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NGUYEN XUAN RUY, NGUYEN ~U RAN

A' A'" A ~

THU~T TOAN QUI HO~CH E>QNG CHO BAI TOAN L~P qCH TOI uu
TRONG co Sa DCr LI~U SONG SONG

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

T6m tlh. Bai bao nay dira ra m9t phtro ng phap ttm kiem lich truy v[n t5i iru cho cay toan tu' dang 5ng
trong moi tnro'ng da xu' li bhg each suodung phiro'ng phap qui hoach d9ng.

1. cror THI~U

Khi m9t cau truy van SQL diro'c chuye'n Mn, b9 t5i tru cua cac h~ quan tri CO's& dir Ii~u truxrc
tien phai tien hanh sltp xep cac phep toan theo cac chien hroc t5i iru dinh sin M thai gian tr<i Iai
truy van Ii it nhat, Trong moi trtrirng da xtr H, ngoai vi~c sltp xep m9t each hop Iy cac phep toan,
bq t5i tru con phai giii quyet tiep bai toan I~p lich t5i U'Unghia Ii tlm mqt ke hoach phan cong cac
cong viec cho cac b9 xtr If M thai gian hoan thanh Ii ngh nhfit. Bai toan I~p lich t5i iru cho cay
truy van Ii bai toan NP-Kh6 [9]' nhieu tac gii dii giii quydt bai toan nay bhg each dira bai toan ve
dang don gian hon, c6 d9 phirc tap da thirc, bhg each thirc hi~n cac phep g9P cac nut (collapse) va
x6a cac canh (cut) d~ chuydn m9t cay toan ttr phirc tap thanh cay toan ttr do'n di~u [8], sau d6 se
tim m9t ph an hoach lien thOng t5i tru cho cac nut cii a cay toan ttr va chuydn cac cay con vao cac b9
xli H tuong irng. Trong bai bao nay cluing toi de xu at each tirn kiern lich truy van toi tru cho cay
toan ttr dang ong (pipeline operator tree) b~ng phuong phap qui hoach d9ng va cac ket qui cua li
thuydt do thi hiru han. Gii s11'T = (V, E) Ii cay toan ttr dang ong, ta c6 th& xem T Ii m9t do thi c6
huang, khong khuyen, lien thong, c6 trong s5, cac toan ttr la cac nut cua cay, cac canh voi chi phi
truyen thOng cila cay Ii cac cung vo'i trong s5 ttrong irng. Vi~c xac dinh lich toi tru cho cay toan tl1-
dii cho dong nghia voi vi~c tim m9t phan hoach cac nut cii a cay Fl, ... ,Fp, vci qp Fk la cac nut
diro'c phan cho bq xtr H thtr k, sao cho L = m<a<xcost(Fd dat C,!Ctdu.

l_,_p

2. MQT s6 D~H NGHIA vA KHAI NI~M LIEN QUAN

D!nh nghia 1.

• Ca.y truy van eM gidi (annotated query tree) Ii cay truy van cho biet thjr t'! thirc hi~n mlii phep
toan va plnrong phap tfnh toan mlii toan ttr. Mlii nut tren cay dai di~n cho mqt (hay nhieu] phep
toan quan h~. Nhirng ghi chii tren m~i nut mo d, each n6 diroc thirc hien chi tiet nhir the nao .

• Ca.y todn. ttt (operator tree) dung M mf t<i cac phep toan song song dg thirc hien cay truy van
ttrong irng cling nlnr cac rang bU9C ve thai gian gifra chiing. 'Irtrong ho'p cac toan t11'tren cay la
toan t11'dang ong [pipelined operator) thl ta c6 cay toan ttr dang ong [8].

D'[nh nghia 2. Cho p bq xtr If va cay toan t13:T = (V, E), trong d6 V Ii t~p cac nut, E Ii t~p cac
canh. Lich truy van cil a T la m9t phan hoach tit cac nut thanh p t~p Fl, ... ,Fp v&i t~p Fk Ii cac
nut diro'c ph an cho b9 xtr H thii' k.

Djnh nghia 3. Phat bi&u bai toan l~p lich cay toan ttr dang ong:

Input: Cay toan ttr T = (V, E)j ti la trong so cua nut thu- ij Cij la trong s5 cii a canh (i, j) E E; p Ia
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so b9 xli, li,

Output: M9t lich truy van vai thai gian td. lai Cl}-'C ti~u. Nghia la, m9t phep phan hoach V thanh
cac t~p F1, ... .F; sao cho max19:-:;p I:iEFk (ti + I:jrtFk Cij) 111.C,!C tigu.

