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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. Waqar Hasan has solved the same problem in non-communication cost case in 1995.

T6rn tl(t. Xl1:If song song cho ph ep giam thie'u tho-i gian hoi dap ciia cau truy Vim tren cac CO' sO-dii' li~u
(CSDL) krn. Khi nhan m9t cau truy va:n SQL gl1:iMn, h~ quan tri CSDL truxrc tien se tlm phtrong an thi
hanh toi iru d€! tho-i gian tri 1m truy va:n la nho nhfit. Phuong an nay phdi trii qua hai giai dean chinh:
giai dean lam C1rC tie'u khoi hro'ng cong vi~c va giai dean ph an bo cong viec cho cac b9 xli' If. Bid toan l~p
lich toi u'u de' phan chia ccng vi~c m9t each ho-p If cho cac b9 xu' If la mot bai toan dtro'c nhieu nha tin hoc
quan tam. Bai bao nay de xuSt m9t thu%t toan l%plich song song dang ong (pipelined parallelism schedule)
co tinh di1nchi phi truyen thong giira cac tram. Truong ho-p khOngtinh di1nchi phi truyen thOng da dircc
Hasan giii quyet nam 1995 [5].

1. GIOl THI~U

Toi UlJ. h6a truy van la mot de tai dutrc nhieu ngtro'i quan tam khi bltt dau phat trie'n cac h~
quan tr~ CSDL. Hieu qua va tinh kha thi cua vi~c t5 chirc khai thac CSDL tren moi trrro'ng da xtl-
ly dil thu hut SIT quan tam nghien ciru ciia nhieu nha tin h9C. M9t yeu to dh den Sl!.' thanh cong
cu a cac h~ quan tri CSDL da xtl- ly nay la tinh hi~u qua cua b9 toi u-u h6a. Tru'o'c khi tr<l.lai m9t
cau truy van, b9 toi UlJ. h6a tien hanh hai giai dean [2]: .

- Giai docsi JOQR (Join Ordering and Query Rewriting). Muc dich chinh cua giai dean nay la
xay dung cac chien hro'c dif thirc hi~n cac phep noi c6 hieu qua nh~m giarn thie'u khdi hro'ng cong
viec. Cac chien hro'c toi tru dil hra chon duxrc the' hien qua cay truy van c6 chu giai (annotated query
tree) .

- Giai iloan. song song h.oa (Parallelization). Cay truy van c6 chu giai diro'c bien d5i de' dira ra
m9t phirong an thi hanh song song. Muc dfch chfnh cua giai doan nay la hlnh th anh lich truy van
toi tru de' phan chia cong vi~c m9t each ho'p ly cho cac b9 vi xtl- lY.

C6 the' ma t<l.qua trlnh toi tru h6a cau hoi trong CSDL song song nhir sau:
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Bai bao nay, t~p trung vao bai toan I~p lich eho cay toan tli- dang O'ng (pipelined operator tree),
nghia Ia mi?t sO' toan tli- cua cay e6 the' thuc hien dong thai, dii: Ii~u san xuat ra cua toan tli- nay
e6 the' Ia dii' Ii~u tieu thu cu a toan tli- kia. qp lich eho ca,y toan tu' nhir the Ia mi?t bai toan phirc
tap. Chung ta se dira bai toan v'e dang don gian ho'n, e6 d9 phirc t ap da thirc, bhg cac phep x6a
canh va gi?p cac nut de' chuyen cay toan tu' phirc tap th anh cay toan tli- do'n dieu, Cudi cling se tlm
mi?t ph an hoach lien thong to'i U'U eho cac nut cii a cay toan tli- de' chuydn cac cay con vao cac bi? xli-
Iy ttro'ng irng. TrU'<1etien, chiing ta se xay dung thu~t toan trong trufmg hop cac canh cua cay e6
trong sO'bhg 0, nghia Ia chi phi truyen thOng giii:a cac nut khOng tinh den [5]. Sau d6 chiing ta se
xet bai toan trong triro'ng hop e6 tinh den chi phi truyen thOng de' tlm kiem Iai giai to'i tru eho bai
toan I~p lich,

