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　　摘　要　针对并行面向对象数据库的特点, 结合异步并行查询执行策略, 提出了一种基于对象类的混合

式数据放置策略, 它包括两个部分:混合式数据划分策略和基于对象类的数据分配策略。
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Abstract　 In this paper, according to the featur es o f par allel object-o rient ed database and a synchronous pa rallel

quer y execution stra tegy , a class-based hybrid da ta placement str ateg y is pr oposed, which consists o f t wo par ts: the hy-

br id data partitio n str ateg y and the class-based data allocation strat egy .
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In the shared-nothing m ult iprocessor environment , data parallelism is an important par al lelism of

POODB, w hich requests that the database is part it io ned and allocated on several processo rs, this is al-

w ay s named data placem ent . Data placement
[ 1, 2]

consists o f data part ition and data al locat ion. Data

part it ion is to par tit ion the database into sever al data subsets, data allo cat ion is to allocate these data

subsets onto processo rs. Data placement is a crit ical factor in achieving good system perfo rmance, and

it is associated w ith the parallel processing st rategy of POODB.

1　Class-Based Hybrid Data Placement Strategy

Though asynchronous parallel query execut ion st rateg y is able to avoid the unnecessar y data

pr opagation ef f icient ly, the comm unicat ion over head is still a crit ical factor w hich af fects the sy stem

perform ance. Acco rding to the essent ial features o f asynchronous par allel quer y execut ion st rategy ,

the principles of data placement ar e proposed:

( 1) improve the speed o f accessing data;

( 2) exploit all kinds of parallelisms eff icient ly ;

( 3) localize ret riev al and m anipulat ion of data;

( 4) reduce the over al l comm unicat ion acro ss the pro cessing nodes;

( 5) utilize the CPU r esource r easonably .

Based on the above consider ation, the class-based hybrid data placem ent st rategy is proposed,

w hich consists of tw o parts: the hybrid data partit ion st rateg y and the class-based data allocation strat-

egy.

2　Hybrid Data Partition Strategy

There are tw o kinds o f t raditional data part ition st rateg ies: horizontal partit ion strategy and ver-
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tical part itio n st rategy . T he horizontal part it ion st rategy is suitable for explo it ing inter-object paral-

lel ism, w hile the vert ical part it ion st rateg y is suitable for exploit ing int ra-object parallelism . T he hor-

izontal par tit ion str ategy is essent ial for parallel relat ional databases to achieve good salabil ity and

speedup, it has the advantage that a select ion operat ion can be carried out very eff icient ly since its pro-

cessing t im e is the time for pr ocessing the largest segment instead of the entire relat ion, but it may not

be suitable for processing of multiple concurr ent object-o riented queries. T he vert ical part it io n st rate-

gy is suitable for pro cessing of complex objects, but it w ill no t scale up well.

Accor ding to the pr inciples o f data placem ent , the hybrid data partit ion st rategy is proposed:

First ly, the objects are vert ical partit ioned, ther e are tw o types of part it ions: ( a) data values stored in

Oid-data value pairs, ( b) object cro ss-references stored in Oid-Oid pairs. Secondly, the vert ical par ti-

tions are horizontal part it io ned based on Oid, the resul ted part it ions are cal led hybrid part itions. T he

hybrid part it ion consists o f Oid-data pairs and Oid-Oid pairs, and all data o f an object is sto red in a

hybrid part itio n. The hybrid part it ion st rategy can avoid many unnecessary I/ O requests in accessing

complex objects, im prove the speed of accessing data, and pr ovide opportunit ies fo r explo iting all

kinds o f parallelism s.

3　Class-Based Data Allocation Strategy

3. 1　T he Goal and Principles of Data Allocat ion

The goal o f data allocat ion is : the loads of pro cessors ar e balance, the com munications am ong

pr ocessors are low est . T he principles o f data allocation are: ( 1) Balancing the w or king load of pro ces-

sor s; ( 2) Reducing the com municat ion overhead among pr ocessors.

