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LAP LICH TOI UU TRONG CO SO DU LIEU SONG SONG

NGUYEN XUAN HUY, NGUYEN MAU HAN

Abstract. Parallel execution offers a solution to the problem of reducing the response time queries against
large database. As receiving a SQL query, the parallel DBMS first find a procedural plan to execute the
query that delivers the query result in minimal time. There is two phase to execute the plan: the first phase
applies the tactic of minimizing total work while the second applies the tactic of partitioning work among
processors. More specialists in computer science are now researching the otimization schedule on parallel
database problems to divide effectively the work into the processors. The paper suggests an optimization
pipelined parallelism schedule algorithm in which communication cost among nodes of operator tree will be
take care. Waqgar Hasan has solved the same problem in non-communication cost case in 1995.

Tém tdt. Xi 1y song song cho phép gidm thi€u thoi gian hdi dép cda ciu truy vin trén cic co sd dit lidu
(CSDL) 1én. Khi nhin mdt ciu truy vin SQL gdi dén, hé quin tri CSDL trwéc tién sé tim phwong 4n thi
hanh t8i1 wu dé& thoi gian trd 11 truy vAn 13 nhd nh&t. Phudng 4n nay phii trdi qua hai giai doan chinh:
giai doan lam cuc ti€u kh3i lwong céng viéc va giai doan phan b8 cdng viée cho cic bs xi Ij. Bai toin lap
lich t8i uwu dé phan chia céng viéc mot cach hop ly cho céc bd xi Iy 1a mdt bai todn dwoce nhidu nha tin hoc
quan tdm. Bai bdo nay dé xuft mot thudt todn lap lich song song dang 8ng (pipelined parallelism schedule)
cé tinh dén chi phi truyén théng gitra cac tram. Truwdng hop khéng tinh dén chi phi truyén théng da duoc
Hasan gidi quyé&t nim 1995 [5].

1. GIOT THIEU

T&8i wu héa truy van 13 mot dé tai dwoc nhiéu ngudi quan tam khi bit diu phat tri€n cic hé
quan tri CSDL. Hiéu qud va tinh kha thi cda viéc t8 chirc khai thic CSDL trén mdi trudmg da xi
1y da thu hit sw quan tim nghién cfru cda nhiéu nha tin hoc. Mot yéu t8 din dén su thanh cong
cda cdc hé quén tri CSDL da xt& 1y ndy 13 tinh hi€u qud cda bd t81 wu héa. Truéc khi trd 1&1 mot
ciu truy van, bd t8i uvu héa ti€n hanh hai giai doan [2]:

- Gvar doan JOQR (Join Ordering and Query Rewriting). Muc dich chinh cda giai doan nay 1a
x3y dung cic chién lwoc d€ thuc hién cic phép ndi cé hidu quid nhim gidm thi€u khdi lwgng cbéng
viéc. Céc chién lugc t8i wu da lua chon dwoc thé hién qua ciy truy van cé chi gidi (annotated query
tree).

- Guai doan song song héa (Parallelization). Cay truy van cé chi gidi dwoc bién d8i d€ dwa ra
mét phuong an thi hanh song song. Muc dich chinh cda giai doan nay 13 hinh thanh lich truy vdn
t61 wu dé phan chia céng viéc mét cich hop 1y cho céc b vi xit Iy.

Cé6 thé mé td qud trinh t5i wu héa ciu héi trong CSDL song song nhu sau:

JOQR SONG SONG HOA
, Sip xép
Cau truy th tu phép Cay truy van Trich Bo Phwong 4n thi
van SQL két néi c6 chi gidi ciy Ciy todn t& | Lich hanh song song
ot s & —p- | | todn — | TUY N
Biéu dién t van
lai truy van
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Bai bdo nay, tap trung vao bai todn 1ap lich cho ciy todn ti dang éng (pipelined operator tree),
nghia 13 mét s6 todn td cda cay c6 thé thuc hién dong thoi, dir liéu sdn xuit ra cda todn ti niy
c6 thé 1a dir liu tiéu thu cda todn tir kia. Lap lich cho ciy todn ti nhw thé 13 mot bii todn phirc
tap. Chiing ta sé dwa bai todn vé dang don gidn hon, c6 dd phic tap da thic, bing cic phép xba
canh va gdp céc niit d€ chuyén ciy todn ti phirc tap thanh ciy toin t& don diéu. Cudi cling sé tim
mdt phin hoach lién théng t8i wu cho cic nit cda ciy todn ti dé chuyén cic ciy con vio cic bd xir
ly twong dng. Truéc tién, ching ta sé xdy dung thuit todn trong trudng hop cdc canh cda ciy cé
trong s8 bing 0, nghia 1 chi phi truyén thong gifra cic ntt khong tinh dén [5]. Sau dé ching ta sé
xét bai todn trong trudong hop cb tinh dén chi phi truyén théng dé tim ki€m 1&i gidi t3i wu cho bai
toan 1ap lich.

