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Introduction

This paper is meant to accompany the PowerPoint presentation by the same name. The information and ideas contained by these papers are founded on 3 years of work as the lead DBA for the 7-11 Corporation’s data warehouse for reporting on 7000 convenient stores’ Point of Sale (POS) and Electronic Data Interchange (EDI) information.

Built by Electronic Data Systems (EDS), this multi-terabyte data warehouse was constructed on a Hewlett Packard V-2200 with 16 400 MHz PA-RISC CPU’s and 8 gigabytes of RAM. The operating system was the 64-bit version of Hewlett Packard’s UNIX, HP-UX 11.0. We used an EMC Symmetrix 3700-47 with 4 gigabytes of cache and 3 terabytes usable of mirrored disk space.

We started with Oracle 7.3.3 and progressed to Oracle 8.1.5. Over those 3 years, we learned numerous hardware, operating system and database tuning issues. At first, our reports took over 12 hours to complete. Today, those same reports run in less than 7 minutes on average. Most of those run-time gains were made possible by Oracle 8.X optimizer improvements.

Note: this paper’s section headings match the PowerPoint slides’ page headers.

Star Schema Design

Data warehouse projects are rampant. Every company claims to be building one.

In reality, most companies are building Operational Data Stores (ODS). An ODS is really just a traditional database design, with a few extra columns – most often timestamps. The ODS was originally intended to provide a historical collection of OLTP data from legacy systems, which could then be used as a single source for loading into a data warehouse. Unfortunately, most people seem content with calling this initial stepping stone the data warehouse. But it’s reality still a predominately OLTP design, with OLTP tuning issues merely scaled up to accommodate the higher volumes of data.

However, some companies are following Ralph Kimball’s Dimensional Modeling technique, known as “Star Schema” design, to construct true data warehouses. This design methodology goes contrary to conventional OLTP design theory. The goal is just the reverse of the norm. With this technique, we strive for fewer, larger tables – with a very low degree of normalization. In fact, the whole design concept seems initially quite bizarre to the seasoned DBA. Old rules and tricks no longer apply. Welcome to the strange and wonderful world of tuning data warehouses. You’re not in Kansas anymore Dorothy. Leave your baggage behind, as we look at the techniques to tune such radically different database designs.

Modeling Stars

Modeling “Star Schemas” is easy. In fact, you can use any data modeling software – even if that software does not have any data warehousing specific extensions. In fact (no pun intended), you can just view the fact tables as base tables with numerous lookup tables, known as dimensions. While some data modeling tools tout supporting different graphic representations for dimensions and facts, it doesn’t amount to much – other than show. Some tools do support the modeling of aggregations and have hierarchy browsers, but with Oracle 8i’s new Materialized Views and Dimensions, it’s less important that they be directly supported in the data model. In fact with Materialized Views, you may just want to model the detailed fact tables.  So a typical data model might only have four to ten detailed fact tables and four to ten dimensions – or a total of only 20 or so entities. That’s small potatoes when compared to OLTP models, which can often have hundreds or even thousands of entities.

Size of Stars

One big difference between traditional and “Star Schema” designs is the relative size difference between the table types. With OLTP and ODS systems, you can have tables with a wide range of row counts.  For example, an OLTP system may have tables with a few thousand to a few million rows. And an ODS might have tables with a few thousand to tens or even hundreds of millions of rows. But a “Star Schema” design has only two kinds of tables: small dimensions and huge facts. The typical dimension might have from a few thousand to a few hundred thousand rows, but facts are truly gargantuan – typically a few hundred million to a few billion rows! In data warehousing, size does matter.

Hardware Not Compensate

It’s human nature to look for the easy way out. Often, that translates into buying more and bigger hardware. But hardware has its limitations, hence the old joke that a Cray computer is so fast it can run an infinite loop in under four seconds. While there is a whole arsenal of latest and greatest hardware, data warehouses will not be successful based solely upon their hardware platform – true success requires tuning. And as we’ll see, “Star Schema” tuning is unlike any tuning you’ve ever done before.

DB Design Paramount

My motto is “it’s the design stupid”. It’s simple, but to the point. If the database design is sub-optimal, then nothing else matters. To that effect, I offer golden rule #1 for “Star Schema” tuning: get the serial explain plan correct before trying partitioning or parallel queries. To many people rely on SMP or MPP machines to do parallel full table scans. Get a good serial explain plan first; then see if partitioning or parallel improves upon it.

