Dcache Space Manager Design

Functionality that is  available in Dcache :

Space reservation:

The pool  supports a space reservation as a single value, a total number of bytes of space currently reserved on the particular pool. Dcache  support the functionality to manage this space on the pool to pool basis.

a) reserve new space through pool manager The result is the name of the pool, that reserved this space. If pool already had a space reservation, it will just increase the number of reserved bytes. So the message from the pool might contain number of bytes reserved for this request and a total reservation of space on this pool.

b)Consume reserved space.

When the transfer from the user is started, mover message will carry the information about how much space is allocated for this particular transfer. Pool will or will not (depending on configuration) allow writes of data with sizes greater then reserved space sizes. If a transfer is successful the reservation size on the pool is automatically decreased.

c)Cancel reservations.

Space Manager functionality

Space Manager serves space reservation requests  by returning Space Reservation tokens  in its responses. Internally Space Reservation finds a pool or multiple pools which collectively have the required space and makes space reservation on them. After the space reservation is made, it is  possible to lock the parts of the reserved space for a write operation, which is about to begin. As a result of the lock operation, the requester (door) receives a lock size, a  lock token and a pool name in which the space is reserved and can be used for the write operation. Once the write is completed, the single operation allows to release the lock and decrease the amount of the reserved space by the amount of space actually utilized by the write, this could be zero if write failed. There is also a relase space opration, that releases all unlocked space back to the pools and releases the remaining space  once the pending write operations are completed and locks are removed. No further write operations on this space are possible.

Space Manager functionality utilization by srm and dcache doors

The srm receives a put request for a file, together with a file size. It makes a request  for a single continuous space reservation with the Space Manager. It returns the transfer url to the user once the space reservation is completed and successful. Next the user starts a transfer using the turl, to a (gridftp) door. The door performs authentication of the user and recieves the name of the file, which the user is going to store, then it asks the srm if this    user previously issued a put request for the file. If this is the case, the door receives the space reservation token back  from srm. Next the door asks the Space Manager to lock the space. The door receives the lock token and the pool name in response. The door starts the mover on the pool, telling the pool that the maximum number of bytes received by the pool  is not to exceed the reserved/locked amount, and that the resulting number should be subtracted from the pool's  total space reservation. Once the transfer is completed, the door notifies the Space Manager that the transfer has finished and the lock can be removed, space reservation, associated with this space token can be reduced by the written amount. Next the srm client issues the put done command, which triggers the release of the unused space. 

 Space Manager functions details

 These functions are mapped to the five dcache cell messages.

1. ReserveSpace

In:

     long desiredSpaceSize in bytes, 

long size of smallest continuous fragment, bytes, 

long Lifetime milliseconds. 

String pnfspath, //this is used to determine the correct pool on basis on the 

                         // pool affinity to the path's family

                         // this path must not exist, and does not have to be from the 

                         // set of files that will  be actually put in this space.

Out: 

     long reservedSpaceSize, bytes, 

     String spaceToken,

long totalReservedSpace

long[] Sizes of continuous spaces, array of sizes in bytes, in increasing order.

2. GetSpaceInfo

In: String spaceToken

Out: 

string referencePath

long reservedSpaceSize, bytes

long availableSpaceSize, bytes

long[] Sizes

long creationTime

long lifetime

3. PrepareToUseSpace 

In:

String spaceToken

long size to be used, null for unknown, largest available continuous 

Out:

long lockedSize

String lokedSpaceToken

4.  UseSpace

In:

String spaceToken

String lockedSpaceToken

long size actually used (could be zero if a write operation failed)

boolean releaseRemainingLockedSpace

Out:

long totalReservedSpace

long[] sizes

5.  ReleaseSpace

In:

String spaceToken

Space Manager Data Structures

Database design

Table SpaceManagerPoolSpace

Type
Key
name

String
PrimaryKey
PoolName

Long 
No
ReservedSpaceSize

Long 
No
LockedSpaceSize

SpaceManagerPoolSpace Table will store the amount of space reserved through the space manager in each pool. PoolName is the name of the dcache pool in which the space reservation is made. ReservedSpaceSize is the total size of space reserved in this pool by all the Space Reservation Requests. LockedSpaceSize is the amount of space utilized bu currenly pending transfer operations. Whenever the operation on that reserved space is initiated, the Locked space is  increased by the maximum amount of space that the operation might utilize from the amount of the Reserved space. If operation is successful the ReservedSpaceSize is decreased by the amount of the space utilized by operation and the Locked Space is decrease by the amount of space that the operation originally “locked”. Amount of the available reserved space in the pool is the difference between ReservedSpaceSize and the LockedSpaceSize.

Table SpaceManagerSpaceReservation

Type
Key
name

String
PrimaryKey
SpaceToken

String
No
ReferencePnfsPath

Long 
No
ReservedSpaceSize

Long 
No
LockedSpaceSize

Long 
No
CreationTime

Long 
No 
Lifetime

SpaceManagerSpaceReservation table will store the individual requests for the space reservation.  Space Tokens are  unique strings identifying the space reservation requests issued by the clients (other parts of dcache). It is returned to the issuer of the request. All further requests for operations on the reserved space will contain the SpaceToken.  The ReservedSpaceSize is the total space reserved in this request. The locked Space size has the same meaning as in the SpaceManagerPoolSpace. The Lifetime it the lifetime in miliseconds of this SpaceReservation request. CreationTime is the the difference, measured in milliseconds, between the current time and midnight, January 1, 1970 UTC. Upon the experation of the lifetime all available space (for which there are no pending operations is returned to the respective pools. 

Whenever the operation on that reserved space is initiated, the Locked space is  increased by the maximum amount of space that the operation might utilize from the amount of the Reserved space. 

table SpaceManagerSpaceReservationByPool

Type
Key
name

String
ForeignKey(SpaceReservationRequest)
SpaceToken

String 
ForeinKey(PoolSpace) 
PoolName

Long 
No
ReservedSpaceSize

Long 
No
LockedSpaceSize

Since no single pool might be able to give the requested space, and the requested space might not be needed to be from the same pool, it is possible that the space from multiple pools is used to satisfy the user request for the space reservation. SpaceManagerSpaceReservationByPool provides the connection between the space reservation request and the pools in which the portions of the requested space were allocated.  The ReservedSpaceSize is the total space reserved in this request. The locked Space size has the same meaning as in the SpaceManagerPoolSpace.

table SpaceLock

Type
Key
name

String
PrimaryKey
LockToken

String
ForeignKey(SpaceReservationRequest)
SpaceToken

String 
ForeinKey(PoolSpace) 
PoolName

Long 
No
LockSpaceSize

Whenever the operation on that reserved space is initiated, the new record in the SpaceLock is created and the corresponding LockedSpace entries are increased in SSpaceManagerSpaceReservationByPool,  SpaceManagerSpaceReservation and SpaceManagerPoolSpace.  The amount of locked space in all of these tables should at most as large as the reserved space. The operation of comparison of the locked space to the reserved space and the increase of Locked Space entries should be perform within one single transaction. Once the space is successfully utilized the SpaceLock entry is deleted and all LockedSpace entries are decreased by the size “LockSpaceSize”. The reserved space in all appropriate tables is decreased by the amount of space actually utilized. Both decrease of locked space and   reserved space in SpaceManagerSpaceReservationByPool,  SpaceManagerSpaceReservation and SpaceManagerPoolSpace should happen in one transaction, to preserve the integrity of the data.

4. Upon receipt of the TURL user starts the transfer of corresponding file. On the dCache side, door consults srm to check if the transfer started belong to those , that a controlled by srm. If it is the case, the door gets the following information from the srm:

·  pool in which the space for this file is reserved

·  the size of the reservation for this user

· the size of the file

The pool record in PoolSpace table is updated by adding the size of the file to the LockedSpaceSize field

5. Door starts the mover on the srm specified pool and communicates this information to the pool. Mover (or pool automatically)verifies that the amount of space used on the pool is not greater than the declared size of the file.

6. Upon successful completion of the transfer, door notifies the SRM. SRM updates the pool record in PoolSpace table by subtracting the Size of the file from both ReservedSpaceSize and LockedSpaceSize. The ReservedSpaceSize table record is updated by subtracting the Size of the file from the ReservedSpaceSize.The PutFileRequest status is changed accordingly

