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ABSTRACT 
 

Query processing is important in the field of distributed database management system 
(DDBMS). DDBMS enables the computing power and data to be placed within the user 
environment close to the point of user activities. The main problem is – if a query can be 
decomposed into subqueries that requires operations at different nodes through the 
network and then determine the sequence and sites for performing the set of operations 
such that the operating cost for the query is minimized. The problem is complicated on 
the operations of the query, but also on the parameter values associated with the query. 
Query processing is a difficult task in distributed network environment as data locations 
become a major factor. To optimize queries, enough informations must be available to 
determine which data access technique is more effective. Optimization algorithms have 
important impact on the performance of distributed query processing. In this work we 
present a technique to optimize the distributed queries. Our technique will process 
queries with minimum quantity of inter site data transfer. The technique presented in 
this paper can be used to process where all of the relations referenced by query are 
fragmented and distributed over different sites. 
 
Keywords : Join, Semijoins, FRS and optimization. 

 
INTRODUCTION  
 

Distributed database is a database that 
is under the control of a central database 
management system in which storage devices 
are not connected to a common CPU. It may 
be stored in multiple computers located in 
same physical locations, or may be dispersed 
over a network of interconnected computers. 
Collection of data can be distributed across 
multiple physical locations. A distributed 
database can reside on network servers on the 
internet, on corporate intranets or extranets. 
Replication and distribution of databases 
improve database  performance at end-user 
worksites1. 

The distribution of data over the computer 
network improves performance, reliability, 
availability and modularity that are inherent in 
distributed systems. As in traditional 
centralized databases, distributed database 
system (DDBS) must provide an efficient user 
interface that hides all of the underlying data 
distribution information of the distributed 
database (DDB) from the users. The use of a 
relational query allows the user to specify a 
description of the data is physically located 2. 

Data retrieval from different sites in a 
DDB is known as distributed query processing 
(DEP). For example, the following query 
accesses data from the local database as well 
as the remote sales database. The first table  
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(EMP) found in site and second table 
(DEPT) found in site 2: 

SELECT ename, deptname 
FROM org.emp e, org.dept 
WHERE e.deptno = d.deptno 

 

So a distributed query is one that 
selects data from database located at multiple 
sites in a network and distributed processing 
performs computation on multiple CPUs to get 
a single result. It is quite evident that the 
performance of a DDBS is critically dependent 
upon the ability of the query optimization 
algorithm to derive efficient query processing 
strategies. DDBMS query optimization 
algorithms attempts to reduce the quantity of 
data transferred is a desirable optimization 
criterion. The distributed query optimization 
has several problems related to the cost model, 
largest of queries, optimization cost. The aim 
of distributed query processing (DQP) is to 
execute such queries as efficiently as possible 
in order to minimize the response time that 
users must wait for answers or the time 
application program are delayed. And to 
minimize the total cost of the communication 
associated with a query, to improve throughput 
via parallel processing, sharing of data and 
equipment, and modular expansion of data 
management capacity. Once redundant data is 
maintained, one can also get increased data 
reliability and improved response time. 

Since data are physically distributed in 
such a distributed relational database system, 
the processing of distributed query is 
composed of the following three phases : local 
processing, reduction and final processing3. 
The local processing phase consists of 
selections and project; the reduction phase uses 
a sequence of reducers i.e. semijoins and joins 
to reduce the size of relations; and the final 
processing phase sends all resulting relations 
to the assembly site, where all joins are 
performed. In distributed query processing, 

partitioning a relation into fragments, union of 
the fragments to form a whole relation, and 
transferring a relation/fragment from one 
database are common operations2. 

