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(57) ABSTRACT 

The automatic mapping of a set of physical drives to virtual 
drives is disclosed. Given a maximum set of 11 physical serv 
ers, S 1-Sn, and a maximum set of m physical drives, Dl-Dm, 
a mapping of a set of virtual drives, Vl-Vn, to the physical 
drives Dl-Dm, is created, assuming 11 and m are ?xed and 
known, and one virtual drive is created per server. Physical 
drives of siZe DsiZe are organized into a maximum of p 
“Stripe Sets” SS I-SSP, each Stripe Set containing an equal 
number of physical drives. Each virtual drive Will have a siZe, 
VsiZe:(m*DsiZe)/n (rounded doWn to the nearest integer). 
Virtual drives are mapped sequentially to Stripe Sets, starting 
WithVl mapped to SS 1. Successive virtual drives are mapped 
to Stripe Sets until all virtual drives have been mapped to a 
Stripe Set. 
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VIRTUAL DRIVE MAPPING 

FIELD OF THE INVENTION 

[0001] This invention relates to the mapping of virtual 
drives to servers, and more particularly, to the automated 
mapping of virtual drives to servers in a system that allows for 
additional servers and physical drives to be subsequently 
added to the system in a manner that does not require any 
change to the original mapping. 

BACKGROUND OF THE INVENTION 

[0002] FIG. 1 is an exemplary illustration of a conventional 
blade server 100 connected to an external sWitched fabric. 
Blade servers overcome some of the ine?iciencies of indi 
vidual standalone or rack-mounted one unit (1U) high serv 
ers, each of Which is self-contained and includes separate 
poWer supplies, fans, and the like. Individual servers are 
therefore inef?cient in terms of space, poWer, cooling, and 
other characteristics. Blade servers 100 utiliZe a modular, 
plug-in approach Wherein the housing for each server is elimi 
nated along With self-contained components such as poWer 
supplies and fans. Each previously standalone server is there 
fore reduced to a server “blade” 102 (typically eight to 14 in 
a blade server chassis 106) capable of being plugged into a 
midplane 104 Within the blade server chassis 106 from the 
front of the chassis. The midplane 104 contains connectors 
for receiving the server blades 102 and typically contains 
from one to four “lanes” or paths on a Printed Circuit Board 
(PCB) for carrying signals. The midplane 104 therefore 
eliminates much of the cabling that Was required With indi 
vidual servers. The blade server chassis 106 also provides 
redundant common cooling and poWer to the server blades 
102 through the midplane 104. 
[0003] Conventional blade servers 100 may be connected 
to redundant external sWitch fabrics 108 through an “A” side 
Input/Output (I/O) sWitch 10 and a “B” side I/O sWitch 112, 
Which plug into the midplane 104 from the back of the chassis 
106. Typically, the redundancy enables one sWitch to take 
over if the other fails. In addition, the blade server midplane is 
typically plumbed to alloW for multiple independent redun 
dant fabrics or I/O protocols, such as Fibre Channel (FC), 
Serial Attached SCSI (SAS), SATA, Ethernet or In?niBand. 
In the case of a PC con?guration, each embedded sWitch 110 
and 112 may be a PC Arbitrated Loop (FC_AL) sWitch or a 
full fabric sWitch, With a separate port to receive a FC link 116 
from each of the multiple server blades 102, and output ports 
for connecting to each of the external sWitched fabrics 108. 
[0004] To enable the server blades 102 to communicate 
With the sWitch fabric, typically a meZZanine I/O card 114 that 
performs a Host Bus Adapter (HBA) (a.k.a. I/O Controller 
(IOC)) function is required in each server blade 102. These 
meZZanine I/ O cards 114 are typically mounted to the server 
blades 102 as daughter cards. Note that this may also be 
accomplished by embedding an IOC directly on the server 
blade. HoWever, this increases complexity for the Original 
Equipment Manufacturer (OEM), Who must noW make a 
different server blade for each type of I/O that Will be sup 
ported. For purposes of this speci?cation, meZZanine I/O 
cards 114, referred to herein, include both daughter cards and 
IOCs mounted directly onto the server blade. The output of a 
meZZanine I/O card 114 is tWo I/O links 116 routed to each of 
the tWo embedded sWitches 110 and 112. The meZZanine I/O 
cards 114 folloW the standard device driver model, so that 
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When a server blade 102 With a meZZanine I/O card 114 is 
plugged into the midplane 104 and connected to an embedded 
sWitch 110 or 112, it appears to be a standalone server With a 
Peripheral Component Interconnect (PCI) card communicat 
ing With an external sWitch. 
[0005] Each conventional serverblade 102 has traditionally 
included tWo disk drives 118 for redundancy. HoWever, the 
compact nature of blade servers 100 and the desired small siZe 
of the server blades 102 means that the tWo disk drives 118 
normally contained in each server blade take up valuable 
space. 
[0006] Modern disk drives contain more storage capacity 
that is typically needed by a server blade, and thus diskless 
server blades have been developed in Which the physical disk 
drives are located either in another board Within the blade 
server (an “embedded” implementation) or even in an enclo 
sure outside the blade server (eg a storage array connected to 
the blade server). One company that makes diskless server 
blades for non-FC applications is Engenera. 
[0007] Diskless server blades boot off of virtual drives, 
Which are formed Within the physical drives. The mapping of 
server blades and virtual drives has conventionally been a 
manual process involving adjusting Basic Input/Output Sys 
tem (BIOS) settings and setting up the storage array With a 
World-Wide Port Name (WWPN) that maps to the server 
blades and the blade server. 
[0008] Heretofore, in both blade server and non-blade 
server applications, there has been no Way to automatically 
create virtual drives and map servers to the virtual drives. 
HoWever, if the maximum number of alloWable servers and 
drives is knoWn, then a processor executing ?rmware either 
Within one of the servers or external to the servers can auto 

