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Viéen Cong nghé thong tin, Vién Khoa hoc va Cong nghé Viét Nam

Abstract. The paper describes a representation of POT by n X n characteristical square matrix and
therefore, every operations on the POT such as cutting of the child vertices from the father’s vertex,
collapsing of child vertices to the father’s vertex, local cuttings, finding the optimal query schedule
and the cost balance,..., on the POT that are performed easier using the algorithms and processing
of array and model programming language.

Tém tit. Bai bdo dé xuit cich biéu bién POT bang ma tran dic trung vuong n x n. Tir d6 moi
thao tac trén POT nhwr tach cdc dinh con khéi dinh cha, gop céc dinh con vao dinh cha, nhat cét
cuc bo, tim lich truy van t6i wu va cAn bang tai,..., cho POT sé dwogc thire hién dé dang khi sir dung
cdc thuat todn va cdch xt 1y méng va ngon ngir 14p trinh hién dai.

1. MO PAU

Khi can xit Iy mot van dé nao dé bang méy tinh, néu van dé d6 c6 thé chia nhd dwoc va
cac phan dé dwoc thire hién song song thi s& it ngan thoi gian hoan thanh, tiét kiém cac chi
phi tiém nang, gidi quyét dugce ciac van dé 16n va phire tap.

Céc kién tric mdy tinh hién tai dang ngdy cang dwa vao kha ning song song héa phan
cting dé cai thién hiéu sudt nhw: C6 nhiéu don vi thire hién, ding céc chi lénh dwong dng
(Pipelined Instructions), da nhan (Multi-core). Hon nita céc thiét bi phan ciing hién rat san
c6 va ré tien.

Céc hé diéu hanh da bo x1t 1y quan tri cdc tién trinh, quan tri bo nhé, quan tri tai nguyén
vA quan tri cdc tép: hodic 1a m& rong va phat trién tir nhitng hé don bo xit Iy dé chay dwroc
trén cdc kién tric song song nhir VMS, VNIX, hodc 1a dwoc thiét ké riéng cho céc kién triic
song song nhir hé Hydra, Medusa ctia Carnegie Mellon University va cdc hé diéu hanh tong
hop dwoce thiét ké dé cai diat diroce trén cac kién tric song song khéac nhau, vi du nhw MACH
Multi processor.

Mot s6 ngon ngir 1ap trinh ¢6 thé dung d¢ 1ap trinh song song nhir Ct+, FORTRANOO,
ORACLE, LOTUSNOT.,..., da dwoc sitr dung dé thé hién cdc bai todn xit ly song song va
phan tan.
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Giai céc bai toan trén ciy toan tir duwong ong da duwoc sir dung dé gidi cdc van deé 16m,
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phitc tap nhw dir bdo thoi tiét, bao, dong dat, séng than, mo hinh sinh théi, ... Viéc lap lich
t6i wu cho cay todn tir déng gép mot phan khong nhd trong muc dich doé.

Cay todn tir 1a cAy ma moi dinh 1a mot todn tik, canh ndi hai dinh cho biét hai hai todn
tit d6 c6 trao doi dir lisu. Nhuwr da biét [5,6], mot cAy todn tit twong ttng mot - mot véi mot
ma tran, ching ta goi ma tran twong rng v4i cay todn tir 1a ma tran diac trung cua cay do.

Cay todn tir ma mot s6 todn tir ciia né c6 thé thire hién song song, dit liéu ra cia todn
tir nay c6 thé 1a dir litu vao cla todn tir kia diroc goi 1a cay todn tir dang dwomg ong POT
(Pipelined Operator Tree).

Lap lich t6i wru cho cay toan tir POT la tim kiém mot cdch phan chia hop 1y cédce dinh cia
cay toan tir cho cdc bo xir If A€ thoi gian trd 1oi truy van it nhat. Lap lich cho cay toan tik
POT la bai toan NP-khé. Bai toan loai nay dwoc dwa ve dang don gidn hon bang cach ding
cac thuat toan cit cdc canh, gop cac dinh dé chuyén tir mot cay phire tap thanh cic cay toan
tir don gidn hon ma van khong lam méat y nghia cia viéc song song hoéa.

Cho POT T = (V, E), trong d6 V la tap céc dinh, E 1a tap cdc canh.

