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CLUSTERED RAID DATA ORGANIZATION 

RELATED APPLICATION 

The present application is a continuation of US. patent 
application Ser. No. 14/157,828, entitled “Clustered RAID 
Data Organization”, ?led on J an. 17, 2014 by Jeffrey S. Kim 
mel et al., the contents of which are incorporated by reference 
herein in their entirety. 

BACKGROUND 

1. Technical Field 
The present disclosure relates to clustered storage systems 

and, more speci?cally, to an organization of data and parity 
information in one or more Redundant Array of Independent 
Disks (RAID) groups within a clustered storage system. 

2. Background Information 
A storage system typically includes one or more storage 

devices, such as solid state drives (SSDs) embodied as ?ash 
storage devices, into which information may be entered, and 
from which the information may be obtained, as desired. The 
storage system may organize the storage devices into one or 
more Redundant Array of Independent Disks (RAID) groups, 
each having storage space on the devices dedicated to storing 
data and parity (i.e., redundant) information. The storage 
system may further implement a high-level module, such as a 
?le system, to logically organize the information stored on the 
devices as storage containers such as, inter alia, ?les or logical 
units (LUNs). Typically, a storage container may be housed 
(stored) within a RAID group to reduce the parity overhead 
and enable ef?cient allocation of parity storage in the group. 

For example, assume three storage containers are formed 
from a set of 24 SSDs. The SSDs are then divided into three 
RAID groups of 8 SSDs, i.e., one for each of the three storage 
containers. If double parity protection is employed for each 
RAID group (i.e., a 6+2 RAID con?guration), then the 
equivalent storage space of at least two SSDs from each 
RAID group is dedicated to storing parity (i.e., redundancy) 
information resulting in a parity ratio of 2/8 (:25%). This is 
inef?cient as compared to using a single RAID group to store 
all three containers, which results in a parity ratio of 2/24 
(:8.3%) for a 22+2 RAID con?guration. 

Such inef?cient allocation of parity storage for RAID 
groups may arise in a clustered storage system (cluster) hav 
ing, e.g., a high availability (i.e., failover) arrangement con 
?gured to service a number of storage containers. When a 
node (i.e., storage system) of the cluster fails, the failed 
node’s storage containers may be distributed to the remaining 
(i.e., surviving) nodes, which takeover servicing of those 
containers. However, this arrangement usually requires addi 
tional RAID groups, i.e., at least one RAID group for each 
storage container originally serviced by the failed node, 
because each container may be owned (i.e., serviced) by only 
one node at a time. Accordingly, each storage container may 
be stored in a RAID group, so that the container may be 
distributed to another (i.e., surviving) node in the event of a 
node failure. 
As a further example, assume a 4-node cluster arrangement 

having 24 SSDs, where each node serves three storage con 
tainers (i.e., 12 containers in the cluster) and one node fails 
resulting in three surviving nodes. The three storage contain 
ers from the failed node may then be distributed to the sur 
viving nodes, i.e., one container from the failed node to each 
of the three surviving nodes. Since each storage container is 
stored in a RAID group, this arrangement requires that the 
storage containers be divided among 12 separate RAID 
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2 
groups. Therefore, the 24 SSDs are divided into 12 RAID 
groups, e.g., two SSDs per RAID group in a 1+1 RAID 

con?guration (i.e., mirror) having a 1/2 (:50%) parity ratio. 
Moreover, if double parity is desired (e.g., at a minimum three 
SSDs per RAID group in a 1+2 RAID con?guration), then at 
least 36 SSDs are needed (3x12) to house the 12 storage 
containers, resulting in a substantially high, 2/3 (+67%) par 
ity ratio. 

Accordingly, there is a need to organize RAID groups and 
storage containers of a cluster, so as to reduce the parity 
overhead of the RAID groups, as well as to facilitate distri 
bution and service of the containers among surviving nodes 
when one or more nodes of the cluster fail. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and further advantages of the embodiments 
herein may be better understood by referring to the following 
description in conjunction with the accompanying drawings 
in which like reference numerals indicate identically or func 
tionally similar elements, of which: 

FIG. 1 is a block diagram of a plurality of nodes intercon 
nected as a cluster; 

FIG. 2 is a block diagram ofa node; 
FIG. 3 is a block diagram of a storage input/output (I/O) 

stack of the node; 
FIG. 4 illustrates a write path of the storage I/O stack; 
FIG. 5 illustrates a read path of the storage I/ O stack; 
FIG. 6 illustrates segment cleaning by a layered ?le system 

of the storage I/O stack; 
FIG. 7a illustrates a RAID stripe formed by the layered ?le 

system; 
FIG. 7b illustrates changes to a segment-based RAID data 

organization in accordance with changes to a storage pool of 
the cluster; 

