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A B ST R A C T

New methods for retrieving records from a database 

with links are given so that records are retrieved only 

once and not multiple times as happens when using the 

traditional method of retrieval. Improvements as great 

as 50 percent are expected for queries over databases 

containing only many-to-one relationships and much 

greater improvements are expected when many-to-many 

relationships are embedded in the database. Further­

more, it is shown how to combine relational and network 

retrieval methods. Relations, containing many tuples, 

are created during the evaluation of a network query. 

Each relation is either joined with other relations or is 

used to continue the evaluation of the network query. 

The methods given show how to optimize data retrieval 

from a relational database that is implemented using 

links, where each link represents a many-to-one relation­

ship.
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1. In tro d u c tio n

It is a commonly held notion that retrieval of data 

from a database that has links occurs one tuple at a 

time. That is, one data manipulation language (abbr. 

DML) operator retrieves one record from the database. 

To obtain a tuple in the query result, a sequence of DML 

operators are applied serially. In order to obtain the 

next tuple in the result, we begin anew by applying the 

first operator in the sequence and continuing until the 

last operator is applied. This procedure is following the 

links from one record in a tuple to the next record in the 

tuple until all records in the tuple are found. The links 

need to either be followed or saved, otherwise the con­

nection between the records in the same tuple is lost and 

it becomes impossible to produce that tuple in the query 

result. In the past, no one considered saving the links 

except to answer non-tree queries, that is, queries 

evaluated by visiting the same record type more than 

one time. For example, consider a schema that has a 

record type for Farts, a record type for Suppliers, and a 

dummy record type S P  linked, individually, to P arts  and 

Suppliers indicating those parts supplied by each indivi­

dual supplier. The query “find all suppliers who supply 

at least one part that is supplied by Jones” requires 

P arts  to be visited once for each tuple in the result while 

still remembering the current part supplied by Jones.

We discovered that it is not always necessary to 

retrieve one tuple at a time in answering a query using a 

database with links, nor does it always result in the 

fewest disk accesses. To understand this, we can exam­

ine a many-to-one relationship indicated by a link. Con­

sider a query that lists all parts supplied by each sup­

plier using the schema given above. For a supplier s, we 

retrieve each S P  record linked to a. For each S P  record 

sp, we retrieve the P a tts  record p linked to sp. This is



done for each supplier in the database. A particular 

part p is retrieved not just once, but as many times as 

there are suppliers that supply p. As the average 

number of parts supplied by a single supplier grows, the 

number of useless disk accesses grows. We give two new 

methods for evaluating a query of this nature. Using our 

methods for the above query, a record p for part “bolt” 

is retrieved only once regardless of how many suppliers 

supply bolts.

W hat distinguishes our methods from optimization 

algorithms developed by other researchers 

[DG,KS82,Peter] is that we do not always follow the 

links in evaluating a network query but rather save the 

links in a relation. This relation is later joined with the 

yet unretrieved record types connected to the broken 

link.

The methods we give are useful for network data­

bases as well as for relational databases that have links. 

We can expect the time to answer a simple query, as 

that given above, to be reduced by as much as 50 per­

cent. For more complex queries, the savings can be even 

greater. Other researchers [Codd,Kim,SACLP,WY, 

Yao79] have not considered using links for the imple­

mentation of relations. Our strategies show how to 

optimize the evaluation of queries in a relational data­

base with links.

Background information is given in Section 2 . In 

Section 3 we enumerate and explain the various methods 

of retrieving data from a database with links and sum 

up our results in Section 4.

2. P relim inaries

2.1 . Th e  N etw o rk  M odel

A netw ork schem a  consists of record types, each 

having zero or more data item s, and se ts  that serve as 

many-one lin ks  between record types. We assume that 

all record types are fixed length, data items may contain 

only simple values (i.e., like the entries of a relation), 

null values cannot be stored for the data items, and mul­

timember sets are not allowed. In order to be consistent 

with relational terminology, we refer to data items as 

attribu tes. For each record type, we may declare a com­

bination of some attributes to be a calc-key.