Key Tuning Requirements

Stated simply, you must be on Oracle 8.X with all the right features being utilized to tune “Star Schemas”. I’ve tried every imaginable combination of DBA tricks, there is only one successful formula – and that’s it.

Oracle 8.X

You cannot build a successful “Star Schema” database on Oracle 7.X – no ands, ifs or buts. It cannot be done. The optimizer is stupid, the STAR hint/plan is worthless and the bitmap indexes are buggy at best. Only Oracle 8.X can handle large “Star Schemas”.

Oracle 8.0 Init.Ora

There are over two-dozen init.ora parameters that could be set to improve “Star Schema” queries. Of those, about a dozen are important (see bolded items on PowerPoint slide). But none is more important than STAR_TRANSFORMATION. This is the new hint/plan offered with Oracle 8.0 that makes “Star Schema” queries hum. It utilizes bitmap indexes and hash joins. This feature alone accounted for approximately 90% of our reports’ run-time improvements. For more details, see Oracle white paper “Star Queries in Oracle8”

[June 1997].

Oracle 8.1 Init.Ora

No good deed goes unpunished. With Oracle 8i, the STAR_TRANSFORMATION was improved in several key ways. One was to permit it to construct temporary internal tables while processing. Unfortunately, this improvement results in an ORA-600 error message with a value of yes. We have to use the TEMP_DISABLE value for things to work the same way they did in 8.0. Also, notice that are fewer parameters. Oracle 8i has thankfully done away with many of the older and harder to understand parameters.

Bitmap Indexes

Here’s the first place that many OLTP DBA’s start to question. If you read the Oracle white paper on Star Schema design, then you’re already on board. Otherwise, this advice may seem a bit strange. Individually bitmap index each of the fact tables’ foreign key columns and each of the dimension tables’ non-key columns. Resist the urge to use b-tree indexes – regardless of data type. That’s one heck of a lot of indexes. For our 20-table model, we had 294 indexes!  But that’s how you get seven-minute reports on ad-hoc queries against billion row tables.

Cost Based Optimizer

Here’s another mandatory change. You must use the cost based optimizer, with both statistics and histograms. While the need for statistics is somewhat more obvious, the question most asked is why do we need the histograms. From a common sensed approach, they seem superfluous at best. But in reality, the only way to eliminate primary key indexes from the explain plans is with the histograms. Remember, we want only bitmap indexes and hash joins – not b-tree index range scans. You’ll notice the difference. One way the queries come back; the other way they don’t. In our data warehouse, we analyzed all our tables and indexes nightly.

Performance Findings

We had a simple test query: “how much beer and coffee were sold in November of 1998 by Dallas stores”. We wanted to verify obtaining the STAR_TRANSVORMATION explain plan (see page 20 of PowerPoint slides). The desired explain plan uses only bitmap indexes and hash joins. Moreover if done correctly, you can obtain the same explain plan on tables with billions, millions or even just hundreds-of-thousands of rows. Plus, you can get the same results across Oracle for both UNIX and NT. This permitted us to test with small tables on the DBA’s PC’s. 

SQL Plus Timing Results

The best route to go is non-parallel queries against partitioned tables. This makes sense logically (i.e. indexes less work and faster than full table scans). Plus, partitions are the way to go for managing large tables. Unfortunately with Oracle 8.0, the optimizer does not do partition elimination very efficiently. It reads at least one row from each partition in order to decide if elimination is possible.  With Oracle 8i, this has been corrected. But with either version, serial explain plans against partitioned tables was fastest.

Plethora Oracle 8i Options

Oracle 8i offers numerous options for constructing fact tables. While we had hoped that composite partitioning (i.e. both range and hash) would yield better results than simple range partitioning, results show that composite partitioning is not as efficient. I suspect that since our user queries (like most data warehousing queries) hit many rows, that the hashing function and distribution of data among the hash buckets slowed performance. Hence, simple range partitioning of fact tables is the way to go. We did not have time to test the effects of using materialized views for our aggregation tables, although results should have been similar. Materialized views merely offer convenience for defining and loading of the aggregates. Once created, they behave the same as regular tables.
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