3. 2　T he Overv iew o f Class-Based Data Allo cat ion Strategy

According to the goal and principles of data allocation, the class-based data allocat ion st rateg y is

pr opo sed: First ly , based on the load of ever y class, the com municat ions among classes, the num ber of

classes and the number of processor s, the classes are com bined or part it ioned r easonably , so several

class sets are const ructed, the lo ads of class sets are balance, the communicat ion overhead am ong

class sets is low est , and the number of class sets is equal to the number of processor s; Secondly , the

class sets ar e allocated onto processor s, the comm unicat ion overhead am ong processors is low est .

3. 3　Description of Const ruct ing Class Sets Algor ithm

The f irst step of class-based data allocat ion st rateg y is to const ruct a number of class sets.

Const ructing Class Sets A lgor ithm:

( T he number of pro cessors is N ; the number of classes is M ; C i is an object class ( i = 1, 2,⋯, M ) )

õ I f M = N , then ev ery class constr ucts a class set;

õ I f M > N , then combine the classes:

( 1) According to the loads of classes, the classes are o rdered decreasely ;

( 2) Compute the average load of class sets: SetW orkA ve = ∑
M

i= 1
Wor k( C i ) / N

( 3) Init ialize M class sets ( each one is empty) ;

( 4) Every class w hose load is not less than S etW orkAv e constr ucts a class set . If there are m such

classes, then the rest classes will be placed into the rest ( M -m ) empty class sets.

( 5) Compute the average load of class sets again: N ewS etW orkAv e = ∑
M

i= m+ 1
Wor k( C i) / ( N - m)

( 6) For i = m + 1 to M Do

( a) T ry to place Ci into every class set , if the sum o f C i' s load and a class set 's lo ad is not more

than N ewSetW or kA ve, then this means that C i can be placed into this class set ;

( b) If the class sets w hich C ican be placed in ar e all empty, then place C i into the first class set ;
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( c) If the class sets w hich Cican be placed in are not all empty, then accor ding to the comm unica-

tion betw een the unem pty class sets and C i order the unem pty class sets decreasely, place Ci into the

first unem pty class set . If there are mo re than one class sets whose com munications are biggest , then

select a class set w hose load is bigg er and place C i into it ;

( 7) If there are L unem pty class sets in ( M - m ) class sets and L > ( N - m ) ,

then ( a) Order the unem pty class sets decreasely according to the load of them;

( b) For j = N - m + 1 To L Do

Fo r every class in No. j unempty class set Do

( a) F ind a class set with the least load f rom the f irst ( N - m ) unempty class sets, fetch the class and

place it into this class set .

( b) If ther e are mo re than one class sets w ith the least load, then select a class set w hose comm unica-

tion w ith the class is the biggest , and place the class into it .

( c) Recorder the first ( N - m ) unempty class sets decreasely acco rding to the load of them .

· I f M < N , then p ar tit ion the classes:

( 1) According to the loads of classes, the classes are o rdered decreasely ;

( 2) Par tit ion the class w ho se load is the big gest into tw o hybrid part itions whose loads ar e equal.

At this t ime, if the number of classes and hybrid part itions is N , then every class and hybrid part ition

constr ucts a class set ; else reorder the classes and hybrid part it ions decreasely according to the load of

them ;

( 3) If there is a class w hose load is the biggest among all classes and hybrid par tit ions, then re-

peat step2; else there is a hybrid par tit ion whose load is the big gest among all classes and hybrid par ti-

tions, repart it io n the class which the hybrid part it io n belongs to : suppo se that the class had been par-

tit ioned into k hybrid part it ions, now repart it io n the class into ( k + 1 ) hybid part it ions w ho se loads

are equal . At this t ime, if the number of classes and hybrid part itions is N , then ever y class and hy-

br id partit ion constr ucts a class set ; else reorder the classes and hybrid part itions decreasely acco rding

to the load of them;

( 4) repeat step 3 unt il the class sets are constr ucted.

3. 4　Description of Allocating Class Sets Alg orithm

The second step of class-based data allo cat ion st rategy is to allocate the class sets const ructed in

first step onto the processor s.