FIG. 70 illustrates RAID group slices; 
FIG. 8a illustrates a RAID con?guration topology tree 

structure; 
FIG. 8b illustrates data structures for a disk label and a 

RAID header; 
FIG. 80 is an example simpli?ed procedure for lost write 

detection; 
FIG. 9 illustrates a failover of extent store instances; 
FIG. 10a illustrates a failover distribution of extent store 

instances in a three-node cluster; and 
FIG. 10b illustrates a failover distribution of extent store 

instances in a four-node cluster. 

DETAILED DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS 

The embodiments described herein are directed to a 
Redundant Array of Independent Disks (RAID) organization 
of storage containers and RAID groups of a clustered storage 
system (cluster) con?gured to reduce parity overhead of the 
RAID groups, as well as facilitate distribution and servicing 
of the storage containers among storage systems (nodes) of 
the cluster. The storage containers may be stored on one or 
more storage arrays of storage devices, such as solid state 
drives (SSDs), connected to the nodes of the cluster. The 
RAID organization may be con?gured to identify the SSDs, 
which may be organized as one or more RAID groups asso 
ciated with an extent store. Notably, the RAID groups may be 
formed from slices (i.e., portions) of storage spaces of the 
SSDs instead of the entire storage spaces of the SSDs. That is, 
each RAID group may be formed “horizontally” across a set 
of SSDs as slices (i.e., one slice of storage space from each 
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SSD in the set). Accordingly, a plurality of RAID groups may 
co-exist (i.e., be stacked) on the same set of SSDs, such that 
each RAID group allotted from the set of SSDs may have a 
similar parity ratio. 

In an embodiment, each extent store includes segments 
horizontally spanning a RAID group, wherein each segment 
represents a unit of redundancy within the RAID group. That 
is, parity and data may be arranged on a segment-by-segment 
basis according to the RAID con?guration of the segment 
supported by the underlying RAID group. Each segment 
within the same RAID group may thus have different parity 
distribution and/or amount of parity overhead. For example, 
one segment may use a slice on a ?rst SSD for parity, whereas 
another segment may use a slice on a second SSD for parity. 
In addition, one segment may use single parity protection 
(e.g., RAID 5) and another segment may use double parity 
protection (e.g., RAID 6). It should be noted that each seg 
ment may be associated with a separate (or the same) RAID 
group, and that each extent store may be associated with a 
plurality of RAID groups. 

In an embodiment, the SSDs may be con?gured with multi 
host access (i.e., multi-stream) capability to thereby enable 
more than one extent store to coexist on the same set of SSDs. 

That is, the multi-stream capability of the SSDs may allow an 
extent store on a ?rst RAID group to be ef?ciently serviced by 
one node, while another extent store on a second RAID group 
may be serviced by another node. Thus, different nodes may 
access different RAID groups on the same SSD as if they were 

independent. In this manner, extent stores may share SSDs, 
but those extent stores may be serviced by different nodes of 
the cluster. Accordingly, a set of SSDs of the storage array 
may include a plurality of extent stores, each having a plural 
ity of segments and wherein each segment may be stored on 
a different RAID group formed from slices across the set of 
the SSDs. 

In an embodiment, write operations resulting in incom 
plete or corrupt data stored to media of an SSD (i.e., lost 
write) may be detected by comparing a generation identi?er 
of a segment having the lost write data with an identi?er in a 
RAID header associated with the lost write data. A lost write 
may be detected when the comparison of the identi?ers 
results in a mismatch. 

In response to failure of a node, servicing (i.e., ownership) 
of the failed node’s extent stores may be distributed to 
remaining (i.e., surviving) nodes of the cluster, wherein an 
extent store instance is the unit of failover. In an embodiment, 
servicing of the failed node’ s extent stores may be distributed 
evenly (i.e., load balanced) to the surviving nodes. Thus, for 
a cluster of N nodes, extent stores may be evenly distributed 
among N—l surviving nodes, wherein each node may have a 
multiple of N—l, i.e., m-(N—l), extent stores so that m extent 
stores may be distributed to each of the N—l surviving nodes. 