A network schema is drawn as a directed graph, 

where nodes corresponds to record types and arcs to 

sets. An arc (or link) is drawn from the member record

type to the owner record type. Record types 

R i,  . . .  ,R „  form a (directed) path  in the schema if for 

all lS i  < n ,  ft1+1 is an owner of ft; in some set of the 

schema (i.e., there is a link from ft; to ft; + i). If there is 

a path from ft; to fty then R j  is an ancestor of f t ; , and 

ft; is a descendant of fty. Likewise, we use the terms 

owner occurrence, ancestor occurrence, and descendant 

occurrence. Record occurrence ry is an owner occurrence 

of record occurrence r,-, if ry owns a set occurrence in 

which r,- is a member. Suppose that r lt . . .  , r n are 

record occurrences such that for all 1 S i  < n ,  rI +1 is an 

owner occurrence of r,-. Then r„ is an ancestor 

occurrence of r j , and r j  is a descendant occurrence of rn .

2 .1 .1 . T ree  Q ueries

An access tree T  is a connected subgraph of N  such 

that the undirected version of T  is a tree, that is, there 

is exactly one path between any two record types in T. 

An access path P  of an access tree T  is a record ordering 

f t j , . . . , ft;m for all record types in T  and for each 

2 s j s m ,  ft,y is connected to one of the record types 

f t ; , . . . ,  f t ; . via a link of the access tree. When 

evaluating a query, we visit each record type in T  in the 

order specified by the access path. When a record ord­

ering is not important to the method we discuss, we talk 

only about access trees and assume that an access path 

is created and used for the actual evaluation of each 

access tree.

2 .1 .2 . Traversals

In the network model, the most basic way of 

correctly joining records is defined in terms of traversals. 

Suppose that R lt . . .  ,R n is a path of the schema, and 

each r,- is a record occurrence of type f t ; . Then 

r lt . . .  , r n form a path  traversal if for all IS« < n , r)+I 

is an owner occurrence of r,-. A fu ll path traversa l is a 

path traversal r v  . . .  , r n such that R„ has no owners 

(other than SYSTEM). Let r  be a record occurrence of 

type f t. The r-traversa l of ft is obtained by concatenat­

ing r  and all its ancestor occurrences, i.e., by con­

catenating all full path traversals that start at r .  The 

relation obtained by finding the r-traversal of every 

record r  of type ft is the R -tra versa l (of the given net­

work database).

The correct answer to a tree query can be expressed 

as follows. The tree T  has several record types 

ft;,, . . . , ft;m that have no descendants. The (natural)



join of the .R,—traversals for every k  ( I S i S m )  is the 

correct answer to a query.

2 .1 .3 . K ey  o f a Record T yp e

Every record type R  has a key X  which can either 

be a database-key or a calc-key. Every record has a 

database-key which is a physical address and is unique 

among all records in the database. A calc-key declared 

to have no duplicate values establishes that for all 

records of that type, no two records have identical calc- 

key values.

2 .1 .4 . Im p lem en ta tion  o f Sets

We assume that every set is implemented by using a 

multilist unless otherwise specified. A multilist is a ring 

structure containing the owner occurrence of a set 

occurrence and all member occurrences. Each 

occurrence points to the occurrence immediately to its 

right in the ring. Each po in ter  is the database-key of 

the record to which it points. In addition to the ring 

structure the set may have ow ner poin ters, that is, every 

member occurrence contains a pointer to its owner 

occurrence.

2 .2 . T h e  Sam ple Database

In this section, we describe a sample database which 

will be used in the examples through out this paper.

Figure 1 shows a network schema where S  is supplier, P  

is part, C  is customer, R  is sales representative and O  is 

order. Each of the attributes S1# , P # , CO LO R, C # ,  

R # , SALARY, U N IT -P R IC E  and Q U A N T  requires 4 

bytes of storage, and each of the attributes SN A M E , 

SA D D R , P N A M E , C N A M E , C A D D R  and R N A M E  

requires 2 0  bytes of storage. We assume that owner 

pointers are available unless otherwise specified. The 

calc-key of each record type is underlined. Each record 

type is subscripted with the expected number of record 

occurrences in the database of that type. In this paper, 

we assume a page size of 2,048 bytes.

2.3 . C ost E s tim ation

We use a modified version of the cost algorithm 

given by [DG] to compute the cost of a query. Estimat­

ing the cost of a given access path for evaluating a query 

against a network database requires that the following 

parameters of the physical storage structures be avail­

able.

For each record type R ,  we need the following 

parameters:

n jf -  the expected number o i record occurrences;

N jj-  the expected number of disk pages that contain a 

record occurrence of R ;

d j -  the expected number of disk page accesses for 

accessing the index /  of R ;

Figure 1.



dfj -  the expected number of disk page accesses of hash­

ing for the calc-key of R ;

dkey- the expected number of disk pages that must be 

accessed to find all duplicate occurrences for the 

calc-key of R ;

dA -  the number of disk pages in the area A .

