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(57) ABSTRACT 
A system and method caches and distributes meta-data for 
one or more data containers stored on a plurality of volumes 

con?gured as a striped volume set (SVS) and served by a 
plurality of nodes interconnected as a cluster. The SVS com 
prises one meta-data volume (MDV) con?gured to store a 
canonical copy of certain meta-data, including access control 
lists and directories, associated With all data containers stored 
on the SVS, and one or more data volumes (DV) con?gured to 
store, at least, data content of those containers. In addition, for 
each data container stored on the SVS, one volume is desig 
nated a container attribute volume (CAV) and, as such, is 
con?gured to store (“cache”) a canonical copy of certain, 
rapidly-changing attribute meta-data, including time stamps 
and container length, associated With that container. 
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SYSTEM AND METHOD FOR 
MULTI-TIERED META-DATA CACHING AND 

DISTRIBUTION IN A CLUSTERED 
COMPUTER ENVIRONMENT 

RELATED APPLICATION 

[0001] The present application is a continuation of US. 
patent application Ser. No. 12/694,714, entitled SYSTEM 
AND METHOD FOR MULTI-TIERED META-DATA 
CACHING AND DISTRIBUTION IN A CLUSTERED 
COMPUTER ENVIRONMENT, by Michael Kazar et al., 
?led on Jan. 27, 2010, which is a continuation of US. patent 
application Ser. No. 11/119,277, entitled SYSTEM AND 
METHOD FOR MULTI-TIERED META-DATA CACHING 
AND DISTRIBUTION IN A CLUSTERED COMPUTER 
ENVIRONMENT, by Michael Kazar et al., ?led on Apr. 29, 
2005, now issuedasU.S. Pat. No. 7,698,334 onApr. 13,2010, 
which is related to US. patent application Ser. No. 11/119, 
278, entitled STORAGE SYSTEM ARCHITECTURE FOR 
STRIPING DATA CONTAINER CONTENT ACROSS 
VOLUMES OF A CLUSTER, by Michael Kazar, et al., ?led 
on Apr. 29, 2005, now issued as US. Pat. No. 7,698,289 on 
Apr. 13, 2010. The contents of these applications are hereby 
incorporated by reference. 

FIELD OF THE INVENTION 

[0002] The present invention relates to clustered computer 
environments and, more particularly, to caching and distrib 
uting meta-data in a cluster. 

BACKGROUND OF THE INVENTION 

[0003] A storage system typically comprises one or more 
storage devices into which information may be entered, and 
from which information may be obtained, as desired. The 
storage system includes a storage operating system that func 
tionally organizes the system by, inter alia, invoking storage 
operations in support of a storage service implemented by the 
system. The storage system may be implemented in accor 
dance with a variety of storage architectures including, but 
not limited to, a network-attached storage environment, a 
storage area network and a disk assembly directly attached to 
a client or host computer. The storage devices are typically 
disk drives organized as a disk array, wherein the term “disk” 
commonly describes a self-contained rotating magnetic 
media storage device. The term disk in this context is synony 
mous with hard disk drive (HDD) or direct access storage 
device (DASD). 
[0004] The storage operating system of the storage system 
may implement a high-level module, such as a ?le system, to 
logically organize the information stored on volumes as a 
hierarchical structure of data containers, such as ?les and 
logical units. For example, each “on-disk” ?le may be imple 
mented as set of data structures, i.e., disk blocks, con?gured 
to store information, such as the actual data for the ?le. These 
data blocks are organized within a volume block number 
(vbn) space that is maintained by the ?le system. The ?le 
system may also assign each data block in the ?le a corre 
sponding “?le offset” or ?le block number (fbn). The ?le 
system typically assigns sequences of fbns on a per-?le basis, 
whereas vbns are assigned over a larger volume address 
space. The ?le system organizes the data blocks within the 
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vbn space as a “logical volume”; each logical volume may be, 
although is not necessarily, associated with its own ?le sys 
tem. 