2. MQT SO D:JNH NGHIA vA KHAI NI~M LIEN QUAN

D!nh nghia 2.1.
• Cay truy van eM gidi (annotated query tree) 1ft.cay truy van cho biet thtr t'! thu'c hi~n m~i phep
toan va plnrong ph ap tinh toan m6i toan tli-. M~i nut tren cay dai di~n eho mi?t (hay nhieu] phep
toan quan h~. Nhirng ghi chii tren m6i nut mo ta each n6 diro'c thuc hi~n chi tiet nhir the nao [hlnh
1) .
• Cay todn. tti- (operator tree) dung de' mo ta cac phe~ ~:)an song song de' thirc hi~n cay truy van
tircrng ling cling nhir cac rang buoc ve thai gian giii:a chiing. Trtro'ng hop cac toan tli- tren cay Ia cac
toan tli- dang O'ng [pipelined operator) thl goi Ia cay toan tli- dang O'ng [pipelined operator tree).

Vi' d1f. Truy van sau day de' tlm hrcrng trung blnh cua cac nhfin vien e6 ky nang "I~p trlnh" va e6
ti'en hrong Ion hon thu triro'ng cua 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.Saiary and S.Skill="L~p trlnh"
Ta e6 cay truy van chii giai va cay toan tli- ttrong irng Ia:

AVG
AVG.

i i
~ sort- merge • Merge

E.mg,oMempoom / \

/ \ MergeRun • • Probe
simple· hash ! I"EMP M [><J Sempnum=E.empnum

scan / \
FormRun. Build.

I iClu;redSean(E)
EMPSK ILL S EMP E S (M) •
index-scan clustered can • Index Scan(S)

index-scan

Cay truy van chti giai Cay roan tli- tiro'ng irng

Hinh 1

Dmh nghia 2.2. Cho p bi? xli- Iy va cay toan tli- T = (V, E), trong d6 V la t~p cac nut, E Ia t~p
cac canh cua cay. Lich truy van cua T Ia mot phan hoach tit cac nut thanh p t~p F1, ... ,Fp v&i t~p
Fk Ia cac cong viec dtro'c ph an eho bi? xli- Iy thu: k.
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Djnh nghia 2.3. Bai toan l~p lich cay toan tu: dang ong dircc phat higu nhir sau:
Input: Cay toan trl: T = (V, E); t, Ill. trong so ctia nut thir i; Cij Ill. trong so cua canh (i,j) E E; pIa
so hi? xU- lY.
Output: Mi?t lich truy van voi thoi gian td. 101circ tigu. Nghia la, ffii?t phep phan hoach V thanh
cac t~p Fl, ... , Fp sao eho ffiaxl:<;i:<;p[EiEFi t; + Ej~Fi Cij] Ill.ctrc tigu.

Djnh nghia 2.4. ni (load) Lk len hi? xU: ly k Ia EiEFk [ti + Ej~Fk cd.
Tho'i gian td. Uti L cii a ffii?t lich truy van diro'c tinh tir thai gian cac toan tu- dang ong kh&-i

di?ng dong thai eho den toan tu: eu5i cung hoan tat cong vi~c. Khi do cac toan tu: thirc hi~n nhanh
phai "do'i" cac toan tu- thtrc hi~n cham. Cia suo toan tu- i dmrc dinh V} dgn hi? xU- ly k thl tl l~ su-
dung cua hi? xU: Iy nay Ill. Ii = (1/ L) Ej~Fk Cij. Nhir v~y, tll~ suodung ciia ffii?t hi? xU: ly Ia t5ng tl
l~ suodung cac toan tu: diro'c thirc hi~n tren no. VI v~y, ffii?t lich toi tru se t,on tai it nHt ffii?t hi? xU:
ly &-tlnh trang bjio hoa theo nghia no se dtroc t~n dung t5i da hay tll~ t~n dung hhg 1. Ta eo:

lIJ!:~L Ii = 1=? L = lIJ!:~[L ti + L Cij] = lIJ!:~u:
- -p iEFk - -p iEFk j~Fk - -p

D!nh nghia 2.5. Ngu F Ill. ffii?t t~p cac toan tu: thl chi phi d.i ffii?t hi? xU: ly M thuc hi~n F diroc
xac dinh h6'i cost(F) = EiEF [ti + Ej~F Cij].