For each set S  with member M  and owner O , we 

need the following parameters:

n^r- the expected number of member occurrences for a 

given owner occurrence;

N m - the expected number of disk pages that contain a 

member occurrence of a given owner occurrence;

ag -  the probability that a record occurrence of type M  

is a member occurrence of some set occurrence of S  

(O S tr jS l) ;

d j -  the expected number of disk page accesses of 

retrieving by indexing if an index I  is available for 

S .

In addition to these parameters, we need to consider 

selections that occur in a particular query. The proba­

bility aR that a record occurrence of R  will satisfy the 

selections occurring in a query that contain one or more 

attributes of R  is needed.

To evaluate a query against a network database, the 

network query may include the following operations.

(1) Access all record occurrences of a record type satis­

fying an associated selection condition.

(2) Access all member occurrences that satisfy the asso­

ciated selection condition for a given owner 

occurrence of a set.

(3) Access the owner occurrence for a given member 

record occurrence of a set.

(4) Evaluate an access path and store the result in a 

relation, sort the relation, and then retrieve it again 

later during the evaluation of another access path.

To access all record occurrences of a record type R  

satisfying associated selection condition, the expected 

number of disk page accesses dR is:

•  dR =  dfj+dkey  if the calc-key is used to access R ;

•  dR =  Y (n R , N r , 0 R nR) +  d j if a clustering index is 

used to access R \

where Y (n , m , r)  is the expected number of disk 

pages in a file, which stores n records in m  pages, 

that contain at least one of the r  records being

retrieved. The exact formula for Y  is derived in 

[Yao77], and is approximated by [BGWRR] to:

(
r , rS m /2

(r+ m )/3 , m /2  S r S  2m

m , 2 m

•  dR — N r  if R  is clustered but no index is used to 

access R ;

•  dR =  a R nR + d j  if a non-clustering index is used to 

access R ;

•  dR — nR if R  is the member type of a system- 

owned set and none of the above methods can be 

used;

•  dR =  HA dA for all areas A  containing a record of 

R  otherwise.

To access all member occurrences of type M  that 

satisfy the associated selection condition for a given 

owner occurrence of type O  for a set S , the expected 

number of disk accesses d f j  is:

•  dM =  Y (n M , N m , 0 m um ) +  ¿/ if a clustering index 

is used;

•  dM =  N m  if M  is clustered via set S  but no index 

is used;

•  — ffM nM + d i ^  a non-clustering index is used;

•  d/rf — nM otherwise.

To access the owner occurrence of type O  for a 

given member record occurrence of type M  of a set 5 , 

the expected number of disk page accesses do  is:

•  do  =  0 s  if owner pointers are available;

0 S
•  d 0  =  — (JVM + 1) if owner pointers are not avail­

able and the member occurrences are clustered via 

set S;

0g
•  d0 =  otherwise.

A

Let the disk page size be b. To save or retrieve a 

relation with n tuples and a tuple length of l bytes 

requires p y = f n  / 1 . 6 / / J ]  disk page accesses. To 

sort such a relation by some specified order requires 

approximately d j  =  P f X [ Iog2 P f ] disk page accesses.

3. R etrie va l M ethods

Retrieving tuples one tuple at a time from from a 

database with links, does not always result in the fewest 

disk accesses. To understand this, we can examine the



many-to-one relationship indicated by a link. Consider a 

link S  with member record type R x and owner record 

type R 2. Many record occurrences of type R x have the 

same R 2 owner occurrence. To find a tuple for the 

access path R lt R 2 we first locate an R x record 

occurrence and then find the R 2 owner occurrence. To 

find all tuples for the access path R it R 2 we repeat these 

steps for every record occurrence of type R t that is in 

the database. Consequently, we are retrieving a record 

occurrence r 2 of type R 2 not only once, but as many 

times as there are member record occurrences in the r 2 

set occurrence. The larger the set occurrence, the less 

efficient is the tuple-at-a-time method.

Our retrieval methods show how to split an access 

tree into two or more disjoint access trees where the 

data for each tree is retrieved one tuple at a time, and 

results in a database relation. Every tree other than 

the first tree evaluated is extended to include one of the 

relations resulting from the evaluation of some other 

access tree. Such a relation is a jo in in g  relation  and 

must contain a key of some record type in the access 

tree to which it is appended. The methods we give com­

bine traditional relational and network retrieval 

methods.

In this section we enumerate and explain the 

methods of retrieving data from a database that has 

links. We start by explaining the traditional method of 

retrieving one tuple at a time in Section 3.1. The sort- 

owner method and the split-tree method are the two 

new methods we propose and are presented in Sections

3.2 and 3.3, respectively.

