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THUAT TOAN QUI HOACH DPONG CHO BAI TOAN LAP LICH TOI UU
TRONG CO SO DU LIEU SONG SONG

NGUYEN XUAN HUY, NGUYEN MAU HAN

Abstract. This paper suggests an algorithm to define an optimization schedule for the pipelined operator
trees in multiprocessor computing system in which the dynamic distribution method will be considered.

Tém tdt. Bai bio nay dwa ra moét phwong phép tim kiém lich truy vin t8i uu cho ciy todn tid dang &ng
trong mdi trwdng da xd 1f bing cich st dung phwong phap qui hoach déng.

1. GIOT THIEU

Khi mét cau truy vin SQL dwoc chuyén dén, bd t3i wu cda cac hé qudn tri co s& dir lidu truée
tién phdi tién hanh sip xép cic phép toan theo cic chién lwoc t8i wu dinh sin dé thoi gian trd 1o
truy vin 13 it nhat. Trong méi truwong da xi 1i, ngoii viéc sip xép mdt cach hop 1y cdc phép todn,
bd t81 wu con phdi gidi quyét ti€p bai todn 14p lich t8i wu nghia 13 tim mdt ké hoach phan cdng céc
cdng viéc cho cidc bd xi 1i d€ thoi gian hoan thanh 13 ngin nhit. Bai todn l4p lich t8i wu cho ciy
truy vin 1a bai todn NP-Khé [9], nhigu téc gii da gidi quyé&t bai todn nay bing cich dwa bai todn vé
dang don gidn hon, c6 d6 phitc tap da thirc, bing cach thuc hién cdc phép gbp cic nit (collapse) va
x6a cdc canh (cut) d€ chuyén mét ciy toan ti phirc tap thanh cdy todn t& don diéu [8], sau dé sé
tim mdt phan hoach lién théng t8i wu cho cic nit cia ciy todn ti va chuyén cic cdy con vio cic bd
xt lf twong tng. Trong bai bdo niy ching t6i dé xuit cach tim ki€m lich truy vdn t8i wu cho cdy
todn ti dang 8ng (pipeline operator tree) bing phuong phip qui hoach déng va cac két qud cia li
thuy&t db thi hitu han. Gid s& T = (V, E) 13 ciy toin ti dang Sng, ta c6 thé xem T 1a mét db thi cd
huéng, khéng khuyén, lién théng, c6 trong s8, cdc todn ti 13 cAc nit cda ciy, cdc canh véi chi phi
truyén théng cda ciy Id cic cung véi trong sd twong tng. Viéc xac dinh lich t8i wu cho ciy todn ti

da cho ddng nghia véi viéc tim mét phan hoach cdc nit cda cdy Fy,..., Fy,, véi tip Fi 1a cdc nit
dugc phan cho bd xi li thir k, sao cho L = max cost(F;) dat cuc ti€u.
1<i<p

2. MOT SO PINH NGHIA VA KHAI NIEM LIEN QUAN
Dinh nghia 1.

e Cdy truy vdn chi gidi (annotated query tree) 1a ciy truy van cho biét thi tu thuc hién méi phép |
todn va phuong phap tinh toin mdi todn t&. MOGi nit trén ciy dai dién cho mét (hay nhiéu) phép
todn quan hé. Nhirng ghi chd trén mdi ntit mé ti cich né dwgc thuc hién chi ti€t nhw thé nao.

e Ciy todn td (operator tree) dung dé md td cic phép todn song song dé thuc hién cdy truy vin
twong Ung ciing nhu cdc rang budc vé thdi gian giita ching. Trudng hop cic todn ti trén ciy la
todn td dang Sng (pipelined operator) thi ta cé ciy toén ti dang &ng [8].

Dinh nghia 2. Cho p bd xtt lf va ciy todn t& T = (V, E), trong dé V 14 tip cic nit, E la tip cac
canh. Lich truy vin cda T 13 mét phan hoach tir cdc ndt thanh p tip Fi,..., F, v6i tap Fi la céc
nit dwoc phan cho bd xi li thi k.

