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Organizing Files for Performance: 

Reclaiming space in files 



Outline 

• We will be looking at four different issues: 

–Data Compression: how to make files 
smaller 

–Reclaiming space in files that have 
undergone deletions and updates 

– Sorting Files in order to support binary 
searching  Internal Sorting 

–A better Sorting Method: KeySorting 
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Motivation 
• Let us consider a file of records (fixed length or 

variable length) 

• We know how to create a file, how to add records to 
a file, and modify the content of a record. 

– These actions can be performed physically by using the 
various basic file operations we have been seen (fopen, 
fclose, fseek, fread, and fwrite). 

• What happens if records need to be deleted? 

– There is no basic operations that allows us to remove part 
of a file. 

– Record deletion should be taken care by the program 
responsible for file organization 
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Strategies for Record Deletion: 
1. Record Deletion and Storage Compaction 

• How to delete records and reuse the unused space? 

• 1. Record Deletion and Storage Compaction. 

– Deletion can be done by marking a record as deleted. 

– Note that the space for the record is not released, but the 
program that manipulates the file must include logic that 
checks if record is deleted or not. 

– After a lot of records have been deleted, a special program 
is used to squeeze the file, that is called Storage 
Compaction. 
• Storage Compaction can be used with both fixed- and variable-

length records. 
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Example 

5 



2. Deleting Fixed-Length Records for 
Reclaiming Space Dynamically 

• In some applications, it is necessary to reclaim 
space immediately.  

• To do so, we must: 
– Mark deleted records in some special ways. 
– Find the space that deleted records once occupied, so 

that we can reuse that space when we add records. 
– Come up with a way to know immediately if there are 

empty slots in the file and jump directly to them. 

• Solution: Use an avail linked list in the form of a 
stack. Relative Record Numbers (RRNs) play the 
role of pointers. 
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Example 

7 

- If we add a record, it can go to the first 

available spot in the avail list where RRN=4 

 header’s RRN=2 

- If we delete a record (Edwards), header’s 

RRN=5, RRN 5 links to RRN 4 



3. Deleting Variable-Length Records for 
Reclaiming Space Dynamically 

• Same ideas as for Fixed-Length Records, but a 
different implementation must be used. 

– The records in avail list must store its size as a field. 

– RRN can not be used, but exact byte offset must be 
used. 

– Addition of records must find a large enough record 
in avail list. 

• Avail list cannot be a stack, since we have to make sure 
that when re-using a record it is of the right size. 
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Example of Deletion 
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Removal of a record from an avail list 
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Storage Fragmentation 

• Wasted Space within a record is called internal 
Fragmentation. 

• Variable-Length records do not suffer from internal 
fragmentation. However, external fragmentation is 
not avoided. 

• 3 ways to deal with external fragmentation:  

– Storage Compaction. 

– Coalescing the holes. 
– If two record slots on the avail list are physically 

adjacent, combine them to make a single, larger record 
slot. 

– Using a clever placement strategy 
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Placement Strategies 

• 1. First Fit Strategy 

– Avail list is not sorted by size. 

– Choose the first available record slot that can hold 
the new record. 

• Example 

– Avail list: size=10, size=50, size=22, size=60 

– New record: size=20 

– Choose size=50 
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Placement Strategies – cont’d 

• 2. Best Fit Strategy 
– Avail list is sorted by size. 

– Choose the smallest available record slot that can hold the new record. 

– After inserting the new record, the free area left may be too small to 
be useful. 

• May cause serious external fragmentation (dependent on the 
implementation). 

• Increase the search time for the best-fit space. 

• Example 
– Avail list: size=10, size=22, size=50, size=60 

– New record: size=20 

– Choose size=22 
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Placement Strategies – cont’d 

• 3. Worst Fit Strategy 

– Avail list is sorted by decreasing order of size. 

– Choose the largest available record slot. 

– Decrease the chance of external fragmentation. 

• Example 

– Avail list: size=60, size=50, size=22, size=10 

– New record: size=20 

– Choose size=60 
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Placement Strategies – cont’d 

• Some general remarks about placement 
strategies: 
– Placement strategies only apply to variable-length 

records. 

– If space is lost due to internal fragmentation, the 
choice is first fit and best fit. A worst fit strategy 
truly makes internal fragmentation worse. 

– If the space is lost due to external fragmentation, 
one should give careful consideration to a worst-fit 
strategy. 
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