3 .1 . T u p Ie -a t-a -T im e  M ethod

Since every access path R { , . . . ,f?;m implies an ord­

ering in which the records are to be retrieved, we merely 

have to generate code to retrieve R f , then f?,a and so on 

until R im is retrieved. R ii is retrieved using a calc-key if 

unique values are given for attributes in the calc-key 

within the query. Otherwise, every record of type R ^  

must be retrieved. This is done most efficiently by 

retrieving Rf as a member of a system-owned set con­

taining all such records. When R (k is not a member of a 

system-owned set, all areas containing a record of type 

R fi can be scanned sequentially. All other record types, 

J2ta, . . . , R im are retrieved either as a member of a set or 

as an owner of a set. Suppose that we want to retrieve

R{. and R{k is the node that précédés R {. in the access 

path and is connected to R  ̂ in the access tree via link S. 

(There is only one such Rik ) R i. is either the owner of S  

or the member of S  and is appropriately retrieved as one 

or the other.

A test, tha t either accepts or rejects a tuple, con­

taining one or more selections from the query, may 

appear after each record retrieval. Each expression is 

evaluated as early as possible, i.e., immediately after 

values are retrieved for all the attributes that appear in 

the expression.

E xam ple 1: Consider the network schema of Figure 

1 and the query “for each supplier, list the name of all 

parts supplied by the supplier.” This query can be 

correctly answered by the access path S, SP, P. Tuple- 

at-a-time retrieval for this access path retrieves 20 S  

record occurrences, 10,000 S P  record occurrences and

10,000 P  record occurrences (we assume that each record 

retrieval requires a separate disk page access.) Each P  

record occurrence is retrieved 10  times.

3.2 . S o rt-O w n er M ethod

The sort-owner method is a strategy for retrieving a 

record type as an owner of a set only once, regardless of 

the number of member occurrences in its set occurrence. 

In order for a record type R 1 to be retrieved as an 

owner of a set S, the member R 2 of S  must occur prior 

to R i in the access path. The sort-owner method 

retrieves a portion of the access path that includes R 2 

but not R i  and stores the result in a temporary relation 

r  (whose associated relation scheme is denoted as R). At 

the same time, a key for R x is retrieved and stored in r. 

(This key is obtained at no extra cost if R 2 contains the 

calc-key of R x or if R 2 has owner pointers for set S. 

Otherwise, we obtain the database-key by following 

pointers in the multilist structure.) We sort r  by the key 

of the owner record type R  ¡, which gives the method its 

name and is responsible for the achieved speed up. The 

access path we now consider is R, R t . Instead of com­

puting a tuple in the traditional manner of first finding 

an R  record occurrence and then retrieving the R  j 

owner occurrence for every tuple in r, we only retrieve 

an R i  record when the key of f?j in the current R  tuple 

differs from the key of R x in the previous R  tuple.

We can apply the sort-owner method by using one 

of three strategies and show how to do so in Section



3.2.1. The preferred method is dependent on the partic­

ular query. Section 3.2.2 discusses the performance of 

the methods.

3 .2 .1 . O n e-R e latio n , T w o -R e la tion  and P ara lle l 

Strategies

We begin by extracting a subtree T0 that we want 

to evaluate first from an access tree T  such that record 

types R0 , . . . ,R 0n in T  are owner record types in some 

set where the member record type is in T0. In the 

tuple-at-a-time method, each R0. ( lS i  S n ) is retrieved 

as an owner record type. It is these record types that 

we set out to retrieve efficiently. T  may also contain 

record types Rmi, . . . ,Rmp that are member record 

types in some set where the owner record type is in T q. 

Figure 2 shows T0 and all record types connected to 

record types in T0. Access tree T  may be much larger 

than that part of the tree represented in Figure 2. If we 

remove the links from T  that are shown in Figure 2, we 

have T0, a tree for each R0 ( I S iS n )  and a tree for 

each Rm. We show T  represented as a connec­

tion of these subtrees in Figure 3.