[0005] A known type of ?le system is a write-anywhere ?le 
system that does not over-write data on disks. If a data block 
is retrieved (read) from disk into a memory of the storage 
system and “dirtied” (i.e., updated or modi?ed) with new 
data, the data block is thereafter stored (written) to a new 
location on disk to optimize write performance. A write 
anywhere ?le system may initially assume an optimal layout 
such that the data is substantially contiguously arranged on 
disks. The optimal disk layout results in ef?cient access 
operations, particularly for sequential read operations, 
directed to the disks. An example of a write-anywhere ?le 
system that is con?gured to operate on a storage system is the 
Write Anywhere File Layout (WAFLTM) ?le system available 
from Network Appliance, Inc., Sunnyvale, Calif. 
[0006] The storage system may be further con?gured to 
operate according to a client/server model of information 
delivery to thereby allow many clients to access data contain 
ers stored on the system. In this model, the client may com 
prise an application, such as a database application, executing 
on a computer that “connects” to the storage system over a 
computer network, such as a point-to-point link, shared local 
area network (LAN), wide area network (WAN), or virtual 
private network (VPN) implemented over a public network 
such as the Internet. Each client may request the services of 
the storage system by issuing ?le-based and block-based 
protocol messages (in the form of packets) to the system over 
the network. 
[0007] A plurality of storage systems may be intercon 
nected to provide a storage system environment con?gured to 
service many clients. Each storage system may be con?gured 
to service one or more volumes, wherein each volume stores 
one or more data containers. Yet often a large number of data 
access requests issued by the clients may be directed to a 
small number of data containers serviced by a particular 
storage system of the environment. A solution to such a prob 
lem is to distribute the volumes serviced by the particular 
storage system among all of the storage systems of the envi 
ronment. This, in turn, distributes the data access requests, 
along with the processing resources needed to service such 
requests, among all of the storage systems, thereby reducing 
the individual processing load on each storage system. How 
ever, a noted disadvantage arises when only a single data 
container, such as a ?le, is heavily accessed by clients of the 
storage system environment. As a result, the storage system 
attempting to service the requests directed to that data con 
tainer may exceed its processing resources and become over 
burdened, with a concomitant degradation of speed and per 
formance. 

[0008] One technique for overcoming the disadvantages of 
having a single data container that is heavily utilized is to 
stripe the data container across a plurality of volumes con?g 
ured as a striped volume set (SVS), where each volume is 
serviced by a different storage system, thereby distributing 
the load for the single data container among a plurality of 
storage systems. A technique for data container striping is 
described in the above-referenced US. Pat. No. 7,698,289, 
entitled STORAGE SYSTEM ARCHITECTURE FOR 
STRIPING DATA CONTAINER CONTENT ACROSS 
VOLUMES OF A CLUSTER. 

[0009] In one data container striping arrangement, meta 
data (e.g., time stamps, ?le length and access control lists, 
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(ACL) associated with a data container (e. g., a ?le) may also 
be striped across (or stored on) each volume of the SVS. 
However, a disadvantage of this arrangement involves the 
latency incurred when acquiring and updating such meta-data 
needed to service a data access request directed to the ?le. For 
example, changes to the meta-data resulting from servicing of 
the request may need to be propagated to every volume. This 
substantially increases the number of accesses to the storage 
systems serving the volumes, thereby adversely impacting 
the processing capabilities available for servicing other client 
data access requests. 
[0010] An alternative arrangement may be to designate a 
single volume of the SVS as a meta-data volume (MDV) 
con?gured to store a canonical (i.e., de?nitive) copy of the 
meta-data associated with all ?les stored on the SVS. Here, 
each storage system hosting a SVS volume and servicing a 
data access request directed to a ?le is required to contact the 
MDV in order to ascertain and update the status of meta-data 
associated with the ?le. This arrangement places a substantial 
load on the storage system serving the MDV with a concomi 
tant decrease in system performance. Moreover, depending 
on the load of the SVS, the meta-data requests to/from the 
MDV may become a bottleneck, causing certain storage sys 
tems to stall (wait) until their meta-data requests have been 
processed before servicing client data access requests. 