Ma tran dac trung cia POT dwoc goi 1a POM (Pipelined Operator Matrix). Khi da c¢6
ma tran dac trung POM ching ta c¢é thé tim lich truy van t6i wu, can bang tai trén POT ...
bang céch thirc hién trén ma tra. Dieu nay tao ra kha nang xir Iy POT t6t hon vi khi da cé
ma tran thé hién cay todn tit, ta diing cdc thuat toan xir Iy ma tran dé thay cho xit Iy trén
cay sé dé dang va nhanh hon.

Gidi cac bai todn trén cdy toan tir dirdmg ong bang ma tran dic trung cia né, hién chwa

c6 tai litu ndo dé cap gidi quyét.
2. THE HIEN CAY TOAN TU POT BANG MA TRAN DAC TRUNG POM

Cho cay todn tir dwomg éng POT T = (V, E), trong do,

V = {ili € N} 1a tap céc dinh, hay con la toén ti;

WT = {t;|i € V} 1a tap céc trong s6 tai dinh i (chi phi & toan tir );

E ={(i,7)} 1a canh néi 4 véi j (canh nay ton tai khi va chi khi ¢6 su truyen s6 lieu tir i
dén j);

WC = {c¢;jli <j;i,j € V}latap cdc trong s6 trén canh (chi phi truyén dir li¢u tir todn
tir ¢ dén toan tir 7).

Ta xay dung ma tran dac trung POM cia POT nhu sau (xem POT trén Hinh 1 va POM
trén Bang 1):

1) Hang thit nhdt va cot thit nhat thé hién dinh cia POT;

2) Hang thit hai va cot thit hai thé hién trong s6 dinh cia POT;

3) Giao ctia hang ¢ v6i cot j 1a trong s6 ¢; ;. Khi viét ¢; ; hodc (i, ) nghia la hang ¢ 1a

hang con cia hang cha j. Vi cau tric cia POT nén trong POM moi con i chi c6 mot cha j
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duy nhat, vi vay chi ¢c6 mot j sao cho ¢; j # 0 va ¢;;, = 0 véi moi k # j.
Nhan zét

cii =0 V.

Néu m 1a 14 thi ¢; , = 0 Vi.

Mbi hang i c6 nhiéu nhat mot m dé ¢;m # 0 (do méi dinh con i ¢6 nhieu nhat mot dinh
cha). Chang han, trén Hinh 1 dinh con 3 chi ¢6 mot dinh cha la 8 nén trong Bang 1 chi cé
c3g #0, con c3j =0Vj #8).

Mbi cot m c6 thé cé nhieu i dé ¢y # 0 (do moi dinh cha m ¢ thé ¢ nhiéu dinh
con). Chang han, trén Hinh 1 dinh cha 8 chi c6 3 dinh con 14 3, 4, 5 nén trong Bang 1 cé
38 =2, cug=1vacsg=3).

Trong POM chi c¢6 thé c6 ¢;; # 0 khi i < j.

Hai hang i va j dwgce goi 1a 6 lién déi véi nhau néu ton tai day cix, # 0, ik, 7 0, hodc
Chyky # 0, .0y Chp; # 0, hodc ¢, # 0.

Chang han, trén Hinh 1 dinh 2 va 3 lién thong nén trong Bang 2 ¢6 co7 = 11 # 0; ¢7.10 =
5 # 0;¢10,11 = 2 # 0;c11,8 = 0 nhung cg 11 = 1 # 0;¢c83 = 0; nhung c38 = 2 # 0. Vay theo
quy wée cac hang 2 va 3 lién déi véi nhau.

Céc hang trong POM déu lién déi véi nhau, diéu ndy twong dwong véi nghia POT bao
gior cting la cay lién thong.

+ Néu cay ¢6 n dinh thi ma POM tran vuong (n + 2)(n + 2).

Hinh 1. POT

Bdng 1. POM tng v6i POT

Hang |1 |23 |4 |56 7 819 (10 ] 11
Hang | ti 3132|7107 21214
1 7 0
2 3 0 11
3 3 0
4 2 0 1
5 7 0
6 10 0 4
7 7 0 5
8 2 0 1
9 2 0 17
10 4 0 2
11 1 0
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3. BAI TOAN LAP LICH