A llocating Class Sets A lgori thm

( 1) P rep rocess:

· According to the comm unicat ion among class sets, the connect ions am ong class sets can be classi-

fied into tw o types: high-comm unicat ion connect ion and low -com municat ion connect ion;

· Determine the allocat ion pr io rities o f class sets: the class set has more high-communication connec-

tions, it s allocation priority is higher; If there are tw o class sets w hich have same num ber o f high-

communication connect ions, then the one w ith more low -communicat ion connect ions has higher alloca-

tion prio rity ; If ther e are tw o class sets which have no t only same num ber of high-com municat ion con-

nect ions but also same num ber of low -comm unicat ion connect ions, then deter mine their allo cat ion pri-

orit ies according to the numbers o f tw o types o f connections of their adjacent class sets;

· Build the mul tilevel st ructur e of class sets:

( a) The class sets w ith the highest allo cat ion pr io rity form the first level;

( b) T he adjacent class sets o f class sets in Level k for m level k+ 1; if one of them has been in f irst

k levels, then it cannot be placed in level k + 1;

( c) Order all class sets in every level decreasely according to their allocat ion priorit ies;
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· The class sets w ithout high-communicat ion connect ions are m arked by a delay-token;

· Deter mine the priorit ies of processor s: A processor w ith a larg e number of connected pro cessors is

assigned a higher priority; T he pr io rities o f tw o pr ocessors with the same num ber of connected pro ces-

sor s are determ ined based on the number of the connected processo rs o f all their connected pr ocessors;

( 2) A ccor ding to the mul til evel st ructure of class sets, al locate the class sets f r om level 1 to the last

level :

· Allocate the class sets in level 1 onto sever al pr ocessors w ith the highest prio rity ;

· For every class set w ithout delay-token in level k + 1, f irst ly , find the processors of it s adjacent

class sets in lev el k ; secondly , f ind these pr ocessors' connected empty processors; last ly, allo cate the

class sets with higher allo cat ion pr io rity onto the connected em pty pr ocessors w ith higher pr io rity .

· For every unallocated class set w ithout delay-token in level k + 1, allocate it according to the asso-

ciat ion betw een it and the allo cated class sets;

( a ) If there are some high-com municat ion connect ions betw een the unallocated class set and the

allocated class sets, and the processo rs of these allocated class sets have som e connected em pty pro-

cessors, then select an allo cated class set w ith the highest priority, f ind a processor w ith higher priori-

ty f rom its connected processor s, and allocate this unallo cated class set onto it ;

( b) If there are some low -communicat ion connect ions betw een the unallo cated class set and the

allocated class sets, and the processor s of these allocated class sets have som e connectd empty pro ces-

sor s, then select an allocated class set w ith the highest priority, find a pr ocessor w ith higher priority

fr om its connected pro cessors, and allocate this unallocated class set onto it ;

( c) Else, allocate the unallocated class set onto the close processor of it s adjacent class sets in

level k ; 　　( 3) Order the class sets w i th delay-token decreasely according to the p rior iti es of them:

If there are some low -com munication connections betw een the class set with delay-token and the

allocated class sets, and the processor s of these allocated class sets have som e connectd empty pro ces-

sor s, then select an allocated class set w ith the highest priority, find a pr ocessor w ith higher priority

fr om its connected pro cessors, and allocate this class set w ith delay-token onto it ;

( 4) A l locate the unal located class sets w i th delay-token onto the r est emp ty p rocessor s, the class set

w ith higher p rior ity is allocated onto the p r ocessor w ith hig her p rior ity .

4　Conclusion

Data placement is an impo rtant research topic in the f ield of par al lel database. After the research

of t radit ional data placement st rategies, acco rding to the features of POODB and asynchronous paral-

lel query execut ion st rateg y, the reasonable principles of data placement are pr opo sed. Based on the

pr inciples, the class-based hybrid data placement str ategy is pr opo sed and implem ented. Experimental

results show that the class-based hybrid data placement st rategy can overcom e the limitat ions of t radi-

tional data placement st rateg ies, it is a practical str ategy .
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