The sort-owner method evaluates each T0. ( l £ i f n )  

by using an access tree T{ consisting of T0 and a joining 

relation scheme Rj0i„. as shown in Figure 4. Rj0in. is the 

relation scheme for an intermediate relation resulting 

from evaluating some previous access tree such as T0 or 

an access tree T j (j < i ). The joining relation scheme 

Rj0in. always contains a key of record type R0j, and is 

always sorted by this key value before the evaluation of 

Ti begins. Certain other attributes in Rj„i„. are extrane­

ous to the evaluation of 7; but occur in unless

otherwise specified. Consider a selection

A  K re la tio n a l com parison opera to r>  B

where A is in a record type occurring in some tree 

already evaluated and B  is in a record type occurring in 

some tree not yet evaluated. For each such selection, 

attribute A  occurs in i?yOT-„.. Also, for any tree 7y not 

yet evaluated, the key of R0. is included in Ry0,n.. We 

must also include a key of the owner record type of each

Rm, (l=sy=sp).

The one-relation stra tegy  is characterized by the 

fact that at any one time there is only one intermediate 

relation. T0 is evaluated first and has result fiyOTBl. 

Next, access tree T x containing T0i and R jti„  is

evaluated and has result R j0in2• At time », the access 

tree 7) of Figure 4 is evaluated and the result of the 

evaluation is Rj„in.n - Once access tree Tn is evaluated, 

an access tree containing Rj0in„+l> Tm , Tmp as 

shown in Figure 5 is evaluated and the computation of 

the query is completed.

Note that it is not essential that the access trees 

containing the member record types be evaluated last. 

In most cases, retrieving a record type as a member of a 

set will cause the number of tuples in the result to 

expand greatly. (The only exceptions are when the rela­

tionship between the owner and member is not one-to- 

many but one-to-one or when the query has a very low 

selection probability for the member record type.) For 

this reason, we advocate evaluating the access tree of 

Figure 5 last, not only for this method but for every 

method. In any case, the record types connected to a 

record type in Tg as a member have to be accounted for 

but have no bearing on the algorithms we present.

E xam ple 2: Consider the query of Example 1 and 

the access path S, SP, P  that is used to answer the 

query. When executed using the one-relation sort-owner 

method, the access tree T0 contains record types S, SP 
and has result ryOTr>i over Rjoini(SNAME,P#). Each 

tuple of »*;•<«■„, requires 24 bytes of storage. Saving ry#;„ , 

which contains 10,000 tuples, requires 118 disk page 

accesses. The relation ry0ln; is sorted by P#  with a cost 

of 826 disk page accesses. The access tree T \ containing 

Rjoin R  is then evaluated a tuple at a time. Each page 

of »>,•„, is retrieved once and each record of- P is 

retrieved once for a total of 1,118 disk page accesses. 

Therefore, the time to retrieve P  is 2,062 disk page 

accesses. The time to retrieve P  using the tuple-at-a- 

time method is 10,000 disk page accesses. The one- 

relation strategy shows an improvement of 7Q°/o in the 

time to retrieve P  over the tuple-at-a-time method.

A large cost that the one-relation strategy incurs is 

the cost of sorting the joining relation. This cost can be 

reduced by not including extraneous attributes in the 

joining relation. The width, in bytes, of a tuple is 

reduced and so more tuples can fit in one block. 

Instead, we keep the extraneous attributes in a holding 

relation. A holding relation  contains an intermediate 

result and must be merged with some other holding rela­

tion either before it is joined with the network or before 

the query computation is complete. We denote a holding



relation by Rhoid ■ The next two strategies presented use 

holding relations.

The tw o-relation  stra tegy  is similar to the one- 

relation strategy in that the access trees are evaluated in 

the same sequence. That is, T 0 is evaluated first and 

then a sequence of n access trees as in Figure 4 are 

evaluated one by one starting with T x and progressing to 

Tn . The two-relation strategy is characterized by the 

fact that there are two intermediate result relations at 

any given time. The result of evaluating T a is R j0in, and 

Rhoid,- Rjoin, and Rhoid, are parallel relations. That is

tuple * of R j0in, and tuple i of Rh0u ,  is tuple t in the 

result obtained by evaluating T 0. We must include in 

the relation corresponding to relation scheme f?yotn. a 

column containing the tuple number, or rather an index 

into the relation. We call this column INDEX in Rjoin,- 

The attribute INDEX allows us to join the result of 

evaluating Tf with Rhoid,- To evaluate T,-, R j0i„r is 

sorted by the key of R 0.. The result of evaluating T; is 

R^oid and the value of INDEX appears in this relation 

scheme. Rhoid is sorted by INDEX. Thus, Rhoidi and 

Rhoid can be merged together by the value of INDEX. 
INDEX is implicit in the relation for Rhoid since the 