Dinh nghia 3. Phit bi€u bai toin 1ap lich ciy todn ti& dang Ong:

Input: Cay todn t& T = (V, E); t; 13 trong s8 cda nit thi ¢; c;; 13 trong s8 cda canh (i,7) € E; p 14
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s0 bd xt 1i.
Output: Mot lich truy van véi thoi gian trd 161 cuc ti€u. Nghia 13, mét phép phin hoach V thanh
cic tdp F1, ..., F) sao cho maxj<k<p D iep, (8 + EMF,C ci;) 12 cuc tiéu.
Thoi gian trd 161 L cda mét lich truy van dwoc tinh tir thoi gian cic todn td dang 6ng khdi
déng dong thoi cho dén todn ti cudi cling hoan tit cong viéc. Khi d6 céc todn ti thwe hién nhanh

phdi “do1” cdc todn td& thuc hién chim.

Dinh nghia 4. Néu F 13 mét tip toan ti thi chi phi tdi cda mdt bd xi& 1i d€ thuc hién F dwoc xic
dinh b&i cost(F) = 3 e p, (ti + 2 ¢ p, cis)-

3. TIM LICH TRUY VAN TOI UU BANG PHUONG PHAP LAP TRINH DONG

Dwa vao tu twéng lap trinh va thudt todn xic dinh xic dinh truy vin bing dudng ting ludng
sé dwoc md t3 dwéi day, ching ta sé xiy dung thuit toin téng hop bing phuong phip lip trinh
déng, c6 d6 phirc tap da thic, d€ xdc dinh lich truy vin t8i wu cho ciy todn ti& dang dng.

3.1. Thuit todn phan phdi ludng [6,7|

Lich truy vin cda mét cdy todn ti& véi p bd vi xi& If 1a mot phan hoach F,..., F, gdbm céc niit
cla ciy todn ti, trong dé F; chtra cac nit dwoce dinh vi cho bd xt If thi 2. Thoi gian trd 161 L cda
lich truy vin 13 khodng thdi gian ma mot bd xi lf ndo d6 thuc hién cdng viéc cda minh chim nhit,
nghia 13 L = max;<;<p cost(F;), diy chinh 12 ham dich ma ta cin di€u chinh dé né ti€n vé gid tri

bé hon néu c6 thé. Trong tit cd cic chisd i € {1,...,p} mi cost(F;) dat max, ta sé chon mét gid
tri +* ndo dé ma ton tai mot day ¢y, J1,... ,%r, Jr, tr+1 thda cic dieu kién sau:
® ’1:1 = ’l:*.

e k€F,, 1<k<r.
o cost(FyU{gk—1|tk =% 2<k<r+1}\{k|ik=1, 1<k <r}) <cost(Fi+) vé6ii =1,...,p

va qui wéc 5o & Fi, .

Ta thiy ring néu tim dwoc mét diy nhu trén thi c6 thé gidm cost(F;) xuéng ma khéng lam
tdng gid tri L hién c6 bing cich thay cic tip F;, bang cac tip méi F;, U {sk—1}\ {sk} cling véi céc
ditu kién trén. Nhu vdy mdi lin duwoc mét 1 nhu thé thi sé gidm mat mot F; cé cost(F;) dat max,
qué trinh ndy ct ti€p tuc thi sé c6 xu hwéng lam gidm gid tri cda L. Trong trudmg hop khéng tim
dwgc mot gid tri +* thda tinh chit da néu thi thuit todn két thic. Bdi vi mbi F; nhw thé chi dwogc
x6t nhiéu nhat mot 1an nén sau mot s8 hiru han buéc thuit todn sé dirng.

Chiing ta s& ding thuit toin phén chia céng viéc Dividing duwgc mé t3 duéi diy dé tao nén
mdt lich truy vdn ban dau. Thuit todn niy chi bdo ddm v& mit can bing tdi ma khéng bdo ddm
chi phi truyén thong.

Phét biéu bai todn: Gii st ¢é p bd xi& i, N cdng viéc z1,... ,zx cb thdi gian thwe hién lin lugt 13
t1,... ,tny. MOi cong viéc ¢6 thé thwe hién trén mét b xi 1i bat ky nhung phdi thuc hién tron ven.
Hay tim cich phin chia N cdng viéc cho p bd xi li sao cho thoi gian hoan thanh 13 nhanh nhit.

