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Introducing Paragon Alignment Tool 
This chapter will help you get general information on a brand-new product from Paragon – Paragon Alignment Tool 

(PAT). 

What is PAT? 
Paragon Alignment Tool is an instrument for both physical and virtual system users. It is intended to check and solve 

misalignment issues on brand new 4K sector hard disk drives, solid state drives and RAID. As a result of program activity 

a whole file system performance increases. 

Paragon Alignment Tool is an excellent complement to Partition Manager, the company’s top-level partitioning and data 

management tool. Using these two products in a bunch opens up the option to have a complete system performance 

increasing solution in place. 

Product Components 
In order to cope with different tasks, the product contains several components: 

Windows based utility is the crucial part of the product. With its help you may align partitions in Windows. 

Linux based environment is a multi-platform bootable media that enables to run the utility under Linux. Linux can boast 

support of FireWire (i.e. IEEE1394) or USB devices. However there can be some difficulties with detecting new 

hardware. The Linux environment requires no installation and can be of great help when you do not want to install the 

utility or need to continue the previously interrupted operation. Besides it offers a Windows XP like environment. 

Key Features 
 Partition Alignment without reboot. Partitions can be aligned directly from Windows if there are no opened 

files on them. 

 Alignment in Bluescreen. Reboot the system in a special mode to perform alignment of system partitions or 

volumes with opened files. 

 Shutdown Safe Alignment. PAT can resume any previously interrupted operation, thus all your data will be safe 

even if the alignment process was unexpectedly terminated.  
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About Partitions Alignment 

What is Partition Alignment? 
To understand what partition alignment is we should first see how data is stored on the drive. 

 

Here you can see a simplified scheme of partitioning, where one partition consume all drive space and sectors. It is also 

aligned with the first sector that is the partition start corresponds with the first sector start. This scheme is 

oversimplified, for example here is not shown Master Boot Record (MBR). 

The partition consists of some logical units, the clusters. See how they connected with sectors. 

 

 

Now you can see that on the scheme one cluster corresponds to two sectors. It means that when data is being read 

from one cluster, for example a small text file, the storage device read data from two sectors. Despite that on the 

scheme one cluster corresponds to two sectors usually a cluster is connected with much more sectors. Also notice that 

because of the partition start and the first sector start corresponds to each other – all clusters are aligned with sectors, 

the partition is aligned. Data operations are as fast as possible. 

Let’s discuss why partitions can be misaligned and what this can cause. 

Why misaligned partitions are the problem for hard disk drives? 
Partitions can be misaligned because the physical sector size in not 512 bytes and software does not know about it. 

Modern hard disk drives, for example Western Digital, have 4096 bytes internal physical sector size, their logic operates 

4K chunks of data, but for outside hardware and software they rise as “traditional” drives with 512b sectors. This 

emulation is needed for old-software compatibility. Thus another level of abstraction is being added. See the scheme. 
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Here you can see three layers of data abstraction. The ground level is the hard disk drive itself and 4K physical sectors. 

Second level is external IO abstract sectors with 512 bytes size. And above all actual file system with clusters, which size 

is also 4K that equals to eight abstract sectors and one actual physical sector. So 1 cluster = 8 abstract sectors = 1 actual 

physical sector. 

Also notice that all tree levels are aligned in relation to each other and disk start. So when you read or write data from 

one cluster, it will be actualized in four 512b sectors and one 4K sector. The amount of read-write operations is minimal; 

all disk operations are at maximum performance. 

But things are getting worse if logical clusters will be shifted relative to all underlying levels. Look at the picture. 

 

Here you can see that the partition is shifted from the disk start on one 512b sector. As the result all logical clusters now 

linked with two actual physical 4K sectors, and all read-write operations will be multiplied twice. Whole system 

performance now become degraded as a hard disk has to make two operations with two sectors to manage your data 

instead of one as if the partition was properly aligned. 

What causes this shift? All Windows operating systems before Vista use a factor of 512 bytes to create volume clusters. 

Thus they place a partition start aligned to 512b sectors and not to 4K sectors, as it is shown on the previous picture, 

where the partition start is indented on one 512b sector. 

Usually the partition start is indented on 63 sectors, because it is an old measure of disk “cylinder” and some old 

versions of DOS or Windows demand that the partition has to be aligned to the “cylinder” for correctly sectors 

addressing and accessing. It is an old compatibility issue and all modern operating systems do not use this archaic CHS 

(cylinder/head/sector) addressing scheme. Instead, the Logical block addressing (LBA) scheme is used, where there is no 
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any “cylinders” or “heads”, sectors are addressed continuously over a whole disk drive. But by legacy reasons all 

Windows before Vista creates partitions accordingly to this “cylinder alignment” rule. 