Chung ta se su- dung cac thao tac gqp cac nut va zoa canh cti a ffii?t toan tu: M quydt dinh vi tri
cac nut ke nhau nen d~t tren cling ffii?t hi? xU: ly hay khac hi? xU: lY.

1

:~13 ....
./ 1

71 .~~
(a) 6 (b)

10=7+3

~'0=7+3

(c)

Hinh. 2. Ci?P (collapse) cac nut ciia ffii?t cay toan tu-

Gd'i
--~ (a) (b)

Hinh. 9. X6a (cut) ffii?t canh cila ffii?t cay toan tu:

D!nh nghia 2.6. Collapse(i, j) Ill.gi?p hai nut i va j cua ffii?t cay dg eo ffii?t nut mci i' co trong so
ti' = t; + tj. Khi do cac canh noi v&i i va j diro'c chuydn th anh noi voi i'.
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D!nh nghia 2.7. Cut(i, j) la x6a di canh (i, j) va them trong so cua n6 vao nut i va i, nghia la
tnew = told + C> > va tnew = told + C> >t t tJ J J tJ .

Neu m9t lich truy van d~t d. i Ih j tren cling b9 xu: Iy k thl vi~c d.i dir li~u tren cac b9 xU- Iy
la bat bien khi i va j bi g9P, va nut moi se diro'c dinh vi tren b9 xU- Iy k.

Neu m9t lich truy van d~t i va j tren cac b9 xU-Iy rieng bi~t, thl viec d.i du: li~u la bat bien khi
canh (i, J» bi x6a.

Cac hinh 2 va 3 cho thay vi~c g9P nut va x6a canh tren m9t cay toan tu:.

3. C~NH KHONG CHAP NH~N VA CAY DON DI~U

Phan nay khao sat Sl!' lien h~ giii'a chi phi thuc hi~n song song va chi phi truyen thOng.

Dinh nghia 3.1. M9t canh (i, j) E E duxrc goi la khong chap nh4n neu cii 2:: t, + 2.:k;ti Cik hoac
Cik 2:: ti + 2.:k;ti cc«.

Nhir v ay, m9t canh la khOng chap nhan neu chi phi truyen thOng cu a n6 kha Ian va virot qua
lo'i ich ciia vi~c song song h6a. Blng thu~t toan ti'en xu: Iy Pre-Processing cluing ta se tlm va loai
b6 cac canh khong chap nhan va xay dirng m9t lap cac cay don di~u ma tren d6 khong ton t ai cac
canh khOng chap nhan. Chung ta cling chi ra rhg I~p lai nhieu ran viec x6a cac canh khong chap
nh an se cho m9t cay don dieu.

D!nh ly 3.1. Cho p bi! xJ: 11 va cay totin. tJ: T = (V, E), canh. (i, j) E E. Khi a6 Sf ton ioi mi!t licli
truy van toi u-u ctla T cho p bq xJ: 11 ma trong a6 nut i va j ilu o c gqp Iq,i tri n. cung mot bq xJ: 11 [5].

Dinh nghia 3.2. M9t cay toan tu- T diroc goi la don di~u (monotone) neu vo'i hai t~p lien thong
cac nut bat ky X, Y tren T thl chi phi thuc hien X se thap ho n chi phi thtrc hien cii a m9t t~p lien
thOng Y chira n6. Nghia la, neu Xc Y thi cost(X) < cost(Y).

Tir dinh nghia, d~ thay rhg T la m9t cay don di~u neu va chi neu T khOng c6 cac canh khOng chap
nhan. Dieu quan trong la vi~c xay du'ng m9t lich truy van cho m9t cay don di~u d~ hem nhieu so
vo'i viec xay dung lich truy van cho cay ban dau. Dleu nay chi chap nh~n diro'c khi viec g9P cac
canh khOng chap nhan ma khOng lam mat y nghia cii a viec toi tru h6a. Hcrn the nfra, lich truy van
cho cay ban dau c6 thi trm lai diro'c tir lich truy van cua cay dil. chuyin d5i.

