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Abstract 
The Extend File Allocation Table (ExFAT) is the future file 

system for embedded storage devices. The File Allocation Table 

(FAT) file system de-facto file system for embedded storage 

devices such as Multimedia Cards (MMC) / Secure Digital (SD) / 

Micro SD cards, NOR, NAND flash memories. The MMC and 

SD card associations classify the ExFAT as the standard file 

system for storage flash cards of more than 32 Giga Bytes (GB) 

of size. This paper implements the directory compaction 

techniques for both FAT and ExFAT file system to improve the 

availability of the user space in the file systems. 

Keywords: Cluster, Contiguous, Compaction, Directory, 

ExFAT, FAT, File system, Flash memories, MMC, Micro SD, 

NOR, NAND, Storage. 

1. Introduction 

The FAT [1] is widely used file system in tablet personal 

computers, mobile phones, digital cameras and other 

embedded devices for data storage and multi-media 

applications such as video imaging, audio/video playback 

and recording. The initial version of FAT file system was 

FAT12 by Microsoft Corporation, later it was extended as 

FAT16 and further as FAT32 to support higher storage 

capacity. The FAT file system was initially developed to 

use on floppy disks and hard-drives. Since most of the 

Personal Computer (PC) s implements the FAT file system, 

this file system has become a default and world-wide 

compatible storage format for embedded devices. Usually 

the device with the implementation of FAT is recognized 

as removable storage media in a PC. The Flash memories 

are default choice of any embedded device as they are low-

priced, smaller size and higher storage capacity. Even 

though FAT file system does not define flash management 

techniques such as Wear-Levelling and Bad Block 

management, the embedded devices implements this file 

system along with the dedicated flash block management 

algorithms. 

In FAT file system, the file or directory is the linked list of 

the clusters.  A Cluster is a group of blocks or sectors of 

storage device. The File Allocation Table contains the 

linked list of clusters of files/directories. The FAT 

specification limits the maximum supported storage size to 

32 GB. But, the maximum size supported by FAT32 

implementation is 128 GB. But, today the flash storage 

cards of more than 32 GB are available in market. 

The ExFAT [2] [3] file system is developed, by Microsoft 

Corporation, as successor of FAT32 file system. This file 

system is optimally designed to support large size flash 

storage cards with higher read and write performance. The 

maximum storage size supported by ExFAT file system in 

128 peta bytes (PB).The ExFAT file system is not 

compatible with FAT File system. But, it uses the clusters 

concept to store file/directory data and File Allocation 

Table to store the cluster chain of file/directory. The 

ExFAT file system Contiguous clusters read algorithm [4] 

for file read performance improvements. The ExFAT file 

system optimizes the free cluster search by using “cluster 

heap”. The cluster heap is group of bits to indicate the 

status of all clusters of file system. Every bit in the cluster 

heap specifies the status of the data cluster, thus every byte 

indicates the status of 8 clusters. The binary value “0” 

indicates that cluster is free and value 1 indicates that 

cluster is allocated.  The cluster heap is also referred as 

“Allocation Bitmap”.  The cluster heap is similar to block 

bitmap and inode bit map structures used in Ext2 [5] and 

Ext3 [6] [7] file systems. Figure 3 shows the logical 

organization of ExFAT file system and the structure of 

cluster heap. Usually Cluster Heap exists in the 2
nd

 cluster 

of ExFAT file system. The ExFAT file system is available 

in Windows 7 and higher operating systems. The FUSE [8] 

based ExFAT file system implementation [9] is available 

for Linux kernel based Ubuntu operating systems. 

This paper defines and implements the directory 

compaction technique for both file systems without 

breaking the compatibility of the existing FAT and ExFAT 
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File system implementations in windows and Linux 

operating systems. 

2. Directory compaction in ExFAT and FAT 

File systems 

The continious usage of file system by creating, writing, 

deleting file and directories , the FAT file system can 

contain the directories having clusters with all deleted 

entries of files/directories. This paper implements the 

removal of such clusters from the clusters list of the 

directory and marks the clusters status in File allocation 

table as a free clusters.This process is referred as 

“Directory Compaction”. This improves the number of 

data clusters and hence optimizes the user space of the file 

system. The directory compaction improves the 

performance of the file/directory open operation by 

reducing the number of directory entries to be referred 

while searching for the file/directory name in compacted 

directory’s clusters list. The directory compaction 

technique is first identified and implemented for FAT file 

system [10] and in late 2012, it’s been identified that 

directory compaction is applicable to ExFAT file system 

also. The Directory compaction can be performed at the 

following levels of given directory. 

2.1 First cluster in the clusters chain of the directory 

If the first cluster of the given directory has the all the 

deleted entries, then Meta-data i.e., 32 byte directory entry 

should be updated to point to 2
nd

 cluster of the clusters 

chain of the directory and the first cluster should be made 

as free cluster. The figure 1 illustrates the directory 

containing the deleted entries in the first cluster. The figure 

2 shows that modified Directory entry and File allocation 

table in which first cluster is made as free cluster. Note 

that, According to FAT file system specification whenever 

file/directory is deleted the first byte of the 32-byte 

directory entry i.e., meta-data of the file/directory will be 

replaced by hexadecimal value 0xE5. Hence any 32 byte 

directory starting hexadecimal value 0xE5 is referred as a 

deleted file/directory entry.  Note that, In case of ExFAT 

file system, the directory entry starting with hexadecimal 

value 0x05 indicates the deleted file/directory entry, the 

directory entry starting with hexadecimal value 0x40 

indicates the deleted stream extension directory entry and 

the directory entry starting with hexadecimal value 0x41 

indicates the deleted file name extension directory entry. 

In ExFAT file system, if the contiguous clusters are 

allocated to directory, then File allocation table contains 

the status of first cluster of the directory and status of the 

rest of the clusters of directory are updated in the cluster 

heap. The “NoFatChain” [2] [3] bit field of generic 

secondary flags of the stream extension directory entry is 

set to value “1” to indicate contiguous cluster allocation to 

a directory. The figure 3 illustrates the directory containing 

the deleted entries in the first cluster of directory in ExFAT 

file system. Note that File allocation table does not indicate 

that clusters 4, 5 and 6 are allocated whereas the cluster 

heap shows that these clusters are allocated. The figure 4 

shows that modified Directory entry, File allocation table 

and cluster heap in which first cluster is made as free 

cluster. If the clusters allocation to directory is not 

contigious, then the status of all allcoated clusters are 

updatd in the File allocation table. Upon deletion of first 

cluster of directory, the cluster chain of directory is 

modifed as show in figure 1. 
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Fig 1: Directory containing deleted entries in the first cluster 

in FAT file system 
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2.1 An arbitrary cluster in between the first and last 

cluster of the clusters chain of the directory 

If a cluster which is in between the first and last cluster of 

the cluster chain of the directory has all deleted 

file/directory entries, then that cluster is will be marked as 

a free. The index of the previous cluster in the FAT will 

contain the cluster number available at the index of deleted 

cluster. In figure 5 it is shown that cluster 3 has the deleted 

file/directory entries. Figure 6 shows that the directory is 

compacted by freeing the cluster 3 and cluster 2 is 

directory directly pointing to cluster 4 in the File 

Allocation Table. 

 

 

In case of ExFAT file system, if there are contiguous 

cluster allocated as shown in figure 7, and if cluster 4 has 

deleted entries, then removing the cluster 4 from the 

directory makes the cluster chain as non-contiguous. 

Hence, After removing the cluster 4, the cluster chain need 

to updated in the File allocation table and  The 

“NoFatChain” [2] [3] bit field of generic secondary flags 

of the stream extension directory entry is reset to value “0” 

to indicate non-contiguous cluster allocation to a directory 

as shown in figure 8.  If the clusters allocation to directory 

is not contigious, then the status of all allcoated clusters 

are updatd in the File allocation table. Upon deletion of  
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Fig 3: Directory containing deleted entries in the first cluster 

in ExFAT file system 
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cluster containing the deleted entris , the cluster chain of 

directory is modifed as show in figure 8. 

 

2.3 Last cluster of the clusters chain of the directory 

When the last cluster of the directory has deleted entries, 

then that cluster is will be marked free cluster and the 

previous cluster to the last cluster will be marked as last 

cluster. The figure 9 demonstrates that last cluster 5 has all 

deleted entries. Figure 10 shows that last cluster 5 is made 

as free cluster and previous cluster 4 is marked as last 

cluster in the File Allocation Table. 

 

 

Fig 6: Compacted directory in which cluster 3 is 

removed from the cluster chain in FAT file system 
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Fig 10: Compacted directory in which last cluster is 

made as free in FAT file system 
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Fig 9: Directory containing deleted file/directory entries 

in the last cluster of cluster chain in FAT file system 
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Fig 8: Compacted directory in which cluster 4 is 

removed from the cluster chain in ExFAT file system 
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In case of ExFAT file system, upon removing the last 

cluster of cluster chain of directory, only the cluster heap is 

updated the status as a free cluster. In figure 11, it shown 

that last cluster 5 has all deleted entries and upon removing 

this cluster from cluster chain the cluster heap is updated 

the status and File allocation table is not modified. If there 

are non-contiguous clusters allocation to directory and last 

cluster is removed then the cluster chain in updated in file 

allocation table. 

4. Conclusions 

The Directory Compaction truncates the directory by 

removing the clusters, having deleted entries, from the 

directory clusters chain.  The directory compaction 

generates the free clusters and hence increases the 

availability of the storage space for user data. The 

directory compaction improves the performance of the 

file/directory open operation by avoiding the comparison 

of deleted directory entries with input file/directory name 

in compacted directory’s clusters list.  
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