Several algorithms4,5,6,7 also take 
advantage of fragmentation to process queries. 
For example, the algorithm given in6, called 
the fragment and replicate strategy (FRS) 
algorithm, is based on the same principal as 
that of8. However, it takes into account not 
only the amount of data transferred and 
processed at individual sites, but also the 
presence of fast access paths i.e. index to 
reduce response time. When all the relations 
referenced by a query are fragmented, the FRS 
algorithm can not be used. Another plan is to 
partition one of the referenced relation into 
number of fragments and distribute the 
fragments to number of sites so that the query 
can be processed in parallel at different sites9. 
Partition and replicate strategy (PRS) 
algorithm is given to determine which relation 
and which copy of the relation is to be 
partitioned into fragments, how many 
fragments are to be produced, and where these 
fragments are to be sent for processing. 

Both FRS and PRS require data 
transfer prepration before a query can be 
processed in parallel at different sites. By 
performing local reduction of the fragments or 
relations before transferring them, i.e. perform 
some projections and selections, the data 
transfer cost can also be reduced due to similar 
size relations. It is not always true that local 
reduction will be reduce the response time for 
a query, an local algorithm10 is used to decide 
the set of relations to be reduced before data 
transfer. Two approaches namely semijoin11 
and join sequence4 have been used to reduce 
the amount of data transmission required for 
the phases of distributed query processing. The 
semijoin operations from Sa to Sb denoted by 
Sb     Sa is defined as – project Sa, on the 
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join attribute of the join between Sa and Sb 
first, and then ship this projection to the site Sb 
to remove nonmatching tuples from Sb. In 
addition to semijoin, join operations can also 
be used as reducers in processing distributed 
queries12,13. Using join reducers, a query is 
translated into a sequence of join and each join 
is implemented locally by shipping one of the 
operand relations to the site of other operand 
so as to exploit parallelism and minimize the 
processing overheads. The joins and semijoins 
can be combined to form an integrated scheme  

to further improve the distributed query 
processing12. The approach of combining join 
and semijoins can be more beneficial due to 
inclusion of join reducers. This approach can 
also reduce the communication cost further by 
taking the advantage of removeability of pure 
join attributes. 

In this paper we will discuss a 
technique to process a query where all the 
relations referenced by a query are not 
fragmented but distributed in different sites. 
We also characterize distributed query 
optimization. 

 
Distributed Query Processing Methodologies : 
 
A methodology of distributed query processing is shown in fig. 1. 
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The distributed query processing contains four 
stages which are query decomposition, data 
localization correspond to query rewriting. The 
first stages are performed by central sites and 
use global information. Local optimization is 
done by the local sites. The working of 
distributed query processing is shown here in 
the following examples using two different 
(semijoin and join) strategies – Let us suppose 
a database is distributed among three different 
sites, for example employee, dept, and salary. 
The schemas of these relations are Se 
(eno,empname,dob,doj,fname), Sd (empname, 
deptname) and salary (eno, empname, dob, 
basicpay, jobtype) respectively. It is required 
to find the empname, doj,jobtype and basicpay 
from the employee site; where dept should be 
chemistry. Joining date must be before 2nd july, 
empname should be common between 
employee and salary sites and basicpay must 
be greater than 8000. The Query in SQL is as 
follows: 
SELECT empname,doj,jobtype,basicpay 
FROM Se,Salary 
WHERE (Se.empname=Salary.empname) and 
(dept=chemistry) and (Doj>2nd july) and 
(basicpay > 8000) 
 

According to the semijoin strategy the query 
processing is as follows: 
 

Step-1: 
Restrict Se (dept=chemistry,doj>2nd july) 
Project empname from resrticetd Se 
Step-2: 
Transmit  the result Re1 (from step-1) to Salary 
site 
Step-3: 
Restrict Salary(basicpay>8000)(say N2 Tuples) 
Join Re1 Restricted Salary (Say N3 tuples) 
PROJECT these tuples over the required 
attributes. 
Step-4: 
 Move the result Re2 (from step-3) to 
the employee site. 

Step-5: JOIN result (Re2) with restricted 
employee at the employee site 
 
Cost Analysis of the Semijoin strategy: 

Let the cardinality of the Relation nRe1 
be N1, transmission cost/attribute Tcost_�, cost 
per tuple comparison be Ccomp-tuple, and cost per 
tuple concatenation Ccn-tuple. 
 