Thu~t toan 3.1. Pre.Processinq
Input: M9t cay toan tu·.
Output: M9t cay toan tu' don dieu.
Method:

While ton t~i canh khOng chap nh~n (i, j)
Collapse(i, j)

End while
End

Do v~y cay dang xet la hiru han va m6i Ian g9P se lam giam so cac nut, nen thuat toan se dimg.
Vi~c kiim tra su' ton t ai cti a canh khOng chap nhan la yeu to xac dinh chu yeu cii a thai. gian thuc
hien thuat toano Thuat toan thu'c hien vo i d9 phirc t ap la O(nd)' voi n la so cac nut va d la gia tri
Ian nhat cu a b~c cac nut.

B8 de 3.1. Cho R; = [ti + 2.:iEv cii]la tronq so csla nut i. Thiri gian trd liri csla lich. truy van bat
kif cdo. mqt totin. tJ: da n. ai4u c6 mqt gi6-i han. thap ho ti R = maXiEV Ri.

B8 de 3.2. Thiri gian trd liri ctla mqt licli truy van v6-i p bq xJ: 11 cda mi!t totiii tJ: bat kif luon. luon
lun ho n. W = W [p v6-i W = 2.:iEV ti la t5ng trqng so ctla cdc nut ctla cay.
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4. qCH TRUY VAN LIEN THONG

M9t lich truy van diro'c goi 111.lien thOng ngu nhirng nut diro'c dinh vi tren m9t b9 xU-If nao do
phai 111.m9t t~p lien thOng. Rang bU9C nay tircng dirong vo'i vi~c chi xet cac cay truy van chi chiu
chi phi truyen thOng tren p - 1 canh khi su- dung p b9 Xtl: If. B&i VI bai toan xac dinh truy van toi
uu t5ng quat 111.N P-kh6 nen chiing ta se tlm lich truy van lien thong toi tru ttro'ng img co d9 phirc
tap da thirc.

4.1. Lich truy van lien thong khong co chi phi truyen thong

Chung ta dira ra m9t thu%t toan M tlm kidm lich truy van lien thong toi U'U cho cac cay co
trong so & cac canh deu bhg 0 (Cij = 0). Thuat toan diro'c xay dirng hai buxrc:

Bu ac thY: nhat 111.v6i. m9t c~n B va so b9 xU-If 111.p, ta se xay dung m9t thu~t toan hi~u qua M tlm
m9t ph an hoach lien thOng gom p t%p FI, ... , Fp v&i maxI:5i:5p cost(Fd :::;B, neu no ton t ai.

Bu ac thY: hai se xay dung thu%t toan t5ng thg bhg each ran hrot dung thu~t toan & buxrc th~ nhfit;
Chung ta blit d~u tu' gia tr] B diro'c d~t bhg c~n diro'i thai gian tr<l. lai va tang d~n gia tr~ B cho
dgn khi thu~t toan & biro'c thu' nhat cho lai gi<l.ihop If va khi do gia tri B 111.cling 111.gia tr] nho
nh St,

D%nhnghia 4.1.1. M9t lich truy van du'cc goi (B, p)-bi ch~n neu no 111.m9t lich truy van lien thong
va su- dung toi da p b9 xli, If va co rndt thai gian td lai toi da 111.B.

D!nh nghia 4.1.2. M9t nut diro'c goi 111.nut me neu cac nut ke cua no 111.cac nut la v&i nhieu nhat
111.m9t ngoai l~ (nghia 111.co thg co m9t nut khOng 111.nut la].

Bci de 4.1.1. Gid sJ: m La mqt nut m~ veri cdc nut con rI, ... , rd dsro c s~p xep khong gidm theo ironq
so, nghia La trl :::;... :::;trd' Neu mqt lich. truy van (B,p)-bi ch~n 8 co cac nut m va rj il~t trong
cung mqt pluin. iloqr: va c dc nut ri du o c il~t trong mqt phiin. iloq,n kluic, vo-i i < j (nghia Latri :::;trj)
thi lich. truy van 8' du oc too tu' 8 b/Lng ctich. ilo'i cM rj va ri ciing La (B, p) -bi chq,n.

Bci de 4.1.2. Neu ton tq,i mqt lich. truy van (B,p)-bi chq,n thi ciing ton tq,i mqt lich. truy van (B,p)-bi
chq,n kluic sao cho:

(1) Neu hai nut m, rj ilucrc gqp thi hai nut m, rj-I ciing ilucrc gqp.