3.1. Mot s6 dinh nghia, thuat todn gop, tach va khai niém lap lich
Pinh nghia 1. Tai tai hang i 1a s6
li=ti+ Cim+ Y Chi,
k<i
trong dé m 1a hang cha, cong thitc nay thé hién viéc tinh tdi cia hang i 1a phép cong cot
i (trir hang 1 14 ky hiéu hang) va cong véi chi phi truyén thong tir hang ¢ 1én hang cha m
néu nhwr i con hang cha m. DE biét hang i con hang cha m hay khong, ta chi can kiém tra
c6 ton tai m nao dé dé ¢im # 0 hay khong ma théi. Chéng han trong Bang 1 xét hang 8 c¢6
ts = 2,c38 = 2;c48 = 1;¢58 = 3; khi kém tra hang 8 thiy c¢6 cg,11 = 1, thi m = 11 la hang
cha cia hang 8, vay s =2+1+2+1+3=0.
Pinh nghia 2. Goi F, 1a mot tap con bay ky cdc hang ¢ cia POM, tai tai trén Fy, ky hi¢u
Tai(Fy), 1a s6
L,= Z (ti + cim + Z Chyi)-
i€F, k<i

Chang han, trong POM 6 Bang 1, xét tap Fy = {7,8} thi tai F} 13

I, = Z (t; + Cim + Z Ck,i)
1€{7,8} k<i
—tr+cr10+ Y k7 + (s + s+ Y crg)
k<7 k<8

= (T+5+11)+(2+1+2+143)=35.

Pinh nghia 3. Lich truy van trén POM la viéc phan chia cdc hang cia POM thanh p tap
(Fy, ..., Fp) (nhw vay F 1a tap cdc todn tir dwge dinh vi trén bo xir 1y ¢), sao cho L = max L,
q

14 nho nhat.

Dinh nghia 4. Phép Gop(i,m), 1a cach gop hang con i vao hang cha m véi v = ¢old 1 ¢,
va néu cac hang ¢ va m da lién két ([5,6]) v4i nhung hang nao thi m sé lién két véi nhimng
hang do.
Thuéat toan 1. Gop(i,m) gop hang con ¢ vao hang cha m

Gid st POM c¢6 n hang (n cot)

Input: Hang con ¢ hang cha m

Ouput: POM da gop hang con ¢ vao hang cha m

Begin

b =t + t;
Fork=1ton
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Cmkt = Cik
End For
Ghi nhan hang con ¢ vao bén canh hang cha m
Xoa hang ¢ va cot ¢
End
Do phite tap thuat todn Gop la O(n).
Vi du 1. Ap dung Thuét todn 1 vho POM & Bang 1 khi gop hang con 1 vao hang cha 6 va
gop hang con 9 vao hang cha 11, ta dwgc POM & Béng 2.

Bang 2. POM sau khi gop

Hang | 2 |3 | 456,17 [8]10] 11,9
Hang | t 332|717 [7 |24 |3
2 3 0 11

3 3 0

] 2 0 1

5 7 0

6,1 17 0 4
7 7 0 5

8 2 0 1
10 4 0

11,0 |3 0

Pinh nghia 5. Phép Tach(i, m) cho phép tach hang con i ra khoi hang cha m. Khi dé:

tnew = ¢old ¢,
tnew = ¢old ¢, .

Phép tach sé tao POM 4 chira hang con i va POM 44 chira hang cha m.

Thuat todn 2. Tach(i,m) tdch hang con i ra khoi hang cha m
Gia sir da cho POM. Khi tach hang con ¢ ra khoi hang cha m sé tao ra POM 4 chita
hang con ¢ va POM x4 chita hang cha m véi s6 hang cia POM 4 1a Card(POM 4) va cua
POM 44 1a Card(POM 44) tiwong tng.
Néu Card(POM 4) > 1 thi ta c6 thé tiép tuc tdch POM x néu can (twong tur cho
Card(POM 44) > 1).
Input: POM can téach
Ouput: Cac POM da duoc tach
Begin
tm = tm + ¢i,m { 7 1& hang con, m la hang cha}
ti =t + ¢im { i la hang con, m la hang cha}
End
Vi du 2. Ap dung hai thuat toan tach va gop.
Tdach POM
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Tw POM & Hinh 1, Tach(8,11) vah Tach(9,11) ta dwgc cdc POM 1, POM 2, POM 3
nhw cic Bang 3, Bang 4, Bang 5.