There was no problem with this rule and partitions alignment in home users segment before appearance of mass 4K 

hard disk drives. Partitions aligned accordingly to 63 sectors start are not aligned with 4K sectors by default. This is a 

matter of simply math. Here is the equation: 

 

As you can see 63 sectors by 512 bytes do not match to integer number of 4K sectors, thus this partition and all other 

following on the disk are misaligned. 

 

How Paragon Alignment Tool can help? 
As you can probably suspect PAT does nothing more than move partitions on some amount of 512b sectors so that all 

volumes become aligned. For example we need to move a 63 sectors partition forward only to one 512b sector and it 

will become aligned. 

 

Now the partition start corresponds to the 4K sector start. This partition and all other following on the disk are properly 

aligned. 
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PAT moves the partition start on 2048 512b sectors from the disk start; it equals to 1MB and also perfectly fit to 4K 

sectors boundaries rule. 

 

There is another one important issue. Some hard disk drives with 4K sectors have a trigger to match PA problems. Their 

internal controllers can be adjusted to shift emulating level addressing to an offset of one sector. Thus #63 sector 

becomes #64 and all partitions above become aligned. Please look at the scheme. 

 

As you can see software do not even know that it works on the shifted volume, but internally all partitions are aligned. 

However PAT is an offset-aware tool. It is able to recognize the described situation and skip alignment of partitions on 

such a drive. If it was not able to notice the logical offset, the further alignment operation would cause appearance of 

misaligned partitions and the effect of using of the tool would be opposite negative. 

Our performance tests show that partition alignment operation boost file system operations with the 4K hard disk drive 

twice. 

Why misaligned partitions are the problem for SSD? 
Misaligned partitions problem is even more important for SSD drives than for traditional hard disk drives. Many modern 

SSD has internal memory page size 4096 bytes or larger accordingly to 4K size, which are some analogue for 4K sectors. 

Thus all previously mentioned problems are the same for SSD partitions alignment. 

There is one crucial SSD issue besides file system speed decline (which is not so noticeable in comparison to traditional 

HDD). It is the SSD memory cells degradation after some amount of write operations. So if partitions on SSD are 

misaligned beside downgraded system speed you put your solid state drive in danger. After partitions alignment PAT 

eliminates all redundant read/write operations and thus provides speed boost and grants SSD longer lifetime. 

Why misaligned partitions are the problem for SAN and RAID? 
RAID is used to compose many hard disk drives or other storage devices into one large array of data. This array is seen 

as one large storage device in the system and data is striped across it. The granularity at which data is stored on one 

drive of the array before subsequent data is stored on the next drive of the array is called the stripe-unit size. Stripe-unit 

size may be different; you can set the stripe-unit size for example to 8 KB, 16 KB, 32 KB, or 64 KB. 

System performance may slow when you use a hardware-based redundant array of independent disks (RAID) or a 

software-based RAID and if the starting location of the partition is not aligned with a stripe unit boundary in the disk 

partition that is created on the RAID. In this case one data operation will be multiplied over several RAID disks. 
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To resolve this issue PAT aligns partitions to 2048 sectors. A starting offset of 2,048 sectors covers most stripe unit size 

scenarios. All data operations become faster as there are no redundant disk operations anymore. Please look at the 

scheme. 

 

Here you can see a properly aligned partition and RAID-0 array where each block is connected with two stripe-units (it is 

shown for the first block on the scheme). In this situation access to one logical cluster will be followed by operation with 

one block and two stripe-units. 

Naturally SAN is just a large RAID massive distributed over local network or by Fibre Channel. Thus all issues of RAID 

partition alignment are the same for SAN. 

Why misaligned partitions are the problem for virtual environments? 
Alignment in a virtual infrastructure is critical to performance, hardware life cycle, and storage efficiencies. 

Misalignment results in retrieving more data from underlying array than what the virtual machine is requesting. This 

results in inefficiencies leads to requiring more storage hardware resources to serve a workload. 
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On the previous picture you can see a VMware Server configuration, which uses RAID/SAN storage. Here are even two 

levels of misalignment that cause a several performance decline. For example, to read data from the first cluster the 

system has to read three VMFS blocks and four RAID blocks (and consequently more stripe-units). 

PAT cannot move VMFS volumes itself at the present moment, but can align partitions on virtual drives. 

 

In this configuration all volumes and partitions are properly aligned and overall data operations two times faster. Please 

notice again now to get data for one cluster the system just need to read two VMFS blocks and two RAID blocks. 
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Getting Started with Paragon Alignment Tool 
In this chapter you will find all the information necessary to get the product ready to use. 

System Requirements 

Windows based utility 

To use PAT, you should install it first. But before that, please make sure your computer meets the following minimum 

system requirements: 

 Operating systems: Windows 2000/XP/Vista/7/Server 2000/2003/2008 and XP SP2/Vista/7/Server 2003/2008 

64-bit 

 Internet Explorer 5.0 or higher  

 Intel Pentium CPU or its equivalent, with 300 MHz processor clock speed  

 128 MB of RAM (256+ recommended) 

 Hard disk drive with 100 MB of available space  

 SVGA video adapter and monitor  

 Mouse 

Linux based environment 

To use the Linux based environment on your computer (it doesn’t matter what operating system is installed), please 

make sure that it meets the following minimum system requirements: 

 IBM AT compatible computer with i486 or higher CPU 

 256 MB of RAM  

 SVGA-compatible monitor 

 Mouse (recommended) 

Installation 
Before installation, please make sure your platform meets the product requirements. If everything is OK, please do the 

following to install the utility: 

1. Click on the supplied setup file to initiate the installation. 

2. The Welcome page will inform that the application is being installed. Click Next to continue. 

3. Please Read Paragon License Agreement carefully and then select the appropriate option to accept. Otherwise 

you won’t be able to proceed with the installation. By clicking the Print button, the license agreement may also 

be printed out. 
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4. Provide Registration Information. On the Registration page you are to provide your product key and serial 

number. 

5. Provide Customer Information. On the Customer Information page you are to provide the standard 

information, i.e. a user name and an organization. Besides you need to decide whether to make the program 

available for all users of this computer (if several) or only for the current one. 

6. On the next page, click Change to install the utility to a different location (by default C:\Program Files\ Paragon 

Software\Alignment Tool 2.0\). Otherwise click Next to continue. 

 

7. On the Ready to Install the Program page click Install to start the installation or Back to return to any of the 

previous pages and modify the installation settings. 

8. The Final page reports the end of the setup process. Click Finish to complete the wizard. 

First Start 
To start Paragon Alignment Tool, please click the Windows Start button and then select Programs > Paragon Alignment 

Tool™ 2.0> Paragon Alignment Tool 2.0 

Booting from the Linux Media 
The Linux environment can be used to boot your computer into Linux to get access to your hard disk for alignment or 

recovery purposes. If an alignment operation has been aborted or unexpectedly interrupted, you can continue the 

alignment in this bootable environment. 

To start alignment with the Linux environment, please start up the computer from our Linux media. 
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Contacting Paragon Technology GmbH 
If you have any questions about the company products, please do not hesitate to contact Paragon Technology GmbH. 

Service Contact 

Visit Paragon GmbH web site www.paragon-software.com 

Registration & updates web-service kb.paragon-software.com 

Knowledge Base & Technical Support kb.paragon-software.com 

Support support@paragon-software.com 

Pre-sale information sales@paragon-software.com 

 

http://www.paragon-software.com/
http://kb.paragon-software.com/
http://kb.paragon-software.com/
mailto:support@paragon-software.com
mailto:sales@paragon-software.com
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Using Paragon Alignment Tool 
This chapter shows scenarios that demonstrates how Paragon Alignment Tool can be used for partitions alignment. 

Alignment with Windows installed tool 

1. Launch the program. Select Programs > Paragon Alignment Tool™ 2.0> Paragon Alignment Tool 2.0 or click the 

corresponding shortcut on Desktop. 

2. Read the information on the Welcome screen. 

 

3. Select partition you want to align on the next screen. On the right you can see the disk map legend. 
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4. Click the Align partitions button and start the operation. If there are any opened or used files on the partition, 

the program will propose to reboot into Bluescreen, where all operations can be safely performed. 

 

5. The system will reboot. 
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6. After several minutes the operation completes, the time depends on the amount of data on the partition. 

 

Continuing alignment in the Linux based environment 

Linux environment is intended to help you successfully finish any unintentionally interrupted alignment operation. For 

example a sudden power cut caused a computer shutdown or reboot during alignment of the system partition and you 

cannot now start it. Just boot your computer with this recovery media and continue the alignment.  

1. Boot the environment. 

2. The warning message will appear. 
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3. Press Yes button to continue the interrupted alignment. 

 

4. After operation completion you can reboot the computer. 

Recovering partition 

If the partition is still not available or the system does not start you can perform additional operations in Linux 

environment. 
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Undelete Partition 

The program provides the ability to find and recover deleted partitions. This function is usually known as 

"undelete".  

When PAT aligns partition on one step it deletes a partition from the Partition Table. In case of a power cut on 

this stage all data stays untouched, but the computer does not find this partition. Thus a previously deleted 

partition can still be recovered. 

A restored partition will be fully functional, as long as other partitions were not created, moved or exceeded the 

disk space occupied by the partition. That is why the program enables the Undelete Partition function only for 

blocks of free space. 

Correct boot record and make Windows bootable 

Boot Corrector is a system utility designed to tackle most of the system boot problems that can be a result of a 

human factor, program error or a boot virus activity. The program enables to fix most of the boot problems for 

2000/XP/Server 2003/Vista/Windows 7/Server 2008. 

The crucial thing about Boot Corrector is that it provides the possibility to correct the Windows System Registry 

without Windows being loaded. Besides it can be of help with other operating systems for instance, when a 

boot virus has corrupted the MBR (Master Boot Record). 