order of the tuples in Rhoidi never changed. The results 

of this merge are Rhoid,+, and R j0ini+1-

Some extraneous attributes should occur in the join­

ing relation instead of the holding relation for better 

performance. Consider a selection

A  < .rela tional com parison operator>  B  

where A  occurs in some tree already evaluated and B  

occurs in the next tree T,- to be evaluated. The most 

efficient ways to perform this selection is either during 

the evaluation of 7; immediately after the record type 

containing B  is retrieved or while merging Rhoid (i-e., the 

holding relation resulting from evaluating 7}) with 

Rhoid ■ In the former case, A  must occur in 7?yoin. and in 

the later case, B  must occur in Rhoid - Which option is 

the better choice depends upon the expected time to sort 

Rjoin, versus the expected time to sort Rhoid with and 

without the attributes in questions.

E xam ple 8: Consider the query of Example 1. 

When executed with the use of the two-relation strategy, 

the access tree T0 contains record types S, SP and has 

result rhoidl over Rh0id,{SNAME) and ryoini over 

Rjoini(R # , INDEX). The relation ry0,„ ; is sorted by F # .

The access tree T x containing Rj0in,, R is then evaluated 

a tuple at a time and has result r^id  over 

RhoidiP N A M E ,IN D E X ). Relation rhoid is then sorted 

by the attribute IN D E X . Finally, rh0id1 and rhoid are 

merged using IN D E X  to give us the query result. The 

time to retrieve P  using two-relation strategy is 2,580 

disk page accesses. The two-relation strategy shows an 

improvement of 74% in the time to retrieve P  over the 

tuple-at-a-time method.

The parallel stra tegy  is similar to the two-relation 

strategy in that the joining relation schemes do not con­

tain extraneous attributes. We begin by evaluating T 0 

and storing the result in n + 1  parallel relations 

corresponding to relation schemes Rhoiddi 

Rjoin,, • • • , R j0inn • Each joining relation scheme R j0in,>

S n , occurs in T,- along with Ta., and contains 

IN D E X  as an attribute as in the two-relation strategy. 

Rhoid0 contains only those attributes extraneous to the 

evaluation of any T0., I S i S n .  Since we have n joining 

relations, the n access trees T h . . .  ,T n can be evaluated 

in parallel which may be useful in a multiprocessing 

environment. The result of T ,, l £ i  f i n , is Rhoidi- Each 

Rhoidi is sorted by IN D E X . As a last step, Rhoid0> 

Rhoid,, • • • ,Rkold„ are merged together.

Table 1 contains a sketch of each sort-owner stra­

tegy. The access trees at each step are the same for 

each strategy. The difference lies in the intermediate 

results and in the number of sorts and merges that are 

required. Each joining relation ry„-n corresponding to 

relation scheme iZyOTn. is sorted by the key of R 0. before 

Ti is evaluated even though it is not shown in the table.

E xam ple 4 : Consider the network schema of Figure 

1 and the query “for each sales representative, list the

part number, unit price and quantity of all parts sold to 

each customer by the representative.” The access tree 

contains record types C, O, R  and SP. To evaluate this 

query using the parallel strategy, the access tree is sub­

divided into three subtrees To, T0l and T0 . T 0 contains 

C  and O ; T0i contains SP, and T0i contains R. We first 

evaluate T0 one tuple at a time and have result relations 

rhold o’ rjoini and rjoin2 over R hoid0{C N A M E , Q UANT), 

R jo in ^ # , P # ,  IN D E X )  and Fyoina(S#, R # , IN D E X )  

respectively. Then, we sort ry0>ni by S # F #  and ryoi„s by 

S # F # . We evaluate T , and T2 and have result relations 

rhoid, over R ho,d ,{IN D E X , F # , U N IT-PR IC E) and rhoid2



over R hold2(IN D E X , R N A M E ). Both rkoUi and rholdi are 

then sorted by IN D E X . Finally, rhMo> rhMi and rAoMj 

are merged to give us the result for the query. The time 

to retrieve R  and S P  using the parallel strategy is 93,651 

disk page accesses. The time to retrieve R  and S P  using 

the tuple-at-a-time method is 400,000 disk page accesses. 

The parallel sort-owner method shows an improvement 

of 77°/o in the time to retrieve R  and S P  over the tuple- 

at-a-time method.

3 .2 .2 . P erform ance

Figure 6  shows the performance of the one-relation 

sort-owner method versus the performance of the tuple- 

at-a-time method for the case when there are a total of

1 0 0 ,0 0 0  records of the member record type and each set 

occurrence has 1, 2, 4, or 16 member occurrences (the 

number of owner records is 100,000, 50,000, 25,000, 

6,250, respectively). The one-relation sort-owner method 

has a better performance when each set has two or more 

member occurrences satisfying the selection condition 

and a disk page can hold at least 28 tuples.