2. MOT SO PINH NGHIA VA KHAI NIEM LIEN QUAN

Dinh nghia 2.1.

e Cdy truy vdn chi gidi (annotated query tree) 1a cdy truy van cho biét th& tw thuc hién mdi phép
todn va phuong phédp tinh toidn mdi todn t&. M&i nit trén ciy dai dién cho mét (hay nhiéu) phép
todn quan hé. Nhirng ghi chd trén méi nit mé td cich né dwogc thuc hién chi ti€t nhu thé nao (hinh
1).

e Cdy todn ti (operator tree) dung dé mé td cic phér :cdn song song dé thuc hién ciy truy vin
twong @ng cling nhw c4dc rang budc vé thdi gian gitra ching. Trudng hop céc todn ti trén ciy 1a cic
toan td dang dng (pipelined operator) thi goi 13 ciy todn t& dang Sng (pipelined operator tree).

Vi du. Truy van sau diy d€ tim lwong trung binh cda cdc nhin vién cé kj ning “lap trinh” vi cé
tién lwong 16n hon thid trudng cda ho:
SECLECT avg (E.salary)
FROM Emp E, Emp M, EmpSkill S
WHERE E.EmpNum=S.EmpNum and E.Mgr=M.EmpNum
and E.Salary>M.Salary and S.Skill=“L3ip trinh”

Ta cé ciy truy van chi gidi va ciy todn t& twong tng la:

AVG
T AVG @
sort-merge T
/ X E.mgr=M.empnum /.ﬁge
simple -hash MergeRun @ ® Probe
EMP M M s
- -empnum= E.empnum N
scan
\ FormRun @ Build @
®
E
EMdPSKILL s EMPE T ClusteredScan(E)
index-sca Scan(M) @
: .CIUStered M @ Index Scan(S)
index-scan
Cay truy van chi giai Ciy toan t twong dng

Hinh 1

Dinh nghia 2.2. Cho p bd xi Iy va ciy todn t& T = (V, E), trong d6 V 1a tip céc nit, E 13 tip
céc canh cda cdy. Lich truy vdn cda T 1A mét phan hoach tir cic nit thanh p tdp Fy,..., F, véi tip
Fy 14 cic cdng viéc dwge phin cho bd xi ly thi k.
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Dinh nghia 2.3. Bai toan lap lich ciy todn t& dang Sng dwgc phat bi€u nhu sau:

Input: Cay toan ti T = (V, E); t; 1a trong s6 cda nit thi 7; ¢;; 14 trong s6 cda canh (¢,7) € E; p 14
56 bo xi ly.

Output: Mot lich truy vin véi thoi gian trd 104 cwe ti€u. Nghia 13, mét phép phin hoach V thanh
cac tap Fy, ..., F, sao cho max;<i<p [Eieﬂ t; + ZJ.QF‘_ Cij] 13 cuc tiéu.

Dinh nghia 2.4. Tii (load) Ly én bd xtt Iy k13 Y-, p [ti + 200, ci5]-

Thoi gian trd 161 L cda mét lich truy vin dwoc tinh tir thoi gian cic todn ti& dang 6ng khéi
dong ddng thoi cho dén todn ti cudi cling hoin tit cong viéc. Khi db cic todn t& thwe hién nhanh
phdi “doi” cac toan ti thuc hién chim. Gid st todn ti& 7 dwgc dinh vi dén bd xi ly k thi ti 1& st
dung cda bd xir ly nay 1a f; = (1/L) Eﬂn cij. Nhu vy, ti 18 st dung cda mt bd xi ly 13 tSng ti
18 st dung cac todn t& dugc thuc hién trén né. Vi vy, mét lich t8i wu sé t6n tai it nhdt mdt bo xi&
ly & tinh trang bao hda theo nghia né sé dwoc tin dung t5i da hay ti 16 tin dung bing 1. Ta cé:

1rélkaé(p2f,—1=>L— max [Zt +Zc”]— max Ly .