(2) »s« conh. (m, rj) bi zoa thi cqrdi (m, rHI) ciing bi zoa.

Goi s La so Lernnhat cac nut con ma co the' ilucrc gqp vo-i nut m~ m ma khong uu ot qua c~n B.
Nghia La tit s ta co tm + EI.:5i:5. tri :::;B.

Djnh ly 4.1.1. ns« ton tq,i mqt lich. truy van (B,p)-bi chq,n thi ciing ton tq,i mot lich. truy van
(B,p)-bi chq,n sao cho:

(1) Hai nut m, rj du oc gqp veri 1< j < s.

(2) Canh. (m, rj) bi xoa vO'i s < j < d.

Dinh If 4.1.1 cho phep tlm Iich (B, p)-bi chq,n ho~c chi ra d.ng khong ton tai lich nao nhu v%y.
Chon m9t nut me bat ky va xgp lai cac nut con theo thii' tl! khong tang cua trong so. Ta g9P cac
nut con thanh nut me sao cho trong so cu a nut me phai & dirci c~n B va tach phlin con lai, L~p lai
tign trlnh tren cho den khi nao khOng con nut nao diroc g9P hay chung ta dii thirc hi~n xoa p - 1
canh, Ngu trong so cii a phan dean cudi cung khong hem B, thi chung ta tim ra m9t lich (B,p)-bi
chiin, ngtroc lai khOng co lich truy van nao nhir the ton tai,
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Thu~t toan 4.1.1. Bp Schedule
Input: cay toan tn- T vci cac canh co trong so 0, c~n B.
Ou tpu t: Phfin hoach T thanh cac phan dean Fl, ... , Fp sao cho cost (Fi) ::;B vci i = 1, ... , p - L
Method:

1. While ton tai m9t nut me m
2. Goi rl, ... , rd Ill.d nut con ciia m sao cho: trl ::; ... ::; trd

3. Chon s ::; d sao cho s Ill.gia tr] Ion nhat thoa man tm + El<i<s tr; ::; B
4. For j = 1 to s do - -
5. Collapse(m, rj)
6. FOTj = S + 1 to s do
7. Cut(m, rj)
8. If t5ng c9ng so cut Ill.p - 1 goto 10
9. End while

10. Return (ket qua phan hoach Fl, ... , Fp)

Ta se tlm m9t lich truy van lien thOng toi iru bhg each gan B den m9t c~n dirci nao do, sau do tang
B m9t hrong 16-nnhat co thg diro'c va xet lai B nhieu ran nhirng phai bao dim d.ng khOng vuot qua
gia tri toi U"U can tlm. V6i. m~i gia tri B nhir the, thirc hi~n Bpschedule va kigm tra phan hoach lien
thOng tlm dliq'c co thoa man di'eu ki~n maxl~i~p(Cost(F.)) ::; B hay khOng. Dira vao B5 de 4.1.1 va
B5 de 4.1.2 ta chon c~n B ban dau Ill.max(W, Rmax), If day vci gia thiet trong so cua cac canh deu
b~ng 0 nen Rmax = maXiEv(ti + EjEv Cij) = maXiEV ti. Trong trurmg hop phan hoach lien thong
tlm diro'c khOng thoa man thl ta se dira vao ph an hoach do M tlm each tang gia tri B.

Ta goi nut lien ke ctia m9t t~p F; Ill.m9t nut co trong so nho nhat trong cac nut khOng phu
thuoc Fi nhirng lai noi t&i m9t dinh trong Fi, goi B; = cost(F;) + trong so cua nut lien ke. M~i Ian
thirc hien lai th anh cong thu~t toan thlphan hoach chira cac nut g9P se krn ho'n va khi do gia tr] ma
B se tang len M khOng virct qua gia tri nho nhat can tlm Ill.B* = minjEV Bi. Tit day ta co thu~t
toan dg tun phan hoach lien thOng co maxl~i~p cost(F;) Ill.nho nhfit,

Thu~t toan 4.1.2. BalancedCuts
Input: Cay toan tn- co trong so cua cac canh bhg 0, so b9 xn- ly Ill.p.
Output: Phan hoach lien thong Fl, ...,Fp sao cho maxl~i~p cost(F;) nho nhat,
Method:

1. B = max ((lip) L ti, ~txti)
iEV

2. While true
3. Fl, ... , Fp = BpSchedule(T, B)
4. Ifeost(Fp)::; B then return Fl, ... .F;
5. B; = cost(F;) + trong so ciia nut lien ke cua Fi
6. B = mini B,

End while
End

4.2. Lich truy van lien thong co' tinh den chi phi truyen thong

Den day ta da giai quydt diroc tim lich toi tru trong trirong hop trong so cac canh cua cay toan
tn- bhg o. Tuy nhien, trong thirc te thi chi phi truyen thong giira cac nut khOng thg bo qua diro'c.
Trrc Ill.trong so cua cac canh khac 0 (Cij =1= 0). Trong thu~t toan BpSchedule ta thay r~ng vi~c them
m9t nut den m9t ph an dean ma vh bao dam tinh lien thong se lam tang chi phi cua phan doan
do. BpSchedule lam cho cac phan doan 16-nlen do vi~c g9P cac nut con v&i nut m~ mi~n sao chi phi
tren phan doan do vh bi ch~n. Cac nut con vh dircc s~p xep theo thrr tl! khong giam ciia trong
so. V&i cac canh co trong so khac 0, thi nut me phai chiu chi phi truyen thOng cho nut con khi no
If m9t phan doan khac, Vi v~y vi~c g9P nut con i vci nut me m se lam tang them chi phi ciia phan



LAP qCH TC5I U1J TRaNG co' so mr LI¢U SONG SONG 93

dean Iii.ti - Cim. Vi~c sl{p xep cac nut con cua nut me theo thrr t¥· khOng giam cua t, - Cim Iii.din
.thiet de' ap dung diroc cac B5 de 4.1.1, 4.1.2 va Dinh ly 4.1.1.

Thu~t toan BpSchedule trong trrrong hop co chi phi truyen thOng diro'c viet lai nhtr sau:

Thu~t toan 4.2.1 Bp Schedile.Cost
Input: Cay toan trl- T; c~n B.
Output: Phan hoach T thanh cac Fl, ... ,Fp sao cho cost(F;) ~ B vo'i i = 1, ... ,p - 1.
Method:

1. scLnhiLcl{t = 0
2. While (ton t~i mot nut mt;!m) vii. (so..nhaLcl{t < p - 1)
3. Gia srl- m co d nut con 1'1, ... ,Td voi tri - Crim ~ ..• ~ trd - Crdm

G9i n nut la nut me cua m
4. Chon s ~ d, s Iii.gia tri km nhat thoa: tm + Cmn + L: tri + L: Crim ~ B

l~i~. .+l~i~d5. FOT j = 1 to s do
6. collapse( mj 1',)
7. FOT j = S + 1 to d do

Begin
8. Cut(mj 1')
9. so_nhit_d.t = scLnhiLcl{t + 1

End
End while

10. Return [phan hoach lien thOng Fl, ... , Fp)

Tit day ta co thu~t toan de' tlrn phan hoach lien thong co maxl~i~p cost(F;) Iii.nho nhat trong trirong
hop co chi phi truyen thOng nhir sau:

Thu~t toan 4.2.2. Balanced.Cute.Uost
Input: . Cay toan trl- co trong so cua cac canh khac 0

. So bi? xn ly Ia p

Output: Phan hoach lien thong Fl, ... ,Fp sao cho maxl~i~p cost(F;) nho nhat.
Method:

1. B = max(~ L:iEV ti,maX;EV ti)
2. While true
3. Fl, ... ,Fp = BpSchedule(T, B)
4. Ifcost(Fp) ~ B then Teturn F1, ... ,Fp
5. FOT i = 1 to p

Begin
6. k = nut lien ke ciia F;
7. cc = trong so cu a canh noi F; voi k
8. n = nut mt;!cda k
9. B; = cost(F;) + tk - 2cc + Ckn

End
10. B = mini B,

End while
End

Vi du: Xet cay toan tu- ban dau co 21 dinh [Hlnh 4). Sau khi qua giai dean ti'en xU-ly, bhg each
gi?p cac nut t ao boi cac canh khong chap nhan diro'c: (2,4), (10,18), (8,15)' (8,16)' (16,21) ta diro'c
cay don di~u [Hinh 5).
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Hinh 4. Cay toan tu- ban dau
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Hinh 5. Cay toan tu- qua ti'en xU-ly
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Sau khi thirc hi~n qua trlnh M tlm ph an hoach lien thong b~ng each su- dung cac thu~t toan dii
neu & tren ta diro'c cac ket qua sau:
p = 4, EiEV t, = 94 .