DESCRIPTION 

Storage Cluster 
FIG. 1 is a block diagram of a plurality of nodes 200 

interconnected as a cluster 100 and con?gured to provide 
storage service relating to the organization of information on 
storage devices. The nodes 200 may be interconnected by a 
cluster interconnect fabric 110 and include functional com 
ponents that cooperate to provide a distributed storage archi 
tecture of the cluster 100, which may be deployed in a storage 
area network (SAN). As described herein, the components of 
each node 200 include hardware and software functionality 
that enable the node to connect to one or more hosts 120 over 

a computer network 130, as well as to one or more storage 
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4 
arrays 150 of storage devices over a storage interconnect 140, 
to thereby render the storage service in accordance with the 
distributed storage architecture. 

Each host 120 may be embodied as a general-purpose 
computer con?gured to interact with any node 200 in accor 
dance with a client/ server model of information delivery. That 
is, the client (host) may request the services of the node, and 
the node may return the results of the services requested by 
the host, by exchanging packets over the network 130. The 
host may issue packets including ?le-based access protocols, 
such as the Network File System (NFS) protocol over the 
Transmission Control Protocol/Internet Protocol (TCP/IP), 
when accessing information on the node in the form of stor 
age containers such as ?les and directories. However, in an 
embodiment, the ho st 120 illustratively issues packets includ 
ing block-based access protocols, such as the Small Com 
puter Systems Interface (SCSI) protocol encapsulated over 
TCP (iSCSI) and SCSI encapsulated over FC (FCP), when 
accessing information in the form of storage containers such 
as logical units (LUNs). Notably, any of the nodes 200 may 
service a request directed to a storage container stored on the 
cluster 100. 

FIG. 2 is a block diagram of a node 200 that is illustratively 
embodied as a storage system having one or more central 
processing units (CPUs) 210 coupled to a memory 220 via a 
memory bus 215. The CPU 210 is also coupled to a network 
adapter 230, storage controllers 240, a cluster interconnect 
interface 250, and a non-volatile random access memory 
(NV RAM 280) via a system interconnect 270. The network 
adapter 230 may include one or more ports adapted to couple 
the node 200 to the host(s) 120 over computer network 130, 
which may include point-to-point links, wide area networks, 
virtual private networks implemented over a public network 
(Internet) or a local area network. The network adapter 230 
thus includes the mechanical, electrical and signaling cir 
cuitry needed to connect the node to the network 130, which 
illustratively embodies an Ethernet or Fibre Channel (FC) 
network. 
The memory 220 may include memory locations that are 

addressable by the CPU 210 for storing software programs 
and data structures associated with the embodiments 
described herein. The CPU 210 may, in turn, include process 
ing elements and/or logic circuitry con?gured to execute the 
software programs, such as a storage input/ output (I/O) stack 
300, and manipulate the data structures. Illustratively, the 
storage I/O stack 300 may be implemented as a set of user 
mode processes that may be decomposed into a plurality of 
threads. An operating system kernel 224, portions of which 
are typically resident in memory 220 (in-core) and executed 
by the processing elements (i.e., CPU 210), functionally 
organizes the node by, inter alia, invoking operations in sup 
port of the storage service implemented by the node and, in 
particular, the storage I/O stack 300. A suitable operating 
system kernel 224 may include a general-purpose operating 
system, such as the UNIX® series or Microsoft Windows® 
series of operating systems, or an operating system with 
con?gurable functionality such as microkemels and embed 
ded kernels. However, in an embodiment described herein, 
the operating system kernel is illustratively the Linux® oper 
ating system. It will be apparent to those skilled in the art that 
other processing and memory means, including various com 
puter readable media, may be used to store and execute pro 
gram instructions pertaining to the embodiments herein. 

Each storage controller 240 cooperates with the storage I/O 
stack 300 executing on the node 200 to access information 
requested by the host 120. The information is preferably 
stored on storage devices such as solid state drives (SSDs) 
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260, illustratively embodied as ?ash storage devices, of stor 
age array 150. In an embodiment, the ?ash storage devices 
may be based on NAND ?ash components, e.g., single-layer 
cell (SLC) ?ash, multi-layer-cell (MLC) ?ash or triple-layer 
cell (TLC) ?ash, although it will be understood to those 
skilled in the art that other non-volatile, solid-state electronic 
devices (e.g., drives based on storage class memory compo 
nents) may be advantageously used with the embodiments 
described herein. Accordingly, the storage devices may or 
may not be block-oriented (i.e., accessed as blocks). The 
storage controller 240 includes one or more ports having I/O 
interface circuitry that couples to the SSDs 260 over the 
storage interconnect 140, illustratively embodied as a serial 
attached SCSI (SAS) topology. Alternatively, other point-to 
point I/O interconnect arrangements, such as a conventional 
serial ATA (SATA) topology or a PCI topology, may be used. 
The system interconnect 270 may also couple the node 200 to 
a local service storage device 248, such as an SSD, con?gured 
to locally store cluster-related con?guration information, 
e.g., as cluster database (DB) 244, which may be replicated to 
the other nodes 200 in the cluster 100. 