= 1<k<p
1EF 1E€EF I¢Fk

Dinh nghia 2.5. Néu F 1 mdt tip cic todn ti thi chi phi tdi mét bd xi Iy d€ thuc hién F dwoc
x4c dinh bdi cost(F) = Y, cp [ti + Y er ciz]-

Chiing ta sé si dung céc thao tic gép cic nit va zda canh cda mot todn t& dé quyét dinh vi tri
c4c nit k& nhau nén dit trén cing mét bd xir Iy hay khic bd xi ly.

1 3=2+41

1 2N\
0 7 W 3241 CNO
4 2 —p 7@ E"-..4 ¥ 10=7+3

4 O7
1 d (b) ()

(a)

Hinh 2. Gép (collapse) cic nit cda mét ciy todn ti

/

(b)

Hinh 8. Xéa (cut) mdt canh cda mdt ciy todn tir

Dinh nghia 2.6. Collapse(, 7) 13 gdp hai nit 7 va j cia mdt cay dé c6 médt nit méi 1’ cb trong s8
ty =t; +t;. Khi d6 cdc canh néi véie va g duwoc chuyén thanh ndi véi '
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Dinh nghia 2.7. Cut(z,7) la x6a di canh (z,7) va thém trong s8 cda né vio nit ¢ va 7, nghia Ia
oY =24 eiy vA 7V =194 4 g5,

Néu mét lich truy vdn dit cd ¢ 1an 7 trén cung bd xi ly k thi viéc tdi dir liéu trén cic b xi ly
1a b&t bi€n khi ¢ va j bi gdp, va nit méi sé dwoc dinh vi trén bs xi Iy k.

Néu mot lich truy van ddt ¢ va 7 trén cic bd xi Iy riéng biét, thi viéc tai di lidu 13 bat bién khi
canh (7, 7) bi xéa.

Céc hinh 2 va 3 cho thiy viéc gdp niit vd xéa canh trén mot cay toan tir.

3. CANH KHONG CHAP NHAN VA CAY DON PIEU
Phan niy khdo sat su lién hé giira chi phi thwc hién song song va chi phi truyén théng.

Dinh nghia 3.1. M3t canh (1,5) € E duwoc goi la khong chdp nhdn néu ciy > t; + 37, cix hodc
cik = t; + Ek;ﬂ Cik-

Nhu viy, mét canh 13 khéng chdp nhin né€u chi phi truyén théng cda né khé 1én va vuot qua
loi ich cda viéc song song héa. Bing thuit todn tién xir Iy Pre Processing chiing ta sé tim va loai
bd céc canh khdng chip nhin va xiy dung mét 16p cac ciy don diéu ma trén dé khong ton tai céc
canh khéng chdp nhin. Ching ta ciing chi ra ring 1ip lai nhigu Iin viéc xéa cic canh khéng chip
nhan s€ cho mét cady don diéu.

Dinh 1y 3.1. Cho p bd z¢ l§ va cdy todn té T = (V,E), canh (z,7) € E. Khi @6 s€ ton tai mét lich
truy vin t61 wu cda T cho p bg zi I md trong d6 nit < vd j dwoc gop lar trén cing mét b z Iy [5].

Dinh nghia 3.2. M6t ciy todn td T dwoc goi la don diéu (monotone) néu véi hai tip lién théng
céc nit bat ky X, Y trén T thi chi phi thuc hién X sé thip hon chi phi thuc hién cda mét tip lién
théng Y chia né. Nghia 13, n€u X C Y thi cost(X) < cost(Y).