Thuat todn 3.1. Dividing

Input: N cong viéc z1,... ,zy va thoi gian thuc hién twong tng t1,...,tn, p 1a s6 bd xi 1i.
Output: Phin hoach Fy,... , F, sao cho cic F; cé tii gdn bing nhau.
Method:

ks (Fl,...,Fp) :=@

2. JOBS := {ZIZ]_,... ,ZN}

repeat
Chon F; théda cost(F;) = min;<k<p cost(Fk);
Chon z; thda t; = max,,cj0Bs tk;

o
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5. F; == F; U {z,};
6. JOBS:=JOBS\{z;};
until (JOBS = §);
7. return (Fy,...,F,);
end.

Thudt todn tim dwdng ting ludng dwoc mo td chi ti€t nhu sau.
Procesure Flow_Distribution (Fy,... , Fp)
Begin
1. Goi ham Dividing — Fy,..., F, /*x4c dinh lich ban diu*/
2. Whaile true

Begin
3. Find_Increasing_Flow /*him tim cich ting luéng*/
4. If (Find_Increasing_Flow(Fy,. .., F2) =null) then

return (Fy,..., Fp) /*n€u khéng tim thdy dwdng ting ludng thi két thic*/

5. Else
6. Fori:=1top do )
7. Fi=FU{ke1]ix=14, 2<k<r+1}\{|ir =5 1<k <r}

End
End

Tir thuit todn ta thiy ring yéu t6 quyét dinh cho hiéu qud cda thudt todn chinh 13 him tim
dudng ting ludng 1y, 71, . .. ,%r, Jr,tr+1 (r > 0). Tasé xiy dung him ting ludng Find_Increasing_Flow
c6 db phirc tap 13 da thirc. Truéc tién ta dwa vio thuit toin tim dwdng di khong ¢é chu trinh dé
x4y dung diy ting lubng nhw sau:

Function Find_Increasing Flow (Fy,... ,Fp).

Procedure FindPath(z)

Begin /*Tr& vé chuwong trinh con goi né khi ¢é tin hiéu dirng*/
1. If STOP then return:
2. =1
/*Néu day hién thdi thda man thi bat tin hidu dirng va tré vé chwong trinh con goi né*/
3. If cost(F; U {gk—1 |tk =12, 2<t<r+1}\{sk |tk =1, 1 <i<r}) <L then
Begin
4. STOP=true;
5. Return;
End
6. Else /*Nguwoc lai ndi thém néu cé thé*/
7. Begin  /*ting d6 dai cda diy lén*/
8. r=r+1;
/*chon mot phin ti cda tip F; chuyén cho tip khéc d€ F; sau khi digu chinh ludng
cé cost(F;) < L*/
9. For each (op € F;) and (op # 7;)
10. If cost(F; U {gk—1|tk =1, 2<k<r+1}\{sk |2k =%,1< k<r}\{op}) <L then
11. Begin
12. Jr = op;
/*Chon mét tip chwa dwoc chuyén phin ti d€ chuyén tir F; sang tip dé*/

13. Foreach g€ {1,...,p}\ {z1,.:. ,3r} do

Begin
14. FindPath(qg);
15. If (STOP) then return;

"End
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End
16. F=r—1
End
End procedure
Begin
1 STOP = false
L L = mazs{cost(F: )}, & = 1;: - 5p
3. Fori* =1top do
4. If cost(Fy«) = L then
5. Begin
6. r=0;
s Find Path (z*)
8. If STOP then return (21, J1, - -
End
9. Return null;
End function

. :'Lr:]r)'Lr-i-l)

Nhén xét: Trong trudng hop khéng tim duwge dwdng ting ludng thi két qud 13 phan hoach cda thuit
toédn Dividing. Thuidt todn ndy c6 dd phic tap 1a O(nlogzn).

3.2. Thuit todn qui hoach dong cho bai todn lap lich t&i wu

Trong thuit todn nay ching ta sé phan phdi tirng todn ti cho mdi bé xi 1i nhung phai theo
thi ty lién thong cda ciy. Diu tién cho cic tdp Fy,..., F, duwgc gin bing rong. Gid st tai mdi
thoi difm phan phdi ndt m, F, ... , Fp 13 cdc tip chira cic todn t& di dwgc phin phdi twong dng
cho cdc bd xd 11 1,... ,p. Khi d6 sé cé p suw lwa chon phin phéi todn t& m cho p bd xi& li, trong p suw
lwa chon dé ta sé chon cich ndo lam cho L = maxi<;<, cost(F;) dat gid tri nhd nh&t. Thudt todn sé
dirng khi khéng con nit ndo dé phin phdi nira.