Whenever there is a one-to-one relationship between 

the owner occurrences and member occurrences in a 

query result, there are no extraneous owner occurrence 

retrievals in the tuple-at-a-time method and so there is 

nothing to improve. When the blocking factor is too 

low, the time to save, sort, and retrieve a relation is 

greater than retrieving the owner occurrences multiple 

times. Both of these cases are exceptional. It is fre­

quently the case tha t a query has a short target list and 

that selections in the query compare the value of a ttri­

butes occurring in the same record type. Consequently, 

the width of each tuple of the holding and/or joining 

relations is small and a disk page can be expected to 

hold more than 50 tuples of the intermediate relations. 

For example, a disk page can hold at least 73 tuples for 

each intermediate relation in the examples given in this 

paper.

3 .3 . S p lit-T re e  M ethod

Whenever a record type R  has more than one owner 

record type in an access tree, every owner record type 

except for one needs to be retrieved as an owner when 

using the tuple-at-a-time method for record retrieval. In 

the split-tree method, we split the access tree into many 

trees so that in each tree R  has at most one owner 

record type. Since in each tree R  has only one owner

record type R l7 R x is retrieved either as a member of a 

set or using a calc-key. Records of type R i  are retrieved 

only once and not multiple times since that phenomenon 

only exists when a record type is retrieved as an owner 

of a set.

Conceptually, we subdivide the access tree T  into as 

many access trees as there are owner record types con­

nected to R  plus one additional access tree. The tree T  

is similar to the one shown in Figure 3, only instead of 

T0, we have a single record type R. Table 2 summarizes 

the split-tree method. There are two choices for each of 

the n access trees. Consider each set 5,- connecting R 0( 

to R. If the data structure used to store the set 

occurrences for 5,- uses a dense index, as in a dense 

balanced-binary tree, instead of a simple multilist struc­

ture, then we do not retrieve R  but only the key-value 

obtained from the dense index. We indicate this in the 

access tree by R .

The result of evaluating access tree T7 is R koldi ■ 

Each R koid., 1 s i s n ,  is sorted by the key of R  and then 

merged together. If every set 5,-, I S f S n ,  had a dense 

index, then retrieving R  may not be necessary. We need 

only retrieve R  if R  contains attributes occurring either 

in the target list or in a selection, or if R  has at least one 

descendent record type in access tree T.

E xam ple 5: Consider the network schema of Figure 

1 and the query “for each supplier in Urbana, list the 

part number and unit price of all bolts supplied by the 

supplier.” We make the following assumptions: 5 out of 

20  suppliers are in Urbana; 400 out of 1,000 parts are 

bolts; and both sets S -S P  and P -S P  have a dense index. 

The access, tree T  contains record types S, P , S P  and is 

subdivided into three trees containing attributes S; P, 

and SP, respectively. To retrieve S  and the index of 5- 

S P  requires 35 disk page accesses. The intermediate 

result is relation rho,di over R hMi(SN A M E , S # ,  P#). 

To retrieve P  and the index of P -S P  requires 1,400 disk 

page accesses. The intermediate result is relation rkoldt 

over R koid l,S#, P #). To save, sort, and retrieve rholdi 

and rkg[da requires 280 and 96 disk page accesses, respec­

tively. Finally, only 1,000 record occurrences of S P  

satisfy both selection conditions and will be retrieved for 

a cost of 1,000 (or fewer) disk page accesses. The total

cost to evaluate this query is therefore, 2,811 disk page 

accesses. The total cost to evaluate this query using the 

tuple-at-at-time method is 5,020 disk page accesses. The



split-tree method shows an improvement of 44% over 

the tuple-at-a-time method.

3 .4 . Exam ples C om paring  the  M ethods

Table 3 gives three queries and the number of disk 

page accesses required to answer the queries using each 

of the methods we presented in this paper. For the first 

query, “for each supplier, list all parts supplied by the 

supplier” , the one-relation sort-owner method is the best 

method and shows an improvement of 40% over the 

tuple-at-a-time method. For the second query, “for each 

sales representative, list the part number, unit price and 

quantity of all parts sold to each customer by the sales 

representative” , the parallel sort-owner method is the 

best method and is 51% better than the tuple-at-a-time 

method. The last query, “for each supplier in Urbana, 

list the part number and unit price of all bolts supplied 

by the supplier” , is answered using the fewest disk page 

accesses by the split-tree method with a 44% improve­

ment over the tuple-at-a-time method.