Bdng 3. POM 4 Bdng 4. POM » Bdng 5. POM 3
Mang | 3 | 4|5 ]38 . Hang | 2 | 7 | 10 | 11
Hang | & 312713 g fang ; (150 ?9 Hang | ¢ 307 [4 |19
3 3 0 2| 5 8 - 5 2 3 011
1 2 0 U] = — 7 7 0 |5
5 7 03] g 5 5 10 1 0 |2
8 3 0 11 19 0
Céac POT; twong trng trén Hinh 2, 3, 4.
@
2
19
4@
10 5
3
& 260
1 3 1
7
3
Gh L B €
Hinh2. POT, Hinh 3. POT, Hinh 4. POT,

Gop cic POM 1 , POM 5 va POM 3

Bay giv, ta dung thuat toan Gop(i, m) dé gop POM 1 , POM 5 va POM 3 va cho thuec
hién trén cac bo xir I p1, po va p3 véi gid thiét kha nadng xir If cia cdc bo xir I nay 1a khong
han ché.

Ta sé gop POM o, hang 1 1a hang con cua hang cha 6, Gop(1,6) dwoc POM 94 & B6.
Trong POM 94 hang 6,1 1a hang con cia hang cha 9, Gop((1,6),9) ta dwoc POM 2a & B7.

Bdng 6. POM 94 Bdng 7. POM o,
Hang | 6,1 | 9 S
Hang | ti 17 | 19 i Hang | 9,(6,1)
61 i 0 1 Hang ti 23
- - - 9,06,0) | 23 | 0

Twong tu ta c6 POM 1, va POM 3, trén B8 va B9 twong trng

Bdng 8. POM 1, Bdng 9. POM 3,
Hang | ((8,3),4),5 Hang | 11,(10, (7,2))
Hang ti 15 Hang t; 33
(8345 150 11,010, (7,2)) | 33| 0

RO rang, tai cia POM 1, 1a 15, tai cia POM o, 14 23, tai cia POM 3, 14 33.

Lich truy van & day gom 3 bo xit Iy p1, pe va p3 dé xit f POM 14, POM 5,, POM 3,
twong timg va thoi gian tra loi cia POM la L = 33.
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3.2. Mé rong bai toan lap lich trén POM

Lap lich t6i wu cho POM 14 tim kiém mot cach phan chia cdc hang cot (tirc 1a cdc todn
t1t) clia né cho cdc bo xit 1f dé thoi gian trd 1o truy van it nhat. Bai toin dwoc thwe hién
bang cach ding céc thuat todn cit cdc lien két hang cot va gop cdc hang cot dé chuyén
tir POM phitc tap thanh POM don gidn hon ma van khong 1am mét ¥ nghia cia viéc song
song va toi wu héa. Viéc xir Iy bang mdy tinh tréen POM bao gior ciing don gidn hon trén
POT.
3.2.1. Logi bd ¢;; truyén thong lén va POM tién zw lj

Nhu chiing ta da biét trong s6 ¢; j chinh 1a chi phi truyén thong gitra todn tir ¢ va todn ti
7-
Pinh nghia 6. ¢;; cia POM duwgc goi 1a truyén thong 16m néu ¢; j > ¢; + Zk# ¢k hodc
Cji = i+ D peti Chyj-
Vi du 3. Trén POM & Bang 10, ¢c;20 =4 > t; =3, ¢35 = 10 < 15 = ¢3 nhung, ¢35 = 10 =

ts + co5+ca5 =T+ 142mnén ¢ 9 va cgp truyén thong 1om.

Bdng 10. POM c6 trong so lém Bdng 11. POM tién xir li
_ Hang | 11213 |45 Hang | 1] 21453

Hang | t; 3115 |27 -

Hang | ¢ 6 2| 22
1 3 01410 010

1 3 0] 4 01]0
2 3 010 0|1 21 6 0 0T
3 15 0 0] 10 ’
1 5 02 4 2 0|2
5 = 0 5,3 22 0

7

1O

Hinh 5. POT tng vé6i POM trén Bang 10
Nhin zét 1. Néu ¢; j ¢6 truyén thong 16m cia POM, va p 1a s bo xtr 1y, thi luén luon ton tai
mot POM’ t6i wu cia POM vé&i p bo xir 1y, sao cho cdc toan tir ¢ va j dwoc thue thi trén
cung mot bo xir 1y, tike 1a hai hang nay dwoce gop lai [1, 2,4, 5]. Nhur vay ta sé tim va loai bo
cdc ¢; ; truyén thong 16m. Véi POM da loai céc ¢;; truyén thong 16m, dwoc goi la POM da
qua tién xir Iy. Dé tao ra POM tién xit Iy, ta diing thuat todn Tien XL_POM sau.