Thai gian td. lai L cua m9t Iich truy van diro'c tinh tit thai gian cac toan tu- dang ong kho'i
d9ng dtng thai cho den toan tli- cudi cling hoan tat cong viec. Khi d6 cac toan tli- tlnrc hien nhanh
phai "doi" cac toan tli- thirc hi~n cham.

D!nh nghia 4. Neu F 111.m9t t~p toan tli- thi chi phi tai ciia m9t b9 xli, H d~ thtrc hi~n F diro'c xac
dinh bci cost(F) = I:iEFk (ti + I:jrtFk Cij).

3. TiM qCH TRUY VAN TOI UTI BANG PHUO'NG PHA.P L~P TRINH DQNG

DV'avao ttr tU'6'ng l~p trinh va thu~t toan xac dinh xac dinh truy van b~ng diro'ng tang luong
se diro'c mo ta diro'i day, chiing ta se xay dimg thu~t toan t5ng ho'p bhg plnro'ng phap l~p trinh
d9ng, c6 d9 phirc tap da thirc, M xac dinh lich truy van toi iru cho cay toan tli- dang ong.

3.1. Thu~t toan phan phdi luong [6,7]

Lich truy van cua mot cay toan tli- vci p b9 vi xli- If 111.m9t ph an hoach F1, ••. ,Fp gtm cac nut
cua cay toan tli', trong d6 Fi clnra cac nut dtro'c dinh vi cho b9 xli' H thrr i. Thai gian tra lai L ciia
lich truy van 111.khoang thai gian ma m9t b{>xli- H nao d6 thuc hi~n cong vi~c ciia mlnh ch~m nhat,
nghia 111.L = max1:-:;i:-:;pcos t(Fi), day chinh 111.ham dich ma ta di.n di'eu chinh M n6 tien ve gia tri
be hen neu c6 thg. Trong tat ca cac chi so i E {I, ... ,p} ma cost(F;} d,!-t max, ta se chon m9t gia
tri i* nao d6 ma ttn tai m9t day i1, ii, ... .i-, i-, ir+ 1 thoa cac dieu kien sau:
• i1= i*.
• Jk E Fik, 1::; k ::; r,
• cost(Fi U Uk-11 ik = i, 2::; k::; r + I} \ Uk I ik = i, 1::; k ::; r}) < cost(Fi*) voi i = 1, ... ,p

va qui iro'c JD i Fik·
Ta thay rhg neu tim diro'c m9t day nhtr tren thi c6 thg giam cost(F;) xudng ma khOng lam

tang gia tri L hien c6 bhg each thay cac t~p Fik bhg cac t~p moi Fik U Uk-1} \ Uk} cung vo'i cac
diEluki~n tren. Nhir v~y m6i fan duoc m9t i nhir the thi se giam mat ffi9t F; c6 cost(F;) dat max,
qua trmh nay cir tiep tuc thi se c6 xu huang lam giarn gia tri ciia L. Trong trtrong hop khong tim
dircc m9t gia tr] i* thoa tinh chat da neu thi thu~t toan ket thuc, B6-i vi m6i Fi nlnr the chi diroc
xet nhieu nhat m9t Ian nen sau m9t so hiru han burrc thu~t toan se dimg.

Chung ta se dung thu~t toan phan chia cong viec Dividing dtroc ma d. durri day d~ tao nen
m9t lich truy van ban dau. Thu~t toan nay chi bao dam ve mi),t can b~ng tai ma khOng bao dam
chi phi truyen thong.

Phat bi€u bai toan: Gia su- c6 p b9 xir l], N cong vi~c Xl, .•• ,XN c6 thai gian thirc hien Ian hrot 111.
t1, ... .tu M6i cong viec c6 thg thirc hien tren m9t b9 xli- H bat ky nhirng phai tlnrc hien tron ven,
Hay tlm each phan chia N cong vi~c cho p b9 xU-H sao cho thai gian hoan thanh Ia. nhanh nhat,

Thu~t toan 3.1. Dividing

Input: N cong vi~c Xl, ,XN va thai gian tlnrc hien tucng irng t1, ... ,tN, p Ia so b9 xU-H.

Output: Phan hoach F1, , Fp sao cho cac F; c6 tai gan b~ng nhau.

Method:
1. (F1, ... ,Fp):=0
2. JOBS:= {Xl, •.. ,XN}

repeat
3. Chon F; thOa cost(F;) = min1:-:;k:-:;pcost(Fk);
4. Chon Xj thoa tj = maxxkEJOBS tk;
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5.
6.

r, := Fi U {xi}j
JOBS:=JOBS\{xi}j

until (JOBS = 0)j
return (F1, ... ,Fp)j7.

end.