Processing cost at step -2: 
 N1* Tcost_α 
Processing Cost at step -3: 
 N1*N 2*Ccomp-tuple + N3* Ccn-tuple 
Processing cost  at Step-4: 
 N3* Tcost_α    (There are three attributes 
basicpay,jobtype,empname) 
Processing Cost at Stpe-5: 
N1*N 3*Ccomp_tuple+N3*Ccn_tuple 
So, the total processing cost for semijoin 
strategy= 
N*T cost_�a+N1*N 2*Ccomp_tuple+N3*Ccn_tuple+N3*
3*Tcost_�+N1*N 3*Ccomp_tuple+N3*Ccn_tuple 

= (N1*3*N 3)* Tcost_�+2*N3*Ccn_tuple 
 
According to join strategy the same query 
processing is as follows- 
 
Step-1: 
Send qualified tuples in employee(Projected 
over three required attributes) to salary site. 
Step-2: 
Join with the restricted salary at salary site 
Step-3: 
Move the result to the employee site 
 
Cost Analysis of the Join Strategy: 
Transmission cost at step-1: 
 3*N1*T cost_a 

Processing Cost at step-2: 
N1*N 2*Ccomp_tuple+N3*Ccn_tuple 
Transmission cost at step-3: 

 4*N3*  Ccost_α (As total 4 attributes 
being transferred) 
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Therefore the total ost is : 
 3*N1*Ccost_a+N1*N 2*Ccomp_tuple+N3*
Ccn_tuple+4*N3* Tcost_α = (4*N3+3*N1)* Tcost_α 
+N1*N 2*Ccomp_tuple+N3*Ccn_tuple 
 

So under the assumption that Tcost_� 
attributes much more significantly to the cost 
that Tcn_tuple or Tcomp_tuple. So we can say that the 
cost of the semijoin is probably about half of 
the cost of the Join strategy. 
 
Fragmentation and Replication Strategy 
FRS6 
 

The FRS strategy requires one of the 
relation referenced by a query to be 
fragemented and other relations to be 
replicated at the sites that have a fragment of 
the fragemented relation. The query is 
decomposed into the same number of 
subqueries as the number of sites and each 
subquery is processed at one of these sites. 
Consider the following query which references 
relation R1 and R2 and unfragmented relation 
R3: 
      Q={R1.A,R2.C| R1.A=R2.A ^ R2.B=R3.C} 
If site S1 is selected for query processing the 
required steps are: 
 
Step-1:  
Get the minimum response time of the 
strategies using only one site(site 1 or site 2 or 
site 3) to process query. 
• Transferring F12,F22 to site 1 
• Union (F12 ∪ F11) and (F21 ∪ F22) 
• Join (F12 ∪ F11)  (F21 ∪ F22) 

R3 
Similarly queries can be processed at site 2 and  
site 3. 
 

Step-2:  
• Determine the relation to remain 

fragmented and the set of processing 
sites 

• Now the query Q is decomposed into 
following subqueries 
 

Q1 : { F11.A,R2.C| F11.A=R2.A ^ R2.B=R3.C}; 
 

Q2 : { F12.A,R2.C| F12.A=R2.A ^ R2.B=R3.C}; 
 
Where R2 is the union of F21 and f22 and the 
final result of Q=Q1 � Q2. Response time can 
be obtained for processing Query(Q) at site 2 
and 3. 
 
Partition and Replicate Strategy (PRS7) : 
 
Suppose the set of site is S={S1,S2,---------Sn}. 
The PRS algorithms works as follows: 

For a given query the minimum 
response time is estimated if all reference data 
is transferred to and processed at only one of 
the sites. Next, for each referenced relation and 
each copy of the relation, the response time is 
estimated if the copy of the relation is 
partitioned and distributed to a set S and all the 
other relations are replicated at the sites where 
they are needed. A choice of processing sites 
and sizes of the fragments of the selected copy 
of choosen relations are determined by PRS so 
as to minimize the response time. Finally, the 
strategy which gives the minimum response 
time among all the referenced relations is 
chosen. 

