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Index Structure for the Fact T able of aStar-Join Schema ond Template

Query Processing
AnnaRozeva

Abstract: Star-join is a database scheme designed for the purpose of dafa warehousing. A typicd
qQuery on a sta-join scheme as well as an dgorithm for ifs processing has been examined An index
structure for the star-join fact table has been propcs ed with the am of fadilitating femplate query prooessing.
A multilevel index for the fact fable's composite key has been build having fime_key cs a top level. S fream
processing technique has been implemented for res dving query’s goolication and join consfraints as well ¢s

the agaregation step of the query proces sing dgorithm.
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INTRODUCTION

Star-join (4) is the databos e schema designed for implementing the dmensiond data
model. This model has turned out 1o e the most naturd ond comprehensive one for
desaibing business activity. A typicd business is deding with selling products in a numioer
of markets ond measures its performonce over time. T he star-join schema of abbusiness is
shownin fig.1.
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Fig.1. Star-join schema

Unlike the entity relations hip schema star-join consists of very few tades. T he tadle
which houses numericd measurements of the business, i.e. sdes, costs, units, etc. is the
fact tale. It is the centre tadle of the star schema. T he other faddes are dmension tales.
They are highly denormdized and store the textud descriptions of the numericd facts.
They represent foouses or perspectives of the business. The fact tdde is the only one with
multiple join connectivity fo the dmension tades. Dimension tadles are linked only through
the foct fddle. Each of the measurements in the foct tadle is taken at the intersection of dll
the dmensions. Numericd focts aopear in the course of fime. Any combination of time,
product ond market generates a dfferent record in the foct tdde. The perioddty with
which recorcs for the fact tdde are generated is cdled a gain. Dimension tades have
simple primary keys. The primary key of eoch dmension tade is present in the fact tole
os aforeign key. As aresult of the referentid infegrity requirement a dmension key in the
foct tale must have its counterpart in a dmension tade. The key of the fact tdde is a
composite or concatenated one from the dmension keys. An index structure for the fact
tfable’s composite key is o e designed. The structure is to serve the prooessing of a
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fypicd star-join query. Algorithms concerning query processing implementing the index will
e presented

TEMPLATE STAR-JOIN QUERY AND PROCESSING ALGORITHM

A typicd query on astar-join schema (4) states:

Find dl product categaries sold in the fourth quarter of 1998 aond present the totd
sdes and units sold. A category refers to a collection of products. The answer set returned
from such a query will look os follows:

Category Sdes Units
Hard disks 15,000 2,000
Processor Chips 23,000 4,800
Colour Monitors 18,000 3.200

The aquery toadl (dient goplication) that produces the above answer set generates the
folowing S QL statement:

S elect p.aategory, sum (f.sdes), sum (f.units)

From foct f, product p, fime t

Where f.product_key = p.product_key
Andf.time_key = t.time_key
Andt.auarter = 4 Q 1998’

Qroup By p.category

Order By p.category

The statements in the where dause represent two types of constrants — join and
application constraints. Join constraints are the referentid integrity constraints on the fact
ond dmension tades. The agogication constraint is restricting a dmension (here the time
dmension) to some subset of records. An dgorithm for the star-join query processing
arawn from this SQL template is shown in fig.2.

Processing dimensions: Evduation of application
constraints for each dimension

v
S et of condidate keys

v

Assembling condidate keys from each dimension
into atrid composite keys

A 4

Searching the fact table for the trial composite
keys

v
Grouping oand summing the maopped records

Fig.2. Algorithm for atypicd star-join query processing
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All queries on a sta-join schema ae select” statfements, eighty percent of them
being browses (singe tale), and twenty percent — multitadle joins (4). Multitadle joins are
o be considered further on.

INDEX STRUCTURE FOR THE FACT TABLE

Index structures for time-stomped recorcs in tempord datdooses have been
presented in (1, 5, 6). These tempord indexes are used to duster data on their fempord
relationships. They have bbeen designed to support effident query refrievd bosed on time.
When examining the foct tdde of a star-join schemaits key is a combination of the foreign
keys of the dmensions:

Kr = {Kp1, Kp2, ..., Kpn}

T he fact fdde dways has the fime os aforeign key. Depending on the granularity that
has been chosen records con be viewed os a history of time slices, each af a time =
Time_key. Eoch time slice will contadn a set of records having time foreign key =
Time_key. Most offen queries concerning the star schema as shown in the template query
os well are looking for records that have been generated of a certain time. In order fo
optimize processing of such queries the index of the fact tadle is designed as a multilevel
one . The first index level indexes records on time foreign key. The next index level will
index on proaduct ond market. Each one of them will form a sublevel. The join constraint in
the auery will determine the subevel to e used. In cos e that there are other dmensions in
the star schema addtiond levels con e build, dependng on the frequency with which
constraints on them ogppear in the queries. The multilevel index structure is shown in fig.3.