Thu~t toan tlm dirong tang luong diroc mo ta chi tiet nhu sau.

Procesure Flow_Distribution (F1' ... ,Fp)
Begin
1. Goi ham Dividing ---> F1, ... ,Fp /*xac dinh lich ban dau */
2. While true

Begin
3. Find _IncreasinL Flow /*ham tlm each tang luong" /
4. If (Find_Increasing_Flow(F1, ... ,F2) = null) then

return (F1' ... ,Fp) /*neu khOng tlm thay dirong tang luong thl ket thiic" /
5. Else
6. For i := 1 to p do
7. Fi = r, U {lie-11 ik = i, 2:::; k:::; r + I} \ {lie I ik = i, 1:::; k:::; r}

End
End

Tir thu~t toan ta thay d.ng yeu t~ quyet dinh cho hi~u qua cua thu~t toan chinh Ill. ham tlm
dirong tang lu6ng i1, is, ... ,ir, i-, ir+1 (r > 0). Ta se xay dung ham tang lu6ng Find_Increasing_Flow
co de? phirc tap Ill. da thirc. Triroc tien ta dira vao thu~t toan tlm diro'ng di khOng co chu trlnh M
xay dung day tang lu6ng nhu sau:

Function Find _Increasing_Flow (F1, ... ,Fp).

Procedure FindPath(i)
Begin /*Tret ve chuxrng trlnh con goi no khi co tin hi~u dirng" /

1. If STOP then return:
2. ir+1 = I;

/*Neu day hi~n then thoa man thl b~t tin hi~u dirng va tret ve chtro'ng trlnh con goi no" /
3. Ifcost(FiU{;ie-1Iik=i, 2:::;i:::;r+l}\{jklik=i, l:::;i:::;r})<Lthen

Begin
4. STOP=truej
5. Return;

End
6. Else /*Ngrrq'c lai noi them neu co thg* /
7. Begin /*tang de? dai cua day len* /
8. r = r + I;

/*ch<;>nme?t phan tu' cila t~p F; chuydn cho t~p khac M Fi sau khi dieu chinh luong
cocost(Fd < L* /

9. For each (op E Fd and (op =I jr)
10. If cost(Fi U {;ie-11 ik = i, 2:::; k:::; r + I} \ {;ie I ik = i, 1:::; »< r} \ {op}) < L then
11. Begin
12. jr = Opj

/*Ch<;>n me?t t~p chira diro'c chuydn phan td- M chuye'n tit Fi sang t~p do* /
13. For each q E {I, ... ,p} \ {i1, ..• ,ir} do

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

End
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End
16. r = r - 1;

End
End· procedure

Begin
1. STOP = false
2. L = max;(cost(Fd), i = 1, ... ,p
3. For i* = 1 to P do
4. If cost(Fi*) = L then
5. Begin
6. r = 0;
7. Find_Path (i*)
8. If STOP then return (il' iI, ... ,i" i-, ir+d

End
9. Return null;

End function

Nh~n xet: Trong trtro'ng hop khOng tlm dtro'c diro'ng tang luong thl ket qua la ph an hoach cua thu~t
tcan Dividing. Thu~t toan nay c6 d9 phirc tap la O(nlog2n).

3.2. Thu%t toan qui hoach d{>ng cho bai toan l%p lich toi U*U

Trong thu~t toan nay cluing ta se phan phdi tirng toan tl1' cho m6i b9 x13:li nhirng phai theo
thti' tv lien thong cii a cay. f)'au tien cho cac t~p Fl, ... ,Fp diro'c gan bhg r6ng. Gia sl1' tai m6i
thO'i di~m phan phdi nut m, Fl, ... ,Fp la cac t~p clnra cac toan t13:da diro'c phan phdi ttro'ng irng
eho cac bi? x13:li 1, ... ,p. Khi d6 se c6 p su' IVa chon ph an phdi roan t13:m cho p bi? x13:If, trong p str
lira chon d6 ta se chon each nao lam cho L = maxl:O:;i:O:;pcost(Fd dat gia tri nhO nhat. Thu~t roan se
dirng khi kh8ng con nut nao M ph an phoi nira.

