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Abstract. In Data Warehouse (DWH) environments administrators commonly
face the following problems: exponential growth of the DWH; massive storage
requirements; excessive long query response times; excessive Extract,

Transform and Load data (ETL) times; big batch processing windows to backup

and restore the environment; and increasing complexity of DBA tasks. We
propose the use of alternative data models utilising a vertical approach to data

storage (Binary-Relational, Triple Store-Associative) as opposed to the

traditional horizontal storage approach used by the relational model, as a better

approach for DWH environments. We present an impartial evaluation of these

models using an extended TPC-H benchmark, the extensions taking into
account ETL times, Storage requirements, and Backup / Restore times plus
Queries response times. These extensions represent common issues in a

production DWH environment, and to the best of our knowledge, are not

considered in any existing benchmark.

1. Introduction

From the early days of data processing systems through the development of relational

databases up to the present day, data has been stored and processed following a

horizontal approach, where data is stored in records or relations with n number of
fields or attributes. This approach has been called the N-ary storage model (NSM) by

Copeland [6] and Direct Image Systems (DIS) by Date in [7].

Other researchers have focused onavertical approach to store and manage the data
and abandon the traditional record structure. The idea of vertical storage models is not

new, but its application on Data Warehousing environments is novel.

In 1985 G.Copeland published a paper "A Decomposition Storage Model" (DSM)

[6] which follows a Binary-relational approach. This approach formed the basis on

which Boncz et.al. [4][22] developed MonetDB [11] Stonebraker et.al are building C-

Store [21] and it is also the base model of SybaseIQ [22]. In the fundamental paper

presented in 1988 by G. Sharman [18] they defined the Triple Store Model that was

further developed and enriched by P.King in the Tristarp project [24]. S. Williams

used this work as the basis to create his Associative Model of Data and thence build

the SentencesDB [25].
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Another approach that abandons the record structure and follows a vertical

approach is presented in [7] by Date, where the Transrelational TM Model is

described. The authors have implemented the essential algorithms and reported its

behaviour in [11].

2. Identified Problems

The Relational Model is the predominant model used in commercial DBMS and of

the vast majority of companies use Relational products. RDBMS have been

demonstrated to be very successful in transactional environments. However RDBMS

have since been used to create Data Warehouses without questioning if this is the best

approach to manage this type of system. The following problems have been identified

in Relational Data Warehouses:

Data Warehouse grows at an exponential rate [8]

The Data Base explosion phenomenon [14] is hard to control or eliminate

Poor management of data sparsity [10]
Low Data Density [10]

Huge amounts of disk storage are required [26]

The cost of storage and its maintenance are not negligible [8] and the storage
itself could be up to 80% ofthe entire system cost [26]

Long query response times is one of the main user complains, an average 17%
of the sites using OLAP tools, with the worst case reaching 42% of the sites

that use Oracle Discoverer [17]

Long periods oftime to Extract, Transform and Load (ETL) data [10]

Big batch processing windows to Backup and Restore the environment [10]

Increasing complexity of the Data Base Administration tasks

Different approaches (approximate queries [1], materialized views [2], Iceberg cubes

[3], dwarf cubes [19], bit map indexes [20]) have been researched to tackle these

problems but the fundamental reason has yet to be addressed properly: The horizontal

approach used by the Relational model to store data is not the best approach for data

warehouses. We propose the use of alternative models that abandon the traditional
record structure and follow a vertical approach to store and manage data to be used in

Data Warehouse environments. Boncz et al [4] have been working with this approach

using a Binary-Relational approach, but it is necessary to benchmark other data

models which use vertical approaches, and also all the daily tasks that are involved in

a production data warehousing environment. To the best of our knowledge, any of the

existing benchmarks consider the whole data warehousing cycle.

In order to do this we propose to extend the TPC-H benchmark and to consider the

whole Data Warehousing cycle. The extended benchmark is explained section 3 and

the results for each model are presented in section 5.
The Authors have published performance metrics of the behaviour of the

alternative data models in [10], [11],[13].
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Space Requirements (MB) Space Requirements (MB)

Relational

(Indexes

Relational and

SF=100MB Binary (Pristine) Statistics) SF=1GB Binary

Relational

(Pristine)

Relational

(Indexes

and

Statistics)

Input File 98.4 102.8 Input File 1,004.9102.8 1,049.6 1.049.6

Space in DB 83.5 126.3 Space in DB 838.1 1.227.1 1,227.1
126.3

Indexes Space 489.6
Indexes Spасе 49.2

Backup Space 838.1 1,157.0 1.604.0
Backup Spаce 83.6 114.0 162.3 Aditional

Temporal space
to run Queries 1,497.0

Total (MB) 265.5 343.1 440.6 Total (MB) 2,681.1 4,930.7 4,370.3

Fig. 12. Total Space Requirements

Time Requirements (seconds) Time Requirements
Relationa

(Indexes

Relational and

SF=100MB Binary (Pristine) Statistics) SF=1GB Binary

Relational

(Pristine)

(seconds)
Relational

(Indexes

and

Statistics)
Load 0.5 24 24 Load 303.6 1,192.4 1,192.4
Backup 6.2 34.8 48.4 Backup 111.7 400.6 555.0

Restore 10.4 78.9 1127 Restore 103.1 504.4 700.0

Statistics 51.3 Statistics 937.9

Indexing 33.1 Indexing 511.5

Total Processing

Time(Seconds) 17.1 116.1 247.9

Total Processing

Time(Seconds) 518.4 2,097.4 3,896.8

Minutes 8.6 35.0 64.9

Total Query

Response Time

(Seconds) 9.5

Total Query

Response Time
(seconds) 228.7

2,171.2 36.9 3.789.161.4 1,941.0

Minutes
Minutes 3.8

36.2
63,152.7 32.3

Days 43.9

Fig. 13. Total Time requirements
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