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Chapter 5: 
 

Physical Database Design 

Designing Physical Files 
•  Technique for physically arranging records of a 

file on secondary storage 

•  File Organizations 
– Sequential (Fig. 5-7a): the most efficient with 

storage space. 
– Indexed (Fig. 5-7b) : quick retrieval 
– Hashed (Fig. 5-7c) : easiest to update  
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Sequential 

Figure 5-7a Sequential 
file organization 

If not sorted 
Average time to 

find desired 
record = n/2 

1 

2 

n 

 Records of the file are 
stored in sequence by 
the primary key field 

values 

If sorted – every 
insert or delete 
requires resort 
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Sequential Files 
•  Simplest form of file organization 
•  New records are placed in the last page of the file, or if 

the record does not fit a new page is added to the file. 
•  If no order with respect to values, linear search has 

to be performed to find a specific record. 
•  If sorted by some values, binary search can be 

performed on that value, BUT update/delete/insert 
operations add overhead  

Indexing 
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Indexed File Organization 
•  Storage of records sequentially or non-sequentially with 

an index that allows software to locate individual records 
•  Index: a table used to determine the location of records; 

based on a key field or a non-key field.  
•  Primary keys are automatically indexed 

Indexed File Organization 
•  Secondary data structures that improve searches 
•  Primary Index 

–  Index on the primary key 
–  Data file physically sorted by the key 

•  Clustering Index 
–  Index on a non-key field 
–  Data file physically sorted by the non-key field 

•  Secondary Index 
–  Could be on a key or non-key field 
–  Data file not sorted by this field 
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Indexed File Organization 

Example Clustering Index 

Only one cluster index is possible 
(of course, since the clustering index enforces an order on the records) 

Secondary 
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Sparse primary index: 
Pointer points to the  

first value in each block 

 
 

 
 
 
 
 

Sparse clustering index: 
Pointer points to the  

first block that contains  
any record with that value 
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Multilevel index: 
Pointer points to the  

first value in each block 

•  Treat the index file as a data file  
•  Implement a sparse index for this file 
•  The result is a search tree 

Review: Search Trees 
•  Keys and pointers to records are 

organized in a tree 
•  In a binary tree, nodes to the left 

have lower keys 
•  Unbalanced trees do not help 
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B-Trees (Bayer Trees) 

Check animation at:      http://slady.net/java/bt/view.php 
 

B+Tree Index 

All key values on 
the bottom level. 

Average time to find desired 
record = depth of the tree 

Leaves of the tree 
are all at same 

level à 
consistent access 

time 
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Indexing – Performance Analysis 
•  Sample database schema: 

  

 Field_Name  Datatype  Size_on_Disk  
 ID (Primary key)  INT   4 bytes  
 firstName   CHAR(50)  50 bytes  
 lastName   CHAR(50)  50 bytes  
 emailAddress  CHAR(100)  100 bytes 

 

•  Assume 5 million rows, page size = 1024 bytes 
•  Blocking factor = ____________ 
•  Number of pages for the table = _______________ 
•  Linear search on ID requires __________ disk accesses 
•  Binary search on sorted ID requires ________ disk accesses 

Indexing – Performance Analysis 
•  firstName is not sorted, so a binary search is impossible 
•  Schema for an index on firstName 

  

 Field_Name  Datatype  Size_on_Disk  
 firstName   CHAR(50)  50 bytes  
 recordPointer  special  4 bytes 

 

•  Assume 5 million rows, page size = 1024 bytes 
•  Blocking factor = ____________ 
•  Number of pages for the index = _______________ 
•  Binary search on index requires ________ disk accesses 

 (Plus one more disk access to read the actual record) 
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Summary of Indexes 
•  Balanced trees make searching way faster 
•  Logarithmic instead of linear 

–  10 instead of 1,000 
–  20 instead of 1,000,000 

•  The base (of the logarithm) is not that important 
•  Two main kinds 

–  Search trees (B-trees) 
–  Hash tables (next) 

Hashing 
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Hash Tables 
•  Place records (or key and pointer) in buckets 
•  Use a function on the key to find the appropriate 

bucket 
•  Problems 

–  Collisions (several keys map to the same bucket) 
–  Overflow (too many keys for the bucket) 

•  Most good functions help only with point queries 

Figure 5-7c 
Hashed file or index 

organization  

Hash algorithm 
Usually uses division-

remainder to 
determine record 

position. Records with 
same position are 
grouped in lists 

 Animation @ http://www.cs.pitt.edu/~kirk/cs1501/animations/Hashing.html 
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Example Hash File 
•  Let x be the digits in StaffNumber 
•  Hash Function H(x) = x mod 3 

Now insert B21 Wien: 
H(21) = 21 mod 3 = 0 

What do we do when we want to insert  
L41 Graz? (bucket 2) 

Resolving Collisions 
•  Open Addressing 

–  Search the file for the first available slot to insert the record  

•  Overflow Area 
–  Instead of searching a free slot, maintain an overflow 

collision area 
•  Multiple Hashing 

–  Applies a second hash function if the first one results in a 
collision. Usually used to place records in an overflow area. 
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Example Open Addressing  

Insert L41 Graz 

Example Overflow Area 
Pointer to 

Overflow Area 
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File Organizations -- Summary 
•  Unordered 
•  Sequential / Sorted 

– Problem: reorganization 
•  Primary Indexed 

– Records are organized according to an index 
– May help with sequential scan (sorted) 

•  Secondary Indexed 
– Create index for some key (not affecting records) 

•  Clustered 
– Store several kinds of records on the same page 

SQL Indexes 

•  SQL indexes can be created on the basis of any 
selected attributes 
 

CREATE INDEX student_name_idx 
ON Student (Name); 
 
CREATE CLUSTERED INDEX student_age_idx 
ON Student (Age); 
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SQL Indexes (contd.) 

 
 
You may even create an index that prevents you 
from using a value that has been used before.  
Such a feature is especially useful when the 
index field (attribute) is a primary key whose 
values must not be duplicated: 
 
CREATE UNIQUE INDEX <index_field> 
ON <tablename> (the key field); 
 
DROP INDEX <index_name> ON <tablename>; 

Rules for Using Indexes 
1.  Use on larger tables 
2.  Index the primary key of each table 
3.  Index search fields (fields frequently in 

WHERE clause) 
4.  Fields in SQL ORDER BY and GROUP BY 

commands 
5.  When there are >100 values but not when 

there are <30 values 
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Rules for Using Indexes (cont.) 
6.  Avoid use of indexes for fields with long values; 

perhaps compress values first 
7.  If key to index is used to determine location of 

record, use surrogate (like sequence nbr) to 
allow even spread in storage area 

8.  DBMS may have limit on number of indexes per 
table and number of bytes per indexed field(s) 

9.  Be careful of indexing attributes with null 
values; many DBMSs will not recognize null 
values in an index search 