/* Thu~t toan se diro'c khoi tao voi Fi = </J, i = 1, ... ,p.
G9i thll tuc. vai m = 1, vo'i qui rr&c 1 la dinh gac
Dynamic_Distribution(p,l)
Xem cay truy van la bien toan cvc * /

Proceddure Dynamic_Distribution(p, m)
begin

1. min = cost(Fl U {m})
2. eho n = 1
3. for i = 2 to P do
4. ifcost(Fi U {m}) < min then

begin
5. min = cost(Fi U {m})
6. chon= i

end
7. Fchon = Fchon U {m}
8. for each i thuoc t4p cdc nut con cda m
9. Dynamic _Distribution(p, i)

end procedure

3.3. Thu%t toan t8ng hop

Trong thu~t toan Dynamic _Distrution ta thay rhg sau khi phan phdi xong m9t nut tai mi?t
phan phdi nao d6 ta c6 mi?t lich truy van cho cay truy van la cay con cua cay truy van dang tim.
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Tjr.nhan xet nay ta c6 thg lOng ghep thu~t toan ph an phdi luong 0-phan tren VaGthu~t toan, cv thg
la ta goi ham Flow _Distrubution cho cac t~p Fl, ... ,Fp. Vi~c phan phdi nay se lam cai thi~n gia tr]
maxdcost(Fd) rat nhieu va do d6 n6 se cho ket qua tot hem.

Sau day la dean chirong trinh me d, thuat toan:

/* Thu~t toan se diro'c khci tao vai Fi = ¢, i = 1, ... P
G<?ithu tuc voi m = 1, voi qui iroc 1 la dinh goc
Dynamic_Distrubution(p, 1) */

Pa-oced dur-e Dynamic_Distribution(p, m)
begin

1. min=cost(FlU{m})
2. cho n = 1
3. for i = 2 to P do
4. ifcost(Fi U {i}) < min then

begin
5. min = cost(Fi U {i})
6. chon= i

end
7. Fchon = Fchon U {m}
8. F'lowDistribution.Fj , ... ,Fp)
9. for each i thu<?c t~p cac nut con ciia m do
10. Dynamic _Distribution(p, i)

end procedure

Vi d'/fo. Xet cay toan ttr 16 dinh dtroi day, voi p = 4

5

5/ "<, 6<,
5+-,

3

4/ I? "-..3 5/ ~3

/0,z
~I~

2.2J @
7 10 ~ 2 7

10 2

Ap dung thu~t toan t5ng hop, ket qua cac biroc thu'c hi~n diro'c me tA chi tiet nhir sau:

Ket qua ph an phdi d9ng m = 1 F(l) = {i}, F(2) = {}j F(3) = {}j F(4) = {}j
Ket qua sau khi di'eu chinh bhg thu~t toan luong:
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F(l) = {l}; F(2) = {}; F(3) = {}; F(4) = {};
Kgt qua phan phoi di?ng m = 2 F(l) = {1}; F(2) = {2}; F(3) = {}; F(4) = {};
Ket qua sau khi dieu chinh bhg thu~t toan luong:
F(l) = {1}; F(2) = {2}; F(3) = {}; F(4) = {};
Kgt qua phan phdi di?ng m = 4 F(l) = {1}; F(2) = {2}; F(3) = {4}; F(4) = {};
Ket qua sau khi dieu chinh bhg thu~t roan luong:
F(l) = {1}; F(2) = {2}; F(3) = {4}; F(4) = {};
Kgt qua phan phdi di?ng m = 9 F(l) = {1}; F(2) = {2}; F(3) = {4}; F(4) = {9};
Ket qua sau khi dieu chinh bhg thu~t toan luong:
F(l) = {1}; F(2) = {2}; F(3) = {4}; F(4) = {9};
Ket qua phan phdi di?ng m = 5 F(l) = {l}; F(2) = {2,5}; F(3) = {4}; F(4) = {9};
Ket qua sau khi dieu chinh bhg thll~t toan luong:
F(l) = {5}; F(2) = {l}; F(3) = {2}; F(4) = {4, 9};
Kgt qua phan phdi di?ng m = 10 F(l) = {5, 1O}; F(2) = {1}; F(3) = {2}; F(4) = {4,9};
Kgt qua sau khi dieu chinh bhg thu~t toan luong:
F(l) = {5, 1O}; F(2) = {1}; F(3) = {2}; F(4) = {4, 9};
Kgt qua phan phdi di?ng m = 6 F(l) = {5, 1O}; F(2) = {l}; F(3) = {2, 6}; F(4) = {4, 9};
Ket qua sau khi dieu chinh bhg thu~t toan luong:
F(l) = {5, 1O}; F(2) = {1}; F(3) = {2,6}; F(4) = {4, 9};
Kgt qua phan phdi di?ng m = 11 F(l) = {5, 10, 11}; F(2) = {1}; F(3) = {2,6}; F(4) = {4,9};
Ket qua sau khi dieu chinh bhg thu~t toan luong:
F(l) = {5, 10, 11}; F(2) = {1}; F(3) = {2, 6}; F(4) = {4, 9};
Kgt qua phan phdi dong m = 12 F(l) = {5, 10, 11}; F(2) = {1, 12}; F(3) = {2,6}; F(4) = {4,9};
Ket qua sau khi dieu chinh bhg thu~t toan luong:
F(l) = {5, 10, 11}; F(2) = {1, 12}; F(3) = {2,6}; F(4) = {4,9};
Kgt qua phan phdi di?ng m = 13