matically create virtual drives from existing physical drives, 
map them to existing servers, and alloW for servers and drives 
to be subsequently added to the system (up to the maximum 
alloWable numbers) Without disrupting the mapping. 
[0009] Therefore, there is a need to automatically create 
virtual drives from existing physical drives and map existing 
servers to the virtual drives When the maximum number of 
alloWable servers and drives is knoWn, and also to alloW for 
additional servers and drives (up to the maximum alloWable 
numbers) to be added and mapped Without disrupting the 
original mapping. 

SUMMARY OF THE INVENTION 

[0010] Embodiments of the present invention are directed 
to automatically mapping a set of physical drives to a larger 
number of virtual drives for use by a set of computer servers. 
Users of this invention Will save costs, space and poWer by 
using feWer physical drives than the number of physical serv 
ers. 

[0011] Given a maximum set of n physical servers, denoted 
Sl-Sn, and a maximum set of m physical drives, denoted 
D l-Dm, embodiments of the present invention de?ne a set of 
algorithms implemented in ?rmWare to automatically create 
and map a set of virtual drives, denotedVl -Vn, to the physical 
drives D l-Dm, given the folloWing assumptions: (1) the maxi 
mum number of supported servers, n, is ?xed and knoWn, (2) 
the maximum number of supported physical drives, m, is 
?xed and knoWn, and (3) one virtual drive is created per server 
(i.e. n total virtual drives are presented). 
[0012] In the virtual drive mapping algorithm, all virtual 
drives are the same siZe. Striping (also knoWn as a Redundant 
Array of Independent Disks 0 (RAID 0)) is used to map the 
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virtual drives to the physical drives. Physical drives are orga 
niZed into “Stripe Sets,” With each Stripe Set containing an 
equal number of physical drives. There are a maximum of p 
Stripe Sets denoted SSl-SSp. Because each Stripe Set has an 
equal number of drives, the maximum number of physical 
drives m, must be divisible by the maximum number of Stripe 
Sets, p, With m/p physical drives per Stripe Set. 
[0013] To automatically con?gure a maximum set of m 
physical drives into a maximum set of n virtual drives, the 
number of physical drives currently installed in the system, 
NUMdrives, and the siZe (capacity) in bytes of the installed 
physical drives is ?rst discovered by querying each drive for 
its capacity. The smallest reported capacity of any of the 
physical drives, DsiZe, is then assumed to be the capacity of 
all physical drives that are installed, or Will be installed, in the 
system. 
[0014] Because there are a maximum of n virtual drives 

supported by a maximum of m physical drives of siZe DsiZe, 
and all virtual drives are the same siZe, each virtual drive Will 
have a siZe, VsiZe, equal to the maximum total siZe of all 
physical drives, In times DsiZe, divided by the maximum 
number of virtual drives n, rounded doWn to the nearest 

integer. In other WOI‘dS,VS1Ze:(II1*DS1Ze)/I1 (rounded doWn to 
the nearest integer). 