Consider a query reference two 
relations R1 and R2 which are unfragmented 
and distributed among three sites S1,S2 and S3 
as given in table 1. 

 
Relation Total Tuple 

S1 
Site S1 Site 

S2 
Site 
S3 

R1 8000 -   
R2 5000 - R2 R3 

 
Table 1: Data Distribution for PRS 

 

Assume that S3 is faster than S2 but faster than 
S1. If the query is proposed only at a single site 
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without partitioning any relation, the strategy 
of sending R1 from S1 to S3 and processing the 
query at S3, will give the minimum response 
time. Now if se partition R1 into two fragments 
and send the fragment containing 8000 tuples 
to S2 and that containing 5000 tuples to S3, 
processing at the two sites takes place in 
parallel. The time incurred at site S2 and S3 
smaller than that of the above strategy since 
only a fragment is joined with R2 instead of the 
computed relation. Therefore, partitioning a 
relation for parallel can reduce response time 
of a join query. 
 
Cost Analysis for the FRS Strategy: 
 

Let TR be the total number of relations, 
P be the total number of sites, T1 be the 
cardinality of fragmented relation, n be the 
number of fragments of the fragmented 
relation, T2 be the cardinality of each other 
(TR-1) replicated relations,T3 be the cardinality 
of the joined relations, A be the number of 
attributes in both fragmented and replicated 
relations, n be the number of selected sites to 
process the query, CTcomp be the cost per tuple 
comparison, CTcn be the cost per tuple 
concatenation. The cost for one of the relation 
to be fragmented across m sites is – 
 TCFR = T1*A*T cost_attr*n 
 The cost for all other (TR-1) relations 
to be replicated across n sites is- 
 TCRP=(T2*A*T cost_attr)*(TR-1) 
 
The local processing cost of these sites are i.e. 
union cost for fragmented relation and natural 
Join cost – 

LPCAS =  
j

p

=
∑

1

Cost[ i

n

=1U (FR)i]j+  

[(T1*1+T2*(T R-1))*CTcomp+T3*CTcn]*P 
 
So the total cost for FRS is – 
 TCFRS = TCFR+TCRP+LPCAS 

Query Optimization Process: 
 
 

In relational database all the 
information can be found in a series of table. 
A query therefore consists of operations on 
tables. The most common queries are 
SELECT-PROJECT-JOIN queries. Here we 
will focus on the join orderingh problem since 
permutation of the Join order have the most 
important effect on performance of relational 
queries3. The query optimization process 
shown in Fig.2, consists of getting a query of 
n relations and generating the best Query 
Execution Plan(QEP). 

 
 

 
 
 

Fig. 2: Query Optimization Process 
 

For a given query, the search space 
can be defined as the set of equivalent 
operators trees that can be produced using 
transformation rules. Consider following 
query- 
   
 SELECT empname,basicpay 
 

 FROM employee,dept,salary 
 

 WHERE emp.eno=dept=dept.eno 
 

 AND dept.jobtype=salary.jobtype 
 

The equivalent join tree obtained by 
exploiting the associative property of binary 
operators. 

 

Search space 
generation 

Search 
Strategy 

Transformatio
n rules 

Cost model 

Equivalent QEP 
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The join tree © which starts with a Cartesian 
product may have much higher cost than join 
trees shown in fig. 3. In view of different 
search spaces, the tree will be of different 
shape as shown in fig. 4. In a linear tree, at 

least one operand of each operand node is a 
base rrelation. A bushy tree may have 
operators whose both operands are 
intermediate operators. In distributed 
environment the bushy tree are useful. 