The cluster interconnect interface 250 may include one or 
more ports adapted to couple the node 200 to the other node(s) 
of the cluster 1 00. In an embodiment, Ethernet may be used as 
the clustering protocol and interconnect fabric media, 
although it will be apparent to those skilled in the art that other 
types of protocols and interconnects, such as In?niband, may 
be utilized within the embodiments described herein. The 
NVRAM 280 may include a back-up battery or other built-in 
last-state retention capability (e. g., non-volatile semiconduc 
tor memory such as storage class memory) that is capable of 
maintaining data in light of a failure to the node and cluster 
environment. Illustratively, a portion of the NVRAM 280 
may be con?gured as one or more non-volatile logs (NV Logs 
285) con?gured to temporarily record (“log”) I/O requests, 
such as write requests, received from the host 120. 

Storage I/O Stack 
FIG. 3 is a block diagram of the storage I/O stack 300 that 

may be advantageously used with one or more embodiments 
described herein. The storage I/O stack 300 includes a plu 
rality of software modules or layers that cooperate with other 
functional components of the nodes 200 to provide the dis 
tributed storage architecture of the cluster 100. In an embodi 
ment, the distributed storage architecture presents an abstrac 
tion of a single storage container, i.e., all of the storage arrays 
150 of the nodes 200 for the entire cluster 100 organized as 
one large pool of storage. In other words, the architecture 
consolidates storage, i.e., the SSDs 260 of the arrays 150, 
throughout the cluster (retrievable via cluster-wide keys) to 
enable storage of the LUNs. Both storage capacity and per 
formance may then be subsequently scaled by adding nodes 
200 to the cluster 100. 

Illustratively, the storage I/O stack 300 includes an admin 
istration layer 310, a protocol layer 320, a persistence layer 
330, a volume layer 340, an extent store layer 350, a Redun 
dant Array of Independent Disks (RAID) layer 360, a storage 
layer 365 and a NVRAM (storing NVLogs) “layer” intercon 
nected with a messaging kernel 370. The messaging kernel 
370 may provide a message-based (or event-based) schedul 
ing model (e. g., asynchronous scheduling) that employs mes 
sages as fundamental units of work exchanged (i.e., passed) 
among the layers. Suitable message-passing mechanisms 
provided by the messaging kernel to transfer information 
between the layers of the storage I/O stack 300 may include, 
e.g., for intra-node communication: i) messages that execute 
on a pool of threads, ii) messages that execute on a single 
thread progressing as an operation through the storage I/O 
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6 
stack, iii) messages using an Inter Process Communication 
(IPC) mechanism, and, e.g., for inter-node communication: 
messages using a Remote Procedure Call (RPC) mechanism 
in accordance with a function shipping implementation. 
Alternatively, the I/O stack may be implemented using a 
thread-based or stack-based execution model. In one or more 

embodiments, the messaging kernel 370 allocates processing 
resources from the operating system kernel 224 to execute the 
messages. Each storage I/O stack layer may be implemented 
as one or more instances (i.e., processes) executing one or 
more threads (e.g., in kernel or user space) that process the 
messages passed between the layers such that the messages 
provide synchronization for blocking and non-blocking 
operation of the layers. 

In an embodiment, the protocol layer 320 may communi 
cate with the host 120 over the network 130 by exchanging 
discrete frames or packets con?gured as I/O requests accord 
ing to pre-de?ned protocols, such as iSCSI and PCP. An I/O 
request, e. g., a read or write request, may be directed to a LUN 
and may include I/O parameters such as, inter alia, a LUN 
identi?er (ID), a logical block address (LBA) of the LUN, a 
length (i.e., amount of data) and, in the case of a write request, 
write data. The protocol layer 320 receives the I/O request and 
forwards it to the persistence layer 330, which records the 
request into a persistent write-back cache 380 illustratively 
embodied as a log whose contents can be replaced randomly, 
e.g., under some random access replacement policy rather 
than only in serial fashion, and returns an acknowledgement 
to the host 120 via the protocol layer 320. In an embodiment 
only I/O requests that modify the LUN, e.g., write requests, 
are logged. Notably, the I/O request may be logged at the node 
receiving the I/O request, or in an alternative embodiment in 
accordance with the function shipping implementation, the 
I/O request may be logged at another node. 