/* Thudt todn sé dwoc khdi tao véi F; = ¢, 2 =1,...,p.
Goi thi tuc véi m = 1, véi qui wéc 1 1a dinh géc

Dynamic_Distribution(p, 1)

Xem ciy truy vén 13 bi€n toan cuc */

Proceddure Dynamic_Distribution(p, m)

begin

L min = cost(F; U {m})

2. chon=1

3. fort=2top do

4. if cost(F; U {m}) < min then
begin

5. min = cost(F; U {m})

6. chon=1
end

i Fchon = I'chon U {m}

8. for each 1 thubc tdp cdc nit con cia m

9. Dynamic_Distribution(p, ¢)
end procedure

3.3. Thuit toidn t6ng hop

Trong thuit todn Dynamic_ Distrution ta thiy ring sau khi phin phdi xong mdt nit tai mdt
phan phdi ndo d6 ta c6 mot lich truy vdn cho cay truy van 1a ciy con cida ciy truy van dang tim.
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Tir nhan xét ndy ta c6 thé Iong ghép thuit todn phin phdi ludng & phin trén vio thuit todn, cu thé
la ta goi ham Flow_Distrubution cho cic tap Fy,..., F,. Viéc phan phdi nay sé lam cdi thién gid tri
max;(cost(F;)) rat nhidu va do dé né sé cho két qud 3t hon.

Sau diy la doan chwong trinh mé t4 thuit toan:

/* Thuit toan sé€ dugc khéi tao véi F; = ¢, 1 =1,...p
Goi thi tuc véi m = 1, véi qui wéce 1 14 dinh gdc
Dynamic_Distrubution(p, 1) */

Proceddure Dynamic_Distribution(p, m)

begin
1. min = cost(F; U {m})
2. chon=1
3. fori=2top do
4. if cost(F; U {¢}) < min then
begin
min = cost(F; U {z})
chon=1
end
7. Fehon = chon Y {m}
8. Flow_DistributionFy, ... , F})
9. for each 7 thudc tip cdc nit con cia m do

10. Dynamic_Distribution(p, 7)
end procedure

Vi du. Xét ciy todn t& 16 dinh dwéi diy, véip =4

10 2
Ap dung thuit todn t8ng hop, két qua cdc bwéc thuc hidn dwoc mé ta chi ti€t nhur sau:
K&t qud phan phdi déng m = 1 F()={1}; F(2) ={} FB)={}L F(4) ={}

Két qud sau khi diéu chinh bang thuit todn ludng:
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F()={1} F(2) ={} F)={} F(4) ={}
Két qué phan phdi dong m = 2 F(1)={1} F(2) ={2}; F3) ={} F(4) ={}
K&t qud sau khi digu chinh bang thuit todn ludng:
F(1)={1}; F(2) = {2}, F(8) ={} F(4) = {};
K&t qud phan phdi déng m = 4 F(l)={1}; F(2) ={2}; F3)={4}; F(4) ={};
Két qud sau khi di€u chinh bing thuit todn ludng:
F(1) = {1}; F(2) = {2}; F(3) = {4}; F(4) = { };
Két qud phan phdi dong m = 9 F(1) = {1}; F(2) = {2}; F(3) = {4}; F(4) = {9};
K&t qud sau khi digu chinh bing thuit todn lubng:
F(1) = {1}; F(2) = {2}; F(3) = {4}; F(4) = {9};
Két qud phan phdi dong m =5 F(1) = {1}; F(2) = {2,5}; F(3) = {4}; F(4) = {9};
K&t qud sau khi didu chinh bing thnit todn ludng:
F(1) = {5}; F(2) = {1}; F(3) = {2}; F(4) = {4,9};
Két qua phan phdi déng m = 10 F(1) = {5,10}; F(2) = {1}; F(3) = {2}; F(4) = {4,9};
K&t qud sau khi diéu chinh bing thuit todn ludng:
F(1) = {5,10}; F(2) = {1}; F(3) = {2}; F(4) = {4,9};
K&t qud phan phéi déng m = 6 F(1) = {5,10}; F(2) = {1}; F(3) = {2,6}; F(4) = {4,9};
K&t qud sau khi diéu chinh bing thuit todn ludng:
F(1) = {5,10}; F(2) = {1}; F(3) = {2,6}; F(4) = {4,9};
Két qud phin phdi déng m = 11 F(1) = {5,10,11}; F(2) = {1}; F(3) = {2,6}; F(4) = {4,9};
Két qud sau khi diéu chinh bing thuit toin ludng:
F(1) = {5,10,11}; F(2) = {1}; F(3) = {2,6}; F(4) = {4,9};
Két qud phin phdidéng m =12 F(1) = {5,10,11}; F(2) = {1,12}; F(3) = {2,6}; F(4) = {4,9};
K&t qud sau khi diéu chinh bing thuit todn ludng:
F(1) = {5,10,11}; F(2) = {1,12}; F(3) = {2,6}; F(4) = {4,9};
Két qud phan phdi dong m = 13