 
 
 
 
 
 
 

 
 

(a) Linear join tree    (b) bushy join tree 
 

Fig. 4. Linear vs. bushy join tree 
 

Local Optimization of Semijoins11,14: 
The main issue is to determine the optimal set 
of semijoins to reduce a single relation. The 
query optimizer first applies semijoins to 
distributed query processing. The optimizer 
evaluates the benefits and cost of all candidate 
semijoins, performs the most profitable, and 

updates the cardinality of the relation reduced 
by this semijoin accordingly. The procedure 
repeated until there is no profitable semijoin 
available. This approach is greedy and 
suboptimal. That is a query optimizer 
computes the most profitable set of semijoins 
to reduce R for each relation Ri instead of the 

R1 
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Fig. 3: Equivalent Tree of the Query 
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most profitable semijoin. Locally optimal 
solution is obtained by the reduction of all 
relations at a time. 
 
Relation Semijoin on Broadcasting 
Network15: 
 

By the advantage of the broad casting 
property of network as in15 and 16, the semijoin 
method is applied to improve query processing 
using this method, a distributed semijoin is 
accomplished by sending the entire relation, 
rather than the join attribute to its recipients. 
The advantage is that multiple stations may 
require the relation and apply different 
semijoins at the same time. The assembly site 
also receives the relation broadcast, and each 
relation thus needs to be scanned only once. To 
optimize the transmission cost, the optimizer 
has to determine the broadcasting order of 
relation. 
 
Join Sequence Optimization:  
 

Using the join sequence method for 
distributed query processing, some joins are 
performed locally first, and the resulting 
relation are then sent to the assembly site. Join 
sequence optimization is formulated as graph 
problem. Suppose there are n relations in the 
query. Construct a directed graph with n+1 
nodes, where there is one node corresponding 
to the assembly site A, and each of the 
remaining n nodes is one-toone associated with 
a relation. An edge (Ri,Rj) means Ri can be 
sent to Rj to perform a join. An edge(Ri,A) 
means Ri Can be sent to the assembly site 
directly. The objective is to find an inversely 
directed spanning tree towards A with the 
minimal transmission cost. Relations are 
transmitted to A along the path determined by 
the spanning tree. Each intermediate node on 
the path represents a join. An example of 
spanning tree is shown in figure 5. For 

example consider the edge(R3,R4), after R1 and 
R3 are joined with R3, the cardinality of R3 
becomes (∑

3

1 .|R1|.|R3).R2|.∑
3

2 ; where  ∑
j

i is 
thejoin selectivity which is associated with 
each join such that |Ri ⋈ Rj|= ∑

j

i .|Ri|.Rj|. The 
transmission cost of (R3, R4) is therefore 

(∑
j

i .|R1|.|R3|).|R2|.∑
3

2 .Cip
j

iJ ; where  Cip
j

iJ  

is the transmission cost per tuple of sending Ri 
to Rj. The total cost of the spanning tree in Fig. 
4 is thus equal to :  

|R1|Cip
3
1J +|R2|Cip

3
2J +(|R1||R2||R3|.∑

3

1 .∑
3

2 )Cip

4
3J +(R1||R2||R3|.∑

3

1 .∑
3

2 |R4∑
4

3
 

where Cip
A

iJ  is the transmission cost per 

tuple of sending Ri to A the final assembly 
query site. 
  
 

 
 
 
Fig. 5: Spanning Tree for Join Sequence Optimization 
 
 
CONCLUSION 
 

 The FRS fragments replicate strategy6 
permits parallel processing of a query. 
Fragments and replicate strategy are applicable 
for processing distributed queries, in which all 
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the non-fragmented relations are referenced by 
a query. In FRS strategy, if no relation 
referenced by a query is fragmented, it is 
necessary to decide which relation is to be 
partitioned in to fragments, which copy of the 
relation should be used, how the relation is to 
be partitioned; and where the fragments are to 
be sent for processing. To solve this problem 
FRS is used. The PRS algorithms joins small 
number of relations and decreases as the 
number of relations involved in joins increases. 
If the implementation of relation partitioning is 
inefficient, PRS actually gives responce time 
than single site processing 
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