Tir dinh nghia, dé thdy rdng T 13 mot ciy don diéu néu va chi néu T khong cb cic canh khong chip
nhin. Pidu quan trong 13 viéc xdy dung mét lich truy vin cho mét cady don diéu dé hon nhigu so
véi viée xay dung lich truy van cho cay ban diu. Dieu nay chi chip nhin dwoc khi viéc gbp cac
canh khong chdp nhin ma khéng lam m4t y nghia cda viéc t6i wu héa. Hon thé nira, lich truy van
cho ciy ban diu cé thé tim lai dwoc tir lich truy vin cda ciy di chuyén ddi.

Thuat toan 3.1. Pre_Processing
Input: Mét ciy todn ti.
Output: M6t ciy todn ti don didu.
Method:

While ton tai canh khéng chdp nhan (¢, 7)

Collapse(z, 7)

End whale
End
Do viy ciy dang xét 13 hitu han vi mdi Iin gop s€ lam gidm s8 cic nidt, nén thuit toin sé diurng.
Viéc ki€m tra su ton tai cia canh khéng chdp nhin 1 yéu t8 xac dinh chi y&u cda thoi gian thuc
hién thuit todn. Thudt todn thuc hién véi dd phirc tap 13 O(nd), véi n 13 s8 céc nit va d 13 gid tri
1én nhit cia bic cc nit.

B6 dé 3.1. Cho R; = [t; + d_jev Ciz| ld trong 56 cda nit . Thot gian trd 160 cida lich truy vdn bdt
ky cida mét todn td don diéu cd mét gidt han thdp hon R = max;ev R;.

B3 dé 3.2. Tho gian trd los cia mét lich truy vin véi p b6 = Iy cda mét todn tod bdt ky ludn luén

I6n hon W =W /p v6i W =Y.\, t; ld t6ng trong s6 cda cdc nit cda cdy.
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4. LICH TRUY VAN LIEN THONG

Mst lich truy van dwoc goi 1a lién thong néu nhitng nit dwgc dinh vi trén mét bo xir Iy nao dé
phdi 13 mét t3p lién théng. Ring budc ndy twong dwong véi vide chi xét cic ciy truy van chi chiu
chi phi truyén théng trén p — 1 canh khi st dung p bdé xi ly. Bdi vi bai todn x4c dinh truy van t&i
wu tong quat 13 N P-khé nén ching ta sé tim lich truy van lién théng t3i wu twong tng c6 d3 phirc
tap da thiec.

4.1. Lich truy van lién théng khéng cé chi phi truyén théng

Chiing ta dwa ra mét thuit toin dé tim ki€m lich truy vin lién théng t8i wu cho céc ciy cé
trong s8 & cac canh déu bang 0 (c;; = 0). Thuit todn dwgc xiy dung hai buérc:
Buéc thi# nhdt1a véi mot can B va s6 bd xir Iy 14 p, ta sé xdy dung mot thuit todn hiéu qud d€ tim
mdt phin hoach lién théng gom p tap Fy,..., F, véi maxi<i<p cost(F;) < B, néu né ton tai.
Buéc thit hai sé xiy dung thuit todn t8ng thé bing cich Iin hrot ding thuit to4dn & buwéc thi nhat.
Chiing ta bdt diu tir gid tri B dwgc dit bing cin dwéi thoi gian trd 15i va ting din gid tri B cho
dén khi thuit todn & buwéc tht nhit cho 11 gidi hop Iy va khi d6 gid tri B 13 ciing 1 gid tri nhd
nhit.

Pinh nghia 4.1.1. Mgt lich truy vin dwoc goi (B, p)-bi chdn néu né 13 mét lich truy van lién thong
va st dung t8i da p bd x& Iy va c¢6 mdt thoi gian trd 11 t8i da 13 B.

Dinh nghia 4.1.2. M&t nit dugc goi 1a nit me néu céc nit k& cda né 1a cic nidt 14 véi nhidu nhit
13 mdt ngoai 1& (nghia 13 c6 thé c¢6 mét nit khong 13 nit 14).

B8 dé 4.1.1. Gid s¥ m lda mét nit me véi cde nit con ry,...,rq dwoc sdp zép khong gidm theo trong
s6, nghia ld t,, < ... < t,,. Néu mdt lich truy vin (B,p)-bv chdn S cd cdc nit m vd r; ddt trong
cing mdt phan dogn vd cde nit r; dwgc ddt trong mét phin dogn khdc, véii < j (nghia ldt, <t,)
thi lich truy vin S’ dwoc tao tr S bdng cdch d6% chd rj vd r; cing la (B,p)-bi chin.