SUMMARY OF THE INVENTION 

[0011] The present invention overcomes the disadvantages 
of the prior art by providing a system and method for caching 
and distributing meta-data for one or more data containers 
stored on a plurality of volumes con?gured as a striped vol 
ume set (SVS) and served by a plurality of nodes intercon 
nected as a cluster. To that end, the SVS comprises one 
meta-data volume (MDV) con?gured to store a canonical 
copy of certain meta-data, including access control lists and 
directories, associated with all data containers stored on the 
SVS, and one or more data volumes (DV) con?gured to store, 
at least, data content of those containers. In addition, for each 
data container stored on the SVS, one volume is designated a 
container attribute volume (CAV) and, as such, is con?gured 
to store a canonical copy of certain, rapidly-changing 
attribute meta-data, including time stamps and container 
length, associated with that container. 
[0012] According to an aspect of the invention, the meta 
data are organized into various categories (e.g., MDl-MD3) 
along functional boundaries and are resident on various vol 
umes to optimize data access (e.g., read and write) paths 
through the SVS. These categories include (i) MDl meta-data 
that changes on every data access (read/write) request served 
by the SVS, (ii) MD2 meta-data that may be retrieved (but not 
changed) on every request and (iii) MD3 meta-data that is 
unused for the read/write requests. Since it changes on every 
read/write request served by the DVs of the SVS, the MDl 
meta-data is canonically resident on the CAV and generally 
cached on the DVs. Likewise, since it may be retrieved, but 
does not change, on every request served by the DVs, the 
MD2 meta-data is canonically resident on the MDV and 
generally cached on all DVs of the SVS, including the volume 
designated as CAV. Finally, since it is unused for a read/write 
request, the MD3 meta-data is canonically, and solely, resi 
dent on the MDV. 

[0013] According to another aspect of the invention, the 
CAV cooperates with the MDV and DVs of the SVS to pro 
vide a multi-tier caching and distribution architecture that 
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of?oads meta-data access requests that would otherwise be 
directed to the MDV. Here, the CAV is utilized as a ?rst tier 
caching and distribution point for storing and distributing 
most meta-data, e.g., MDl and MD2, for use by the DVs of 
the SVS. In the case of the MDl meta-data, the multi-tier 
caching and distribution architecture enables the DVs to con 
stantly access the CAV for meta-data changes that occur on 
every read/write request. The MDl access path is relatively 
“short” and, notably, of?oads all such frequent requests from 
the MDV. In the case of MD2 meta-data, the multi-tier cach 
ing and distribution architecture enables the DV to access the 
CAV for meta-data retrieved on every read/write request. In 
general, the MD2 access path terminates at the CAV for 
current meta-data; however, since it does not store a canonical 
copy of the MD2 meta-data, the CAV may have to acquire a 
current version of the meta-data from the MDV if its copy is 
invalid. 
[0014] Advantageously, the present invention facilitates (i) 
propagating of meta-data throughout the nodes of the cluster 
for storage on various volumes (“caches”) of the SVS and (ii) 
updating of those caches in an ef?cient manner. That is, the 
novel multi-tier caching and distribution architecture reduces 
the latency incurred when acquiring and updating such meta 
data needed to service a data access request directed to a data 
container to thereby provide a high-performance cluster. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] The above and further advantages of invention may 
be better understood by referring to the following description 
in conjunction with the accompanying drawings in which like 
reference numerals indicate identical or functionally similar 
elements: 
[0016] FIG. 1 is a schematic block diagram ofa plurality of 
nodes interconnected as a cluster in accordance with an 

embodiment of the present invention; 
[0017] FIG. 2 is a schematic block diagram of a node in 
accordance with an embodiment of the present invention; 
[0018] FIG. 3 is a schematic block diagram of a storage 
operating system that may be advantageously used with the 
present invention; 
[0019] FIG. 4 is a schematic block diagram illustrating the 
format of a cluster fabric (CF) message in accordance with an 
embodiment of with the present invention; 
[0020] FIG. 5 is a schematic block diagram illustrating the 
format of a data container handle in accordance with an 
embodiment of the present invention; 
[0021] FIG. 6 is a schematic block diagram of an exemplary 
inode in accordance with an embodiment of the present 
invention; 
[0022] FIG. 7 is a schematic block diagram of an exemplary 
buffer tree in accordance with an embodiment of the present 

invention; 
[0023] FIG. 8 is a schematic block diagram of an illustrative 
embodiment of a buffer tree of a ?le that may be advanta 
geously used with the present invention; 
[0024] FIG. 9 is a schematic block diagram of an exemplary 
aggregate in accordance with an embodiment of the present 
invention; 
[0025] FIG. 10 is a schematic block diagram of an exem 
plary on-disk layout of the aggregate in accordance with an 
embodiment of the present invention; 
[0026] FIG. 11 is a schematic block diagram illustrating a 
collection of management processes in accordance with an 
embodiment of the present invention; 
