F(l) = {5, 10, 11}; F(2) = {1}; F(3) = {2, 6, 13}; F(4) = {4, 9};
Ket qua sau khi dieu chinh bhg thu~t toan luong:
F(l) = {6, 11,12, 13}; F(2) = {1, 2}; F(3) = {5, 10}; F(4) = {4, 9};
Ket qua phan phdi di?ng m = 3

F(l) = {6, 11, 12, 13}; F(2) = {l, 2, 3}; F(3) = {5, 10}; F(4) = {4, 9};
Ket qua sau khi dieu chinh bhg thu~t toan luong:
F(l) = {2, 6, 13}; F(2) = {5, 10, 11, 12}; F(3) = {1, 3}; F(4) = {4, 9};
Ket qua phan phdi di?ng m = 7
F(l) = {2,6, 13}; F(2) = {5, 10, 11}; F(3) = {1, 3, 7}; F(4) = {4, 9};
Ket qua sau khi dieu chlnh bhg thu~t toan luong:
F(l) = {1, 2, 6}; F(2) = {5, 10, 12, 13}; F(3) = {3, 7}; F(4) = {4, 9, 11};
Kgt qua ph an phdi dong m = 8
F(l) = {1, 2, 6}; F(2) = {5, 10, 12, 13}; F(3) = {3, 7, 8}; F(4) = {4, 9, 11};
Ket qua sau khi dieu chinh bhg thu~t toan luong:
F(l) = {1, 3, 7}; F(2) = {2, 6,12, 13}; F(3) = {5, 8, 1O}; F(4) = {4, 9, 11};
Ket qua phan phdi di?ng m = 14
F(l) = {1, 3, 7}; F(2) = {2, 6,12, 13}; F(3) = {5, 8,10, 14}; F(4) = {4, 9, 11};
Kgt qua sau khi dieu chl.nh bhg thu~t toan luong:
F(l) = {1, 3, 7}; F(2) = {6, 8,11,12, 13}; F(3) = {5, 10, 14}; F(4) = {2, 4, 9};
Ket qua phan phoi di?ng m = 15
F(l) = {1, 3, 7}; F(2) = {6, 8,11,12, 13}; F(3) = {5, 10, 14, 15}; F(4) = {2, 4, 9};
Ket qua sau khi dieu chinh bhg thu~t toan luong:
F(l) = {5,6, 10, 11, 13}; F(2) = {8, 12, 14, 15}; F(3) = {1, 3, 7}; F(4) = {2, 4, 9};
Kgt qua phan phdi di?ng m = 16
F(l) = {5, 6,10,11, 13}; F(2) = {8, 12,14,15, 16}; F(3) = {1, 3, 7}; F(4) = {2, 4, 9};



28 NGUYEN XUAN HUY, NGUYEN MA.U HAN

Ket qua sau khi di'eu chinh bhg thu~t toan luong:
F(l) = {5, 6,10,11, 13}; F(2) = {B, 12, 14, 15, 16}; F(3) = {1, 3, 7}; F(4) = {2, 4, 9};
Lich truy van ket qua tlm diro'c:
F(l) = {5, 6,10,11, 13}; cost(Fd = 32; F(2) = {B, 12, 14, 15, 16}; costF(2) = 30; F(3) = {1, 3, 7};
costF(3) = 30; F(4) = {2, 4, 9; costF(4) = 30}.

V~y chi phi thu'c hien cay toan ttr 6- tren la L = maXl::;i::;4cost(F;) = 32.
VO'i cay toan tu: nay, cluing toi dii. th1i"nghiem [7] khi dung thu~t toan toi U"U cua Hasan la 40.

4. KET LU~N

Bai bao dii. tiep c~n bai toan tlrn lich truy van toi U"U cho cay toan ttr dang ong theo huang su'
dung phuong phap qui hoach di?ng va ttr tu&ng cua thu~t toan tim duong tang luong trong If thuyet
do th] hfru han. M~c du ket qua nay dii. diroc cong bO b&i Hasan [B] nam 1997 nhirng phiro'ng phap
nay co th€ xay dung nhirng heuristic nHm Urn kiem lai giai toi U'U cho cac cay toan ttr phirc tap va
lap cac cay toan tu' hlnh sao.
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