Time Level Product Sudlevel Market
A A Mip; j
——» Pm >
T'| M
P
T2 Mpt
v | \N — |
...... Market S udlevel Product
A
Piwn j
M1 Pown
Mirt Pimt

Fig.3. Fact tdde index structure

Each time_key vdue in the time level hos lists of assodated product ond market
keys. The subevels serve join constraints on the correspondng dmensions. An element
of a sublevel has an assodated list of keys from the other subdevel. Thus the product
sublist has alist of market keys, that are assodated o each element. In cose that query
application constraints concern time dmension - output sdes numbers for a stated time
period, only the index’s time level is processed. If goplication or join constraints refer to
other dmensions besides time — output sdes for a product category for a time period, the
correspondng sublevel is prooessed os well. If query constraints involve both dmensions,
output sdes for a product category in a parficular regon, both subevels ae to be
accessed consecautively. The record structure for the index’s levels is shown in fig.4.
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ALGORITHMS FOR PROCESSING ATEMPLATE STAR-JOIN QUERY

From the dgorithm for query processing shown in fig.2. the Iost two steps will e
implemented, i.e. searching the fact tale for the trid composite keys ond aggregating the
records found Browsing the dmension tddes for evaluating aoplication constraints wont
e dsaussed. It is assumed that the assembled condidate keys from each dmension is
passed os a stream to the fact tade index. Stream processing techniques used in
longuoges as C++ (2, 3) ded with on ordered sequence of data olgects. Apdication of this
approach 1o the fact tales index structure proposed in the previous section, turns out o
e straghffooward.  Algorithms oconcerning evduation of tfime periods, joins and
aggregations ond their implementation through stream proces sing will e pres ented further
on.

e Time period dgorithm.

The prodem to be solved consists in selecting the recoras for every time_key vdue
in the time level of the fact fdde index that belongs to the intervad of the fime oopdlication
constrant. By applying stream processing aoproach to the index file it is freated as a
stream of input or output. Given a data ogject, its size con be dedded by using the C++
function sizeof(). When the exact posifion (the exoct adaress) from which a data object is
storedis dedded by using C++ function seekg, the data ogject con e refrieved ond the
file pointer moves 1o the next data object. Given the index file with the top time level ond
the product/market subdlevels time period operation retrieves the records corres pondng to
a fime period (Ti, Tj). This con e performed by using either sequentid or abinary search
of the time level to dedde the aodresses Arj, Arj of records, correspondng fo the time
period (Ti, Tj). The dgorithmiis illustrated by using C++ s eudo-code.

Seach(Ari, A, Ti, T))
For (inti=0; i<nr; i++)
filelndex.s eek(i*sizeof(T )+( Ari-1)*sizecf(T s));
['seek the oddress of the first Ts with time_key in (Ti, Tj) */
For (intj=0; j< Arj.- Ari; j++)
{filelndex read((char®) & Struc_Buf(j), sizeof(T s));
Buf<<Struc_Buf()};
[Tj-Ti+1 recorcs Ts of the ogect Ti+1 are sequentidly read from the index file and
kept in Struc_Buf()*/

Reocords in the Struc_Buf are usedto acoess foct tadle records, that s dtisfy the stated
application constrants.
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e Join dgorithm.

Join of the fact tade ond the dmension taddes hos 1o be performed in order 1o satisfy
join constraints in the template query. T he tadles that have been referred to in the query
ae fact, product and time. Ogects T of fime dmension tade ond P of the product
dmension tades are retrieved ond the vdues of their keys are obtained. Given these keys
the address of the fact F in the foct tade is determined. The foct F is refrieved ond the
predoate is evduated. If true T, P ond F are joined The process is repeated till dl ogects
in the Time ond Product tddes are visited The dgorithm con e expressed using the
following C++ s eudo cock;

For (inti=0; i<nr; i++)
For (intj=0; j< np; j++)
{FileTime.read((char®) & Buf_T, sizeof(T));
FileProduct.reod((char®) & Buf_P, sizeof(P));
Filelndex.s eek(T ime.fime_key, Product.product_key)
[faccording to the values of time_key ond product_key locate the address of F in
fact tdole™/
FileF oct.reaod((char®) & Buf_F, sizeof(F));
If (oredicate) Buf<<(jon T ondP ondF);}

e Aggregation dgorithm.
In order to perform oggregation such as Sum, Avg, Max, efc. an operator agg_func
(7) will be usedin the C++ pseudo code that illustrates the dgorithm:

Seadh(Ary, A, Ti, T
For (inti=0; i<ny; i++)
filelndex.s eek(i*sizeof(T )+( Ari-1)*sizecf(T s));
For (intj=0; j< Arj- Ari; j++)
{filelndex read((char®) & Struc_Buf(j), sizeof(T s));
oog_funa(S truc_Buf.itemi, func, vdue);
[rerform an aggregation function func for aspedfied dttribute, i.e. itemi*/
Buf << vdlue;
Void agg_func(item, char*func, float vdue);
Int =T j-Ti+1;
S witch(func)
{
cose sum:
for (int i=0; i<m; i++)
vaue+=item(j);
breck;
s e avg:
{..
Cos € MOX:
{...
}

CONCLUSIONS AND FUTURE WORK

Atypicd query on astar-join schemahos been dscussed ond a processing dgorithm
presented. An index structure for the fact tade of the schema has bbeen propos ed that will
fadlitate the template query processing. It is a multilevel one with fime key chosen for the
top level ond the next level consisting of two sublevels. Algorithms for the steps of the star-
join proces sing deding with searching the fact tade index for the trid composite keys have
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been designed. Implementation of time period, join ond aggregation operations using C++
stfreamn prooessing technique has been presented. Future work will indude index
maintenonce when new records are loaded in the fact tadle of the schema as well os
brows e queries support ond implementation for the dmension tales.
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