Thuét toan 3. Tien XL_POM

Input: POM cho truée chua qua tién xir If
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Output: POM tién xir 1y
Fort:=1ton
For j=1ton
If (cij >t + Zk# ¢ k) then
Gop(i, 7) {Goi thuat toan Gop(i,j) dé gop i vao j}
End If
End For
End For

Do phirc tap thuat toan la O(n?).

Vi du 4. Véi cda POM & Bang 10, vi ¢1 2 va ¢35 truyén thong 1ém, nén gop 1 vao 2 va 3
vao 5 ta dwge POM tién xir Iy nhir Bang 11.

3.2.2. Can bang tdi va phan chia céng viéc
Can bang tdi
Mot POM dwoc goi la t6i wu vé can bang tai néu moi bo xir 1y tham gia trong quy trinh
xtr Iy POM cé thoi gian thue hién gan nhw nhau.
Phan chia cong viéc
Thuat toan phan chia cong viéc dé tao ra can bang tai gitta cdc bo xir ly.
Gid st ¢6 p bo xr Iy, va tap cdc cong viee W = {wy, ..., w,} ¢6 thoi gian thue hién 1a
T = {t1,...,t,} twong tmg. Cong viéc w; phai dwgc thiyre hién tron ven trén bo xir Iy bat ky
véi thoi gian ¢;.
Noi dung thudat todn
Tim cong viéc w; ¢6 thoi gian thwe hién ¢; 16n nhat trong cdc cong viec chwa dwge phan
cong va giao cho bo xir Iy hién c6 tai it nhadt. Qud trinh sé dwoc ldp lai cho dén khi khong
con cong viéc nira.
Thuat toan 4. Chia_Viec
Input : W, T
Output: Phan hoach {F}, Fy, ..., F)}
Thuat toan:
Begin
{F,F3,....,Fp)} — ¢
W — {w1, ..., wy}
T — {t1, ..., tn}
Do
Select F; : Tai(F;) = 1I§nki£p Tai(Fy,)

Select w; : max T'
wpeW
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F; — F; U {w,}
W — W uU{w;}
While W # ¢
Save {F1, ..., Fp}
End
Thuét todn nay c6 do phitc tap O(n?).
Thuat todn bdo ddm can bang tai giita cdc bo xir Iy nén thwong dwoc sir dung két hop
vGi cdce thuat todn khdc dé cho nhirng két qua t&t hom.
3.2.8. Thudt todn TachGop dwa vao trong so
Thuat toan tién hanh thuc hién viéc gdop cdc hang va tdch cdc hang dua trén thong tin vé
trong s6 clia hang con va trong s6 ¢; ;. Gid st cho trude hing s6 «, véi a > 1, ta sé sit dung
thuat toan Tach(i, m) néu t; > ac;, va st dung thuat todn todn Gop(i,m) trong truong

hop nguoc lai.

Thuat toan 5. TachGop
Input : POM tién xir Iy va tham s6 o > [
Output: Phan hoach {POM 1, POM>, ...}
Thuat toan:
While <Con hang cha m ¢6 hang con ¢ >
If t; > acim Then
Tach(i, m)
Else
Gop(i,m)
End If
End While
Save {POMy, POM,, ...}
Nhan zét
+ Thuét todn c¢6 do phitc tap O(n), n 1a s6 hang cia POM tién xir 1y.
+ Két qua thuat toan 1a mot tap cdc POM véi s6 lwong khong thé dodn trirde dwoc nén
thong thwong thuat todn nay sé ciing di doi véi thuat toan phan chia cong viée dé phan phdi
cdc POM nay cho céc bo xir 1y.
+ Thuat toan chi xem xét sir dung todn tir Gop hay T'ach cho mot hang con va hang cha cia
né nén quyét dinh nay doc 1ap véi trong s6 cia hang cha, do dé trong mot s6 truwong hop sé

lam tang trong s6 ciia hang cha lén mot cach dang ké.
3.3. Vi du téng hop
Cho POM nhur bang sau.
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Bdng 12. Dt liéu cia POM