Illustratively, dedicated logs may be maintained by the 
various layers of the storage I/O stack 300. For example, a 
dedicated log 335 may be maintained by the persistence layer 
330 to record the I/O parameters of an I/O request as equiva 
lent internal, i.e., storage I/O stack, parameters, e.g., volume 
ID, offset, and length. In the case of a write request, the 
persistence layer 330 may also cooperate with the NVRAM 
280 to implement the write-back cache 380 con?gured to 
store the write data associated with the write request. In an 
embodiment, the write-back cache may be structured as a log. 
Notably, the write data for the write request may be physically 
stored in the cache 380 such that the log 335 contains the 
reference to the associated write data. It will be understood to 
persons skilled in the art that other variations of data struc 
tures may be used to store or maintain the write data in 
NVRAM including data structures with no logs. In an 
embodiment, a copy of the write-back cache may be also 
maintained in the memory 220 to facilitate direct memory 
access to the storage controllers. In other embodiments, cach 
ing may be performed at the host 120 or at a receiving node in 
accordance with a protocol that maintains coherency between 
the data stored at the cache and the cluster. 

In an embodiment, the administration layer 310 may 
apportion the LUN into multiple volumes, each of which may 
be partitioned into multiple regions (e.g., allotted as disjoint 
block address ranges), with each region having one or more 
segments stored as multiple stripes on the array 150. A plu 
rality of volumes distributed among the nodes 200 may thus 
service a single LUN, i.e., each volume within the LUN 
services a different LBA range (i.e., offset range and length, 
hereinafter offset range) or set of ranges within the LUN. 
Accordingly, the protocol layer 320 may implement a volume 
mapping technique to identify a volume to which the I/O 
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request is directed (i.e., the volume servicing the offset range 
indicated by the parameters of the I/O request). Illustratively, 
the cluster database 244 may be con?gured to maintain one or 
more associations (e. g., key-value pairs) for each of the mul 
tiple volumes, e. g., an association between the LUN ID and a 
volume, as well as an association between the volume and a 
node ID for a node managing the volume. The administration 
layer 310 may also cooperate with the database 244 to create 
(or delete) one or more volumes associated with the LUN 
(e.g., creating a volume ID/LUN key-value pair in the data 
base 244). Using the LUN ID and LBA (or LBA range), the 
volume mapping technique may provide a volume ID (e.g., 
using appropriate associations in the cluster database 244) 
that identi?es the volume and node servicing the volume 
destined for the request as well as translate the LEA (or LBA 
range) into an offset and length within the volume. Speci? 
cally, the volume ID is used to determine a volume layer 
instance that manages volume metadata associated with the 
LEA or LBA range. As noted, the protocol layer 320 may pass 
the I/O request (i.e., volume ID, offset and length) to the 
persistence layer 330, which may use the function shipping 
(e.g., inter-node) implementation to forward the I/O request 
to the appropriate volume layer instance executing on a node 
in the cluster based on the volume ID. 

In an embodiment, the volume layer 340 may manage the 
volume metadata by, e.g., maintaining states of host-visible 
containers, such as ranges of LUNs, and performing data 
management functions, such as creation of snapshots and 
clones, for the LUNs in cooperation with the administration 
layer 310. The volume metadata is illustratively embodied as 
in-core mappings from LUN addresses (i.e., offsets) to 
durable extent keys, which are unique cluster-wide IDs asso 
ciated with SSD storage locations for extents within an extent 
key space of the cluster-wide storage container. That is, an 
extent key may be used to retrieve the data of the extent at an 
SSD storage location associated with the extent key. Alterna 
tively, there may be multiple storage containers in the cluster 
wherein each container has its own extent key space, e.g., 
where the administration layer 310 provides distribution of 
extents among the storage containers. An extent is a variable 
length block of data that provides a unit of storage on the 
SSDs and that need not be aligned on any speci?c boundary, 
i.e., it may be byte aligned. Accordingly, an extent may be an 
aggregation of write data from a plurality of write requests to 
maintain such alignment. Illustratively, the volume layer 340 
may record the forwarded request (e.g., information or 
parameters characterizing the request), as well as changes to 
the volume metadata, in dedicated log 345 maintained by the 
volume layer 340. Subsequently, the contents of the volume 
layer log 345 may be written to the storage array 150 in 
accordance with a checkpoint (e.g., synchronization) opera 
tion that stores in-core metadata on the array 150. That is, the 
checkpoint operation (checkpoint) ensures that a consistent 
state of metadata, as processed in-core, is committed to (i.e., 
stored on) the storage array 150; whereas retirement of log 
entries ensures that the entries accumulated in the volume 
layer log 345 synchronize with the metadata checkpoints 
committed to the storage array 150 by, e. g., retiring those 
accumulated log entries prior to the checkpoint. In one or 
more embodiments, the checkpoint and retirement of log 
entries may be data driven, periodic or both. 