St dung 13p lai bd dé trén ta cé két qud sau:
B deé 4.1.2. Néu ton tai mét lich truy vin (B, p)-bi chdn thi cing ton tar mét lich truy vin (B, p)-bi
chdn khdc sao cho:

(1) Néu hat nidt m, r; dwoc gép thi hai nit m,r;_, cing dwoc gop.

(2) Néu canh (m,rj) bi zda thi canh (m,rji1) cing bi zda.

Goi s la 56 16n nhdt cdc nit con ma ¢ thé dwac gop véi nit me m ma khong vwot qud cin B.
Nghia ld t s ta ¢ tm + D <i<,tr, < B.

Dinh 1y 4.1.1. Néu ton tai mét lich truy vin (B,p)-bi chdn thi cing ton tei mét lich truy vdn
(B, p)-bt chdn sao cho:

(1) Hat ndt m,r; dwoc gép vd1 1< 7 <s.
(2) Canh (m,r;) bi zda vé1s < 5 < d.

Dinh 1y 4.1.1 cho phép tim lich (B, p)-bi chdn hodc chi ra ring khong tdn tai lich ndo nhu viy.
Chon mét nit me bt ky va x&p lai cdc nit con theo thi tu khdng ting cda trong s8. Ta gdp céc
nit con thanh nit me sao cho trong s8 cda nit me phai & dwéi cin B va tich phin con lai. Lip lai
tién trinh trén cho dén khi ndo khéng con nit ndo dwgc gdp hay chiing ta da thuc hién xéa p — 1
canh. Néu trong s8 cda phin doan cudi cing khéng hon B, thi ching ta tim ra mét lich (B, p)-b1
chdn, ngwoc lai khong cé lich truy vin nio nhu thé ton tai.
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Thuat toan 4.1.1. BpSchedule
Input: cdy todn t& T véi cac canh cé trong s8 0, cin B.
Output: Phan hoach T thanh céc phan doan Fi, ..., Fy, sao cho cost(F;) < Bvéii=1,...,p— 1.
Method:
1. While ton tai mét nit me m
2. Goi ry, ...,74 1d d nit con cda m sao cho: ¢, < ... <,

3. Chon s < d sao cho s 1 gid tri lén nhat thda méan t,, + ), c;<,tr, < B
4. For 9 =1 to s do

5. Collapse(m, r;)

6. For g =s+1tos do

7. Cut(m, r;)

8. If t8ng cong s8 cut 13 p — 1 goto 10

9. End while

10. Return (két qud phan hoach Fy, ..., F})

Ta sé tim mét lich truy van lién thong t8i wu bing cich gén B dén mét cin dwéi ndo d6, sau d6 ting
B mgt luong 16m nhat cé thé dwoc va xét lai B nhiéu lin nhung phdi bdo ddm ring khéng vuot qué
gia tri t8i wu cin tim. V&i mdi gid tri B nhw thé, thuc hién Bpschedule va ki€m tra phan hoach lién
théng tim dwoc c6 thda man diu kién max;<;<p(cost(F;)) < B hay khong. Dua vio BS dé 4.1.1 va
B3 d&é 4.1.2 ta chon cin B ban d3u 13 max(W, Rmax), & diy véi gid thiét trong s8 cda cdc canh déu
bing 0 nén Ryax = maxiev (¢ + Ejev ¢ij) = maxX;ev t;. Trong trudmng hop phin hoach lién thong
tim dwoc khéng théa man thi ta sé dwa vio phin hoach dé dé tim cach ting gid tri B.

Ta goi nit lién k€ cda mdt tip F; 14 mdt nit cb trong s8 nhd nhit trong cic nit khéng phu
thuéc F; nhung lai néi t&i mot dinh trong Fj, goi B; = cost(F;) + trong s8 cda ndt lién ké. M&i lan
thuc hién lai thanh céng thuit todn thi phan hoach chira cic nit gdp s€ 16n hon va khi dé gid tri ma
B s& ting 1én d€ khéng vugt qué gid tri nhé nhit cin tim 13 B* = minjey B;. T diy ta c6 thuit
toan d€ tim phéan hoach lién théng c6 max;<;<pcost(F;) 12 nhd nhit.