[0015] Next, the number of Stripe Sets must be selected. A 
default value for the number of Stripe Sets may be used to 
provide automatic con?guration. The number of Stripe Sets, 
p, must be greater than or equal to l, and less than or equal to 
the maximum number of physical drives m, With m being 
divisible by p. In other Words, lépém, Where m is divisible 
by p. 
[0016] By default, embodiments of the present invention 
may select the number of Stripe Sets, p, to yield the smallest 
number of physical drives per Stripe Set greater than 1. Each 
Stripe Set has a siZe, SSsiZe, equal to the siZe of a single 
physical drive DsiZe multiplied by the number of physical 
drives in a stripe set, m/p. In other Words, SSsiZe:DsiZe*m/p 
(rounded doWn to the nearest integer). 
[0017] Virtual drives are mapped sequentially to Stripe 
Sets, starting With Vl mapped to SS1. Successive virtual 
drives are mapped to the Stripe Sets, in order, until all virtual 
drives have been mapped to a Stripe Set. 

[0018] Next, a validation step may be performed in Which 
computations are made to determine if any of the con?gura 
tion assumptions are being violated. To validate the con?gu 
ration, the number of drives present, NUMdrives, determined 
above, must be checked to ensure that it maps into an integer 
number of Stripe Sets. In other Words, the number of physical 
drives present, NUMdrives, must be a multiple of the number 
of drives in a Stripe Set, m/p. 

[0019] The actual number of servers present, NUMservers, 
must be discovered by querying the interconnect to the serv 
ers. Next, to ensure that the number of servers present, NUM 
servers, can be supported by the number of physical drives 
present, NUMdrives, the virtual drives are mapped to the 
physical drives as described above. 

[0020] If the con?guration is not valid for any of the above 
reasons, the user may be noti?ed of the cause of the problem, 
and provided With instructions to create a valid con?guration. 
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Typically, a valid con?guration can be reached by adding a 
number of physical drives until all requirements are satis?ed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] FIG. 1 is an exemplary illustration of a conventional 
blade server connected to an external sWitched fabric. 

[0022] FIG. 2 is an illustration of an exemplary blade server 
employing diskless serverblades coupled through a midplane 
to storage concentrators in a purpose-built embodiment 
capable of supporting the present invention. 
[0023] FIG. 3 is an illustration of an exemplary blade server 
employing diskless serverblades coupled through a midplane 
to I/O sWitches to external storage arrays in an alternative 
embodiment capable of supporting the present invention. 
[0024] FIG. 4 is a conceptual illustration of the mapping of 
servers to virtual drives according to embodiments of the 
present invention. 
[0025] FIG. 5 is an illustration of an exemplary mapping of 
servers to virtual drives according to embodiments of the 
present invention. 
[0026] FIG. 6 is a conceptual illustration of the mapping of 
servers to virtual drives in a mirrored con?guration according 
to embodiments of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0027] In the following description of preferred embodi 
ments, reference is made to the accompanying draWings 
Which form a part hereof, and in Which it is shoWn by Way of 
illustration speci?c embodiments in Which the invention may 
be practiced. It is to be understood that other embodiments 
may be utiliZed and structural changes may be made Without 
departing from the scope of the preferred embodiments of the 
present invention. 
[0028] Although embodiments of the present invention are 
described herein in terms of blade servers and server blades, 
it should be understood that the present invention is not lim 
ited to blade servers and server blades, but is generally appli 
cable to any multiple-server system employing virtual drives. 
In addition, the present invention is not limited to systems that 
support PC, but includes In?niBand, Ethernet, Serial 
Attached Small Computer System Interconnect (SAS) sig 
naling and the like. Implementation of these protocols 
requires that the midplane or other connectivity support the 
protocols. 
[0029] Embodiments of the present invention are directed 
to automatically mapping a set of physical drives to a larger 
number of virtual drives for use by a set of computer servers. 
Users of this invention Will