• B = 94/4 = 23,5
Fl = {6, 11, 12, 13}, eost(Fd = 17, B; = eost(Fd + t2 - 2C26 + C21 = 17 + 12 - 6 + 5 = 28
F2 = {5, 1O} eost(F2) = 16, B2 = eost(F2) + t2 - 2C25 + C21 = 16 + 12 - 4 + 5 = 29
F3 = {4, 9}, cost(F3) = 21, B3 = cost(F3) + t2 - 2C24 + C21 = 21 + 12 - 8 + 5 = 30
F4 = {1, 2, 3, 7,8,14,15, 16}, cost(F4) = 58 > B4 = eost(F4) + t6 - 2C26 = 58 + 14 - 6 = 66
maxl~i~4 eost(Fd = 53 > B, tiep tuc,
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• B = minB; = 28
L~p B = 28

Fl = {5, 1O}, cost(Fd = 16, Bl = cost(Fd + t2 - 2C25 + C21 = 16 + 23 - 4 + 5 = 40
F2 = {5, 1O}, cost(F2} = 16, B2 = cost(F2} + t2 - 2C25 + C21 = 16 + 12 - 4 + 5 = 29
F3 = {8, 14, 15, 16}, cost(F3} = 27, B3 = cost(F3} + t6 - 2C38 + C13 = 27 + 14 - 6 + 6 = 41
F4 = {l, 2, 3, 6, 7,11,12, 13}, cost(F4} = 39, B4 = coSt(F4} + t6 - 2C25 = 39 + 14 - 4 = 49
maxl:-::;i:-::;4cost(Fd = 39 > B, tiep tuc .

• B = min B, = 40
F1={4,9} cost(Fd=21
F2 = {8, 14, 15, 16} cost(F2} = 24
F3 = {2, 5, 6,10,11,12, 13} cost(F3) = 40
F4 = {I, 3, 7} coSt(F4) = 30
L = maxl:-::;i:-::;4cost(Fd = 40 = B, du-ng.

Cac t~p nay ngan each nhau nhtr (y hlnh diroi day .
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Nhan xet, Thu~t toan se cho ket qui tot nhat trong tru'ong hop cay toan ttr path (path la cay toan
ttr chi co hai nut la) va cho ket qua xau nhat trong tru'ong hop cay toan ttr la star (star la cay toan
ttr chi co m9t rmit khOng phai la nut la con toan b9 cac nut khac la nut la). Thong thtro'ng thl neu
cay toan ttr ma b~c cac dinh cang be thl thu~t toan cang hi~u qui.

6. KET LU~N

Bai bao dii d'e xuat thu~t toan l~p lich truy va:n toi tru cho cay toan tu' dang ong co tinh den chi
phi truyen thong. Trircng hop khOng tinh den chi phi truy'en thong dii diro'c Hasan giii quyet nam
1995. Tuy nhien, trong tlnrc te voi nhirng rnang may tinh nho ho~c sieu may tfnh ta co th€ b6 qua
chi phi truyen thong, nhirng vo'i nhirng m~ng may tinh Ian thl chi phi truyen thOng anh htrcng kha
Ian den thai gian truy van thOng tin. Qua m9t so thli' nghiern khai thac CSDL tir cac trang WEB
ta thay khau cham nhat la khau chuydn tii thOng tin tir CSDL len trang WEB va ngiro'c lai. Co
the' giii thich ly do nay la do cac chiro'ng trlnh tro' giiip vi~c chuyen tii dir li~u, vi du cac thO. tuc
truy nh~p diro'c viet bhg ngon ngir JAVA, thl do ban chat thOng dich cua ngon ngir nen cac thao
tac truy nhap thOng tin cham m9t each dang ke' so voi (y CSDL t~p trung.
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