11213 516 7 81911011 |12 |13 |14 | 15| 16 | 17 [ 18 | 19 | 20 | 21
t; T3]3 71121102 ]2]|1 5 10 | 7 2 1 2 4 2 1 5 5
1 7 0 6
2 3 0 11
3 3 0 2
4 2 1
5 7 0 3
6 12 0 5
7 10 0 1
8 2 0 1
9 2 0 12
10 | 1 0 1
11 |5 0 2
12 | 10 0 4
13 |7 0 5
14 | 2 0 1
15 | 1 0 5
16 | 2 0 17
17 | 4 0 2
18 | 2 0 3
19 | 1 0
20 | 5 0 1
21 | 5
Ap dung thuat todn Thuat todn 1, TachGop v&i a = 3, 56, ta nhan duoc cic két qua sau.
Bdng 13. POM da duogc tién xir 1y
4151]|6 7 8 |11 | 12 | 13,2 | 14 | 17 | 18,9,15,10 | 19,16 | 20 | 21
t; 217112110 2|5 10 | 10 2 4 6 3 5 5
1 7 6
3 3 2
4 2 0 1
5 7 0 3
6 12 0 5
7 10 0 1
8 2 011
11 5 0 2
12 10 0 4
13,2 10 0 5
14 2 0 1
17 4 0 2
18,9,15,10 | 6 0 3
19,16 3 0 2
20 5 0 1
21 5 0
POMT | Hang 12 | (19,16) cha 12 | T POM2 | Hang | -13,2 | 17 | (19,16) | Tai
cha 12 cha 17
Hang ti 10 21 Hang t; 10 4 16
1 7 -13,2 10
12 10 4 17 4 2
T?i 21 Tai 16
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POM3 | Hang [ 3[4 [5] 14 ] (19,16) | Tai
cha 14
Hang ti 3121712 15 POMJ | Hang | 7 | 11 cha7 | Tai
3 3 Hang ti 10 11
4 2 7 10
5 7 Tai 11
14 2 1
Tai 15
PO ST B0 TS POM6 . 6 | 18,9,15,10 | 20 | 21 cha 20 | Tai
ti | 126 5 26
cha 11 6 13
< ;1 219 10 18,0,15,10 | 6
11 5 2 20 i 2
7 con 11 1 11 con 2
™ 10 1§,9,15,10
Tai 26
POM7 (19,16) | 21 | Téi
ti | 3 5 |16
(19,16) 3
21 5
20 con 21 1
12 con (19,16) 4
14 con (19,16) 1
17 con (19,16) 2
Tai 16

Ho#c viét gon hon nhw bang sau.

Hang trong POM

Tai

STT(POM) | Hang trong POM | Tai | STT(POM)
1 {1,12} 21 |5

2 {(13,2),17} 16 |6

3 {3,4,5,14} 15 |7

4 {10} 11

{811}

{(19,16),21}

{(18,9,15,10),20}

10
26
16

Gia str chi c6 4 bo xir Iy dwrge ddnh s6 nhw sau Py, Py, Ps, P3. Bay gitr 4p dung Thuét todn

4 ta co:

Lan chia thit nhat:

P0 = POM6= {(18,9,15,10) , 20} | Tai(P0)=26

PI = POMI = {1,12}

Tai(P1)=21

P2 = PoM2= {(13,2),17} Tai(P2)=16

P3 = POM7= {(19, 16) , 21}

Tai(P3)=16

Lan chia thit hai:

P2 = {POM2, POM3} Tai(P2)=16+15= 31 | P3 = {POM7, POM4} | Tai(P3)=16+11= 27
= {{(13,2),17}, {3,4,5,14}} = {{(19, 16) , 21} {10}
P1={POMT1, POM5} Tai(P1)=21+10=31 | PO = {POMG} Tai(P0)=26
= {{1,12}.{8,11}} = {(18,9,15,10) , 20}
4KET LUAN

Chuyén POT sang POM, tir d@6 dung cic phép tinh ma tran dé tién hanh gop, tach va

lap lich truy van cé thé thue hién hoan toan trén mang thong qua phan tir mang. Viéc phan
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b6 cac todn tir cho cdc bo xir 1y dwoce thire hién thong qua thuat todn phan chia cong viéc.
Vén dé sé phitc tap hon khi cdc bo xit 1y lai dwrge phan phdi trén cac mang khéac nhau, vi khi
d6 céc ¢; j khong don thuan chi 1a truyén di liéu gitra cdc bo xir Iy ma con cdc thong tin phu
tro khac.

Lap trinh tir dong tim va rit trich xau con d€ tim ra cdc toan tir ciia SQL va cho tirong
ttng véi cc toan tir dai s6 quan hé, chuyén sang cau van tin dai s6, tir d6 xay dung thanh
POM khong con qua POT va dp dung cac thuat toan da dwgc trinh bay. U’ng dung cho mot

s6 bai todn trong thirc té dua trén POM va céac thuat toan da dwoc chi ra trén doé...
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