The methods we give to reduce the cost of retriev­

ing a record type as an owner of a set are usually supe­

rior to the traditional tuple-at-a-time retrieval method 

although no one method is always best. The tuple-at-a- 

time method is always best when a link represents a 

one-to-one relationship instead of the more general 

many-to-one relationship intended by the link. When 

considering true many-to-one relationships, the sort- 

owner method is clearly the superior method whenever 

owner pointers are available and there is no dense index 

to make the split-tree method a feasible alternative. 

The one-relation sort-owner method requires one sort 

and one merge for each owner record type we retrieve. 

The parallel sort-owner method requires two sorts for 

each such owner, but only one merge for the entire 

query. The difference between the strategies lies in the 

attributes that occur in the intermediate relation 

schemes for each strategy. Applying the parallel stra­

tegy or two-relation strategy can sometimes reduce the 

number of attributes in each single intermediate result 

so that the two sorts take less time than the one 

required in the one-relation strategy. When there are no 

target list attributes or attributes involved in selections 

requiring later evaluation, the time required by the one- 

relation strategy is hard to beat. (A multiprocessing 

environment may make the parallel strategy more desir­

able by reducing the elapsed time even though the CPU

time may be greater than in the serial evaluation.) The 

split-tree method may be the best strategy whenever 

there are few owner records satisfying the selections. 

The methods we give can be applied recursively for each 

subtree we create and can be mixed freely with each 

other (and with other relational and network optimiza­

tion techniques) for the evaluation of a single query.

4 . Conclusion

Dayal and Goodman [DG] show the best possible 

way to answer a network tree query under the assump­

tion that links must always be followed. We have shown 

that the assumption is not necessary and in fact is con­

trary to good performance. The optimization methods 

we give do not always follow the links and show how to 

combine relational and network retrieval methods.

The optimization methods we give are useful for 

network database retrieval such as for retrieval of data 

from standard Codasyl databases (CODA) as well as 

from relations implemented by using links as advocated 

by [KS83,KS84], More work needs to be done to show 

how to translate queries for a relationally complete 

language over a relational database with links. Previ­

ously known optimization techniques for relational data­

bases can be used (such as the nested loop method used 

in System-R [SACLP] and the nested-block method 

[Kim]) as well as the additional options provided by hav­

ing links that connect the relations. It is possible to use 

the links in combination with traditional relational tech­

niques while answering a single query. P art of the query 

may be answered using methods given in this paper 

while another part of the query may be answered in the 

least amount of time by applying a relational method 

such as nested-block method. A global algorithm should 

be developed to show how best to evaluate a query 

whenever the data has links, whether the database is a 

relational database or a network database.
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T h e  access tree fo r T  represented as 

the connection o f n +p + 1  subtrees.

Figure 3.
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[1] Cost fo r tuple-at-a-time method.

[2] Cost for sort-owner method w ith 1 member/set occurrence.

[3] Cost for sort-owner method w ith  2 members/set occurrence.

[4] Cost for sort-owner method w ith  4 members/set occurrence.

[5] Cost for sort-owner method w ith  16 members/set occurrence.

Figure 6.
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2) sort Rhea
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1) result is R kMx
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2) sort RhMn^

1) result is R kMn

2) sort RhMn

merge R hM<j

R kM f ■ ■ ■ 

result is
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Sketch o f each sort-ow ner m ethod.
Table 1.
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T
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T
»2

Tou merge retrieve R  if
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R , ..noldi attributes of R

set has a in target list,

dense index in selection or

for R R  has member

R R R R hold„ record types

or or or
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set does

not have a

dense index

for R J? R J?

result ^held, ^holdn

relations

Time 1 1 1 1 2 3

S p lit-tree  m ethod

Table 2.

methods tuple-at-a-time sort-owner method split-tree

query -------------- method one-relation two-relation parallel method

Ql: for each supplier, list all parts 

supplied by the supplier 2 0 ,0 2 0 12,082 12,600 12,600 14,820

Q2: for each sales representative, list 

the part number, unit price and 

quantity of all parts sold to each 

customer by the sales representative

600,100 315,116 295,628 293,751 310,402

Q3: for each supplier in Urbana, list 

the part number and unit price of 

all bolts supplied by the supplier

5,020 3,800 3,656 3,656 2,811

C ost o f eva luating  queries using d ifferen t m ethods.

Table 3.


