bang 9.

Bang 9. Ma trgn FFR

(Interfragment

Fragment F1 F, F3 R4
Fy 2 1 0 5
F2 4 0 0 1
Fs 3 1 0 O
Fq 0 2 3 O

Tham chiéu giita manh va truy van (mg dung
xac dinh bﬁng ham QFR (Query Fragment
Reference).

QFR(qk'fi): Z(Al +A2)*aCC(Qk'm|)

I|m, e f; Am; eMIS(qy )
Trong do A; la tong tit ca kich thude cac
tham sb trong phuong thire my, Az 1a tong tat
ca kich thude cac két qua tra vé ciia phuong
thirc my

A= Ysize(p))

jlpjepar(m)

A, =size(res(m,))

Nhu vay, co thé thiét 12p mét ma trdn tham
chiéu gifta cac truy van va manh QFR, vi du
vé moOt ma trn QFR nhu bang 10.

Bing 10. Ma trdn OFR

Query/Fragment f; fa fs fs
Qs 2 1 0 5
02 0 0 2 1
Qs 3 1 0 0

Xdc dinh phwong dn cdp phdt
Két hop ma tran QFR va ma tran QSF dé tinh
tham chiéu gitra manh va tram.
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Bang 11. Ma tran SFRo

S Q QSF fi o f3 1
@ 2 2 1 0 5
s1 g 1 0 0 2 1
0 3 1 0 0
@ 0 2 1 0 5
S @ 1 0 0 2 1
3 3 1 0 0
@ 0 2 1 0 5
S8 g 3 0 0 2 1
@ 1 3 1 0 0

Lay tan suat nhan voi sd truy cap tuong tng
ta xay dung duoc ma tran SFR biéu dién su
tham chiéu giira manh va tram nhu sau:
Bang 12. Ma tragn SFR
Site/Fragment f1 f, f3 £

S1 4 2 2 11
S2 11 3 0 5
S3 3 1 6 3

Thuc hién nhan ma trdn SFR v6i ma tran
FFR, tiép tuc nhan véi ma tran SSC, két qua
la ma tran SFC biéu dién chi phi khi cép phat
cac manh tai cac tram.

SFR: = SFR*FFR

SFC = SFR1*SSC
Vi dir liéu cua SFR va FFR trong bang 12 va
bang 9 c6 két qua ma tran SFRy nhur sau:

Hinh 13. Ma trdn SFR,
Site/Fragment i K f3 4

S1 22 28 33 22
S2 38 21 15 59
S3 28 15 9 16

Két hop nhan dir liéu SFC trong bang 8 véi
SFRI c6 ma tran SFC nhu sau:
Bang 14. Ma trdn SFC
Site/Fragment f1 f fs fs

S1 414 225 147 423
S2 194 185 192 158
S3 290 278 309 353

Tai moi cdt ciia ma tran SFC, tim gia tri 1on
nhit, gia s gia tri 1on nhéat 1a SFC(i,j) thi
manh f; dugc cip phat tai tram Si. Néu kich
thudc ctia manh vuot qua dung lugng con lai
ctia tram thi tim tram tuong tng v6i phan tir
c6 gia tri 16n tiép theo trong cot.

Néu c6 2 phan tir trong ¢t cing co gia tri 1on
nhét thi xay dung thém thuat toan tinh do wu
tién dé chon, chéng han don gidan chon tram
c6 dung lugng 16n hon.
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Véi vi du vé ma tran SFC nhu trong bang 14,
ta xdy dung phuong an cip phét nhu sau:
- Trong cot fi gia tri 16n nhat twong tmg véi
hang s1,Vi vay fi chon cip phat tai tram s;
- Tuong tu f, dugc chon cap phat tai tram s,
- f3 duwoc chon cép phat tai tram sz nhung nhu
vay s€ qua dung luong Sa.
Gia tri 16n thu 2 trong cdt f3 twong ung voéi
hang s,, vay f3 dugc chon cép phat tai tram s
- f4duoc chon cap phat tai tram s;
Phuong 4n lya chon nhu trong bang 15.
Bang 15. Ma trdn SFA

Fragment f1 fa f 4

Site St S8 S S1
THUAT TOAN CAP PHAT LOP

Thuat toan chia thanh cac budc nhu sau:

Xac dinh ma tran chi phi gitta cac tram
Pau vdo: Ma tran chi phi SSCo
Pau ra: Ma tran chi phi duoc tdi thiéu SSC
Thudt toan: Tim dudng di ngin nhat giita 2
dinh trong d6 thi
Xdy dung ma trin tham chiéu giira cic
manh va truy van
Pau vio: Cac ma trin MAU, MMR, QMF,
res(my), res(my), MIS(gk), MMR(my)
Pau ra: Ma tran FFR, QFR
Thuadt todn.
/I Tinh IFDC (my, ax)
Fori=1to x do//method
Forj=1to y do// attribute
Fork=1to h do// query
IFDC1 [i, j] + = OMF [k i]
“"MMU [i, j] “size(ax)
/I Tinh IFC (m;, fj)
For i=1to x do //method
For j = 1 to n do //fragment
For (ax e )
IFCTi,j] + =IFDC1Ti,j]:
/ Tinh  IFDC (m;, my):
For i = 1 to x do //method
Forj = 1to h do //query

{
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For (p1 € par (my))
11 + = size (p1);
12 = size (res (mk))
IFDC i, j] +=(1+12) "QMF [k, i]
*MMU [i, j]
{
/I Tinh FFR (fi , f;)
For i =1 to n do // fragment
Forj =1 to n do // fragment
{
FFR[i,j] +=IFCI1,]]
For (klmk € f; & mx € MMR (m;))
FFR[i,j] +=IFDC[1,K]

}
/Il Tinh QFR (q«, fi)
For k = 1 to h do // query
Forl =1 ton do //fragment
{
For (1lmi € fi &mi € MIS (q))
{
For (ps € par (mi))
Al +=size (p1);
A2 = size (res (my))
QFR{i,j} += (Al + A2)"QMF{ k
1}

}
Xic dinh chi phi cip phat
Pau vao: Céc ma tran QSF, FFR, OFR, SFR
Pau ra: Ma trgn SFC
Thudt toan:
[* Xay dung ham nhan 2 ma tran: Ma trdn A
kich tl}u('wc m’h, ma trin B kich thude h™n, ma
tran két qua C kich thugc h'n */
Nhén ma tran (A, B)
for i=1to mdo

for j = 1ton do

{
Cli.jl1=0;

fork =1tondo
Cli,j1=C[i, il + Ali, K1 "Bk, I ;
end k;
¥
end j;

end i;
return C:
end NhanMaTran;
I" Goi ham nhan ma trdn’ aé ’thu’c hién nhan
ma tran SFR vo"l: FFR, Zd){ ket qua nhdn voi
ma trgn SSC, ket qua cuoi cung la ma tran
SFC */
SFR 1 = Nhdn MaTran (SFR, FFR);
SFC = Nhan MaTrdn (SFRI, SSC);
Tim phwong an cip phat
Pau vao: SFC, Size(F), Capacity(S)
Pau ra: Phuong an cap phat
Thudt toan:
Tim gia tri lon nhat trong cz:lc cOt cua ma tran
SFC, xac dinh guqc tram c,ép phat twong ing
cho manh. Pi¢u chinh néu vuot qua dung
lugng yz‘l st dung do uu ti€n néu cd 2 gia tri
16n nhat tai mot cot.
forj= 1 to n do

{
for i =1t0o m do
//Tim i dé SFC(i, j) dat gid tri [6m nhdt
If (ton tai nhiéu gid tri i)
Chon i ma s1co dung luong
lon
if (Capacity (s;) > size (f)))
{ r
Cap phat f; tai tram Si;
Capacity (s1) = size (f}))
}
}
DANH GIA VA KET LUAN

Khi mot manh f; duoc cép phat tai tram Sk khi
¢6 chi phi cap nhat 1 cao nhat va nhu vy chi
phi giao tiép 1a bé nhat. Piu nay ciing da
duogc chung minh trong [7].
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Véi phuong an cip phat dé& xuit mdi manh
chi duoc cép phat tai mot tram, nghia la
khong xay ra truong hgp phai sao chép mot
manh va dat tai cac tram khac nhau.

Trong thuat toan cac phép tinh dé xac dinh do
phuc tap chinh 1a phép tinh nhan hai ma trén.
Nhu vay thuat toan c6 do phuc tap 1a O(h™n?),
trong d6 h 1a s6 cac tram va n 14 s6 cac manh,
Do phirc tap nay 1a ¢ thé chap nhan duoc.
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The two most important matters in distributed design are fragmentation and allocation. And the
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