F(1) = {5,10,11}; F(2) = {1}; F(3) = {2,6,13}; F(4) = {4,9};
Két qud sau khi diéu chinh bing thuit toin ludng:
F(1) = {6,11,12,18); F(2) = {1,2); F(3) = {5, 10}; F(4) = {4,9);
Két qud phan phdi déng m = 3

F(1) = {6,11,12,13}; F(2) = {1,2,3}; F(3) = {5,10}; F(4) = {4,9};
K&t qud sau khi diéu chinh bing thuit toin ludng:
F(1) = {2,6,13}; F(2) = {5,10,11,12}; F(3) = {1,3}; F(4) = {4,9};
K&t qud phan phdi déng m =7 .
F(1) = {2,6,13}; F(2) = {5,10,11}; F(3) = {1,3,7}; F(4) = {4,9};
Két qud sau khi diéu chinh bing thuit todn ludng:
F(1) = {1,2,6}; F(2) = {5,10,12,13}; F(3) = {3,7}; F(4) = {4,9,11};
Két qua phan phdi déng m = 8
(1) = {1,2,6}; F(2) = {5,10,12,13}; F'(3) = {3,7,8}; F(4) = {4,9,11};
Két qud sau khi diéu chinh bing thudt todn ludng:
F(1) = {1,3,7}; F(2) = {2,6,12,13}; F(3) = {5,8,10}; F(4) = {4,9,11}
Két qud phan phdi dong m = 14
F(1) = {1,3,7); F(2) = (2,6,12,18}; F(3) = {5,8,10,14}; F() = {4,911}
K&t qud sau khi diéu chinh bing thuit todn lubng:
F(l) ={1,3,7}; F(2) = {6,8,11,12,13}; F(3) = {5,10,14}; F(4) ={2,4,9};
Két qud phan phdi déng m = 15
F(1) = {1,3,7}; F(2) = {6,8,11,12,13}; F(3) = {5,10,14,15}; F(4) = {2,4,9};
Két qud sau khi diéu chinh bang thuit todn ludng:
F(1) = {5,6,10,11,13}; F(2) = {8,12,14,15}; F(3) = {1,3,7}; F(4) ={2,4,9};
Két qud phan phdi déng m = 16
F(1) = {5,6,10,11,13}; F(2) = {8,12,14,15,16}; F(3) = {1,3,7}; F(4) = {2,4,9};
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Két qud sau khi diéu chinh bang thuit todn ludng:
F(1) = {5,6,10,11,13}; F(2) = {8,12,14,15,16}; F(3) = {1,3,7}; F(4) = {2,4,9};
Lich truy vin két qué tim dwoc:
F(1) = {5,6,10,11,13}; cost(Fy) = 32; F(2) = {8,12,14,15,16}; costF'(2) = 30; F(3) = {1,3,7};
cost F'(3) = 30; F(4) = {2,4,9; costF(4) = 30}.
Vay chi phi thuc hién ciy todn tir & trén 13 L = max;<i<4 cost(F;) = 32.
Véi cdy todn td nay, ching t6i da thi nghiém [7] khi dung thuit todn t8i wu cia Hasan la 40.

4. KET LUAN

Bai bdo da ti€p cin bai todn tim lich truy van t8i wu cho cay toan ti dang dng theo huéng si-
dung phuong phdp qui hoach déng va tw tuwdng cda thuit todn tim dudng ting ludng trong li thuyét
dd thi hiru han. Mic du két qud nay di dwoc cdng b8 bdi Hasan [8] nim 1997 nhung phuong phép
nay c6 thé xay dung nhitng heuristic nhim tim kiém 1&i gidi t8i wu cho cic ciy toan ti phirc tap va
16p céc cdy todn ti hinh sao.
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