Thuat toan 4.1.2. BalancedCuts
Input: Cay todn tir c6 trong sd cia cac canh bing 0, s b xi 1y 13 p.
Output: Phan hoach lién théng Fy, ..., F, sao cho maxi<i<pcost(F;) nhd nhit.
Method:
1. B= 1 t;, t;
max ((1/p) ) _ t:, maxt;)

1€V

2. Whaile true
3 Fy, ..., F, = BpSchedule(T, B)
4. If cost(Fy,) < B then return Fy,..., Fy,
5 B; = cost(F;) + trong s8 cda niit lién ké cda F;
6 B= min,— B,'

End while

End

4.2. Lich truy vén lién thong ¢6 tinh dén chi phi truyén théng

Dén day ta dai gidi quyét dwoc tim lich t8i wu trong truwdng hop trong s8 cic canh cda ciy todn
td bing 0. Tuy nhién, trong thuc t& thi chi phi truyén thdng giita cic nit khong thé bd qua dwor.
Tiec 13 trong s8 cda céc canh khéc 0 (c;; # 0). Trong thudt todn BpSchedule ta thiy ring viéc thém
mdt ntit dén moét phan doan ma vain bdo ddm tinh lién thdong s€ ldm ting chi phi cda phan doan
dé. BpSchedule 1am cho cdc phan doan 16m 1én do viéc gdp cac nit con véi niit me mién sao chi phi
trén phan doan dé vin bi chin. Cic nit con vin duoc sip xép theo thir tuw khong gidm cda trong
8. Véi cac canh c6 trong s6 khac 0, thi nit me phéi chiu chi phi truyén théng cho nit con khi né
& mdt phan doan khéc. Vi viy viéc gdp nit con 7 véi niit me m sé lam ting thém chi phi cda phin
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doan 13 t; — ¢;m. Viéc sdp x€p cdc niit con cia mit me theo thir tw khéng gidm cia t; — c;p, 13 cin
thiét d€ 4p dung dwoc cic BS dé 4.1.1, 4.1.2 v Dinh ly 4.1.1.

Thuit todn BpSchedule trong trudng hop cé chi phi truyén théng dwoc viét lai nhu sau:

Thuat todn 4.2.1 BpSchedile_Cost
Input: Ciy toan t& T; cin B.
Output: Phan hoach T thanh cac Fy,..., Fy, sao cho cost(F;) < B véii=1,...,p— 1.
Method:

1. s8_nhdt_cit =0

2. While (ton tai mdt nit me m) va (s6-nhatcit < p — 1)

3. Gid st mcddnidt conry,...,rg véit,, —crim < oo <try, —Crym

Goi n nit 13 ntit me cia m

4. Chon s < d,s la gid tri lé6n nhdt thda: t,, +cmn + D, t,+ D ¢rm < B
. 1<i<s 8+1<:i<d
5. For 7 =1 to s do
6. collapse(m; r;)
1. For j=s+1tod do
Begin
8. Cut(m;r)
9. s8_nhat_cit = s3_nhat cit + 1
End
End while

10. Return (phan hoach lién théng Fy,..., Fp)
Tir diy ta c6 thuit todn d€ tim phan hoach lién thdng c6 max;<i<pcost(F;) 1a nhé nhét trong trudmg
hop c6 chi phi truyén théng nhu sau:
Thuit todn 4.2.2. BalancedCuts_Cost
Input: . Ciy toan ti cé trong s8 cda cac canh khic 0
L S3bsxk gl p

Output: Phan hoach lién théng Fi, ..., Fp, sao cho max;<;<pcost(F;) nhd nhit.
Method:

1. B= max(% > iev tiymaXiev ;)

2. Whale true

3. Fy, ..., F, = BpSchedule(T, B)

4. If cost(Fp) < B then return Fy,..., F,
5. Fori=1top
Begin
6. k = nit lién ké cda F;
7. cc = trong s8 cda canh ndi F; véi k
8. n = nidt me cda k
9. B; = cost(F;) + tx — 2cc + ckn
End
10. B = mini B,‘
End while
End

Vi du: Xét ciy toan t& ban diu c6 21 dinh (Hinh 4). Sau khi qua giai doan tién xi ly, bing cich
gbp cac nit tao bdi cdc canh khéng chip nhin duwoc: (2,4), (10,18), (8,15), (8,16), (16,21) ta duoc
ciy domn diéu (Hinh 5).
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Hinh 5. Ciy toan ti qua tién xi ly

10 2

Sau khi thuc hién qud trinh dé tim phin hoach lién théng bing cich sit dung cic thuit toin di
néu & trén ta duoc cac két qué sau:
p=4, eyt =94

o B=094/4=235
Fy = {6,11,12,13}, cost(Fy) = 17, By = cost(F1) + to — 2co6 + c21 = 17+ 12— 6+ 5 = 28
F, = {5,10} cost(Fy) = 16, By = cost(F) + to — 2co5 + c21 = 16+ 12— 4+ 5 = 29
F3 = {4,9}, cost(F3) = 21, B3 = cost(F3) + t2 — 2co4 + c21 =21+ 12— 8+5=30
Fy=1{1,2,3,7,8,14,15,16}, cost(Fy) = 58 > By = cost(Fy) + te — 2c26 = 58 + 14 — 6 = 66
max;<;<4 cost(F;) = 53 > B, ti€p tuc.
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e B=rmaunB; =28

Lip B — 28
F; = {5,10}, cost(Fy) = 16, By = cost(Fy) +ta — 2co5 +co1 = 16 +23 — 4+ 5 = 40
Fy = {5, 10}, COSt(Fg) =16, By = COSt(Fz) +ta —2co5 +co1 =16+12—4+5=29

F3 = {8, 14,15, 16}, COSt(F3) =27, B; = COSt(Fs) 4+t —2c3g+c13=27+14 -6+ 6 = 41
Fy={1,2,3,6,7,11,12,13},  cost(Fy) = 39, By = cost(Fy) + te — 2c25 = 39 + 14 — 4 = 49
max; <i<4 cost(F;) = 39 > B, ti€p tuc.

e B = min B; = 40

Fy = {4,9} cost(Fy) = 21
F, = {8,14,15, 16} cost(Fy) = 24
Fs ={2,5,6,10,11,12,13} cost(F3) = 40
Fy={1,3,7} cost(Fy) = 30

L = max;<i<4 cost(F;) = 40 = B, dung.
Céc tidp nay ngin cich nhau nhu & hinh duéi day.
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Hinh 6. Ciy toan tir lién thong t8i wu

10 3
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Nhan xét. Thuét todn sé cho két qua tSt nhét trong trudng hop cdy todn ti path (path 13 ciy todn
t& chi ¢6 hai nit 13) va cho két qud xdu nhit trong trudng hop ciy todn ti 13 star (star 1d cay toan
t& chi ¢c6 mdt mit khong phdi 13 nidt 14 con toan bd cdc nit khic 13 nit 14). Thong thudng thi néu
ciy todn t& ma bic cdc dinh cing bé thi thuit todn cing hiéu qui.

6. KET LUAN

Bai bdo da dé xuit thuit todn 1ap lich truy van t8i wu cho ciy toan ti dang Ong c6 tinh dén chi
phi truyén théng. Trudng hop khong tinh dén chi phi truyén thong da dwoc Hasan gidi quyét nim
1995. Tuy nhién, trong thuc t& véi nhirng mang may tinh nhé hodc sidu mdy tinh ta c6 thé bd qua
chi phi truyén théng, nhung véi nhitng mang mdy tinh 16n thi chi phi truyén théng dnh huéng kha
lé6n dén thoi gian truy van thong tin. Qua mot s8 thit nghiém khai thic CSDL tir cic trang WEB
ta thay khau chim nhat 1a khiu chuyén tdi théng tin tir CSDL 1én trang WEB va ngwoc lai. Cé
thé gidi thich ly do niy 13 do céc chwong trinh tro gidp viéc chuyén tii dir liéu, vi du cdc thd tuc
truy nhip dugc vi€t bing ngdn ngir JAVA, thi do bdn chit thong dich cda ngén ngit nén cic thao
tac truy nhip théng tin chim mdt cich dang ké so véi & CSDL tip trung.
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