In an embodiment, the extent store layer 350 is responsible 
for storing extents on the SSDs 260 (i.e., on the storage array 
150) and for providing the extent keys to the volume layer 340 
(e.g., in response to a forwarded write request). The extent 
store layer 350 is also responsible for retrieving data (e.g., an 
existing extent) using an extent key (e.g., in response to a 
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8 
forwarded read request). The extent store layer 350 may be 
responsible for performing de-duplication and compression 
on the extents prior to storage. The extent store layer 350 may 
maintain in-core mappings (e.g., embodied as hash tables) of 
extent keys to SSD storage locations (e.g., offset on an SSD 
260 of array 150). The extent store layer 350 may also main 
tain a dedicated log 355 of entries that accumulate requested 
“put” and “delete” operations (i.e., write requests and delete 
requests for extents issued from other layers to the extent 
store layer 350), where these operations change the in-core 
mappings (i.e., hash table entries). Subsequently, the in-core 
mappings and contents of the extent store layer log 355 may 
be written to the storage array 150 in accordance with a 
“fuzzy” checkpoint 390 (i.e., checkpoint with incremental 
changes recorded in one or more log ?les) in which selected 
in-core mappings (less than the total), are committed to the 
array 150 at various intervals (e.g., driven by an amount of 
change to the in-core mappings, size thresholds of log 355, or 
periodically). Notably, the accumulated entries in log 355 
may be retired once all in-core mappings have been commit 
ted to include the changes recorded in those entries. 

In an embodiment, the RAID layer 360 may organize the 
SSDs 260 within the storage array 150 as one or more RAID 
groups (e.g., sets of SSDs) that enhance the reliability and 
integrity of extent storage on the array by writing data 
“stripes” having redundant information, i.e., appropriate par 
ity information with respect to the striped data, across a given 
number of SSDs 260 of each RAID group. The RAID layer 
360 may also store a number of stripes (e.g., stripes of suf? 
cient depth), e. g., in accordance with a plurality of contiguous 
range write operations, so as to reduce data relocation (i.e., 
internal ?ash block management) that may occur within the 
SSDs as a result of the operations. In an embodiment, the 
storage layer 365 implements storage I/O drivers that may 
communicate directly with hardware (e.g., the storage con 
trollers and cluster interface) cooperating with the operating 
system kernel 224, such as a Linux virtual function I/O 
(V FIO) driver. 

Write Path 
FIG. 4 illustrates an I/O (e.g., write) path 400 of the storage 

I/O stack 300 for processing an I/O request, e.g., a SCSI write 
request 410. The write request 410 may be issued by host 120 
and directed to a LUN stored on the storage arrays 150 of the 
cluster 100. Illustratively, the protocol layer 320 receives and 
processes the write request by decoding 420 (e. g., parsing and 
extracting) ?elds of the request, e.g., LUN ID, LBA and 
length (shown at 413), as well as write data 414. The protocol 
layer 320 may use the results 422 from decoding 420 for a 
volume mapping technique 430 (described above) that trans 
lates the LUN ID and LBA range (i.e., equivalent offset and 
length) of the write request to an appropriate volume layer 
instance, i.e., volume ID (volume 445), in the cluster 100 that 
is responsible for managing volume metadata for the LEA 
range. In an alternative embodiment, the persistence layer 
330 may implement the above described volume mapping 
technique 430. The protocol layer then passes the results 432, 
e.g., volume ID, offset, length (as well as write data), to the 
persistence layer 330, which records the request in the per 
sistence layer log 335 and returns an acknowledgement to the 
host 120 via the protocol layer 320. The persistence layer 330 
may aggregate and organize write data 414 from one or more 
write requests into a new extent 610 and perform a hash 
computation, i.e., a hash function, on the new extent to gen 
erate a hash value 472 in accordance with an extent hashing 
technique 450. 

The persistence layer 330 may then pass the write request 
with aggregated write data including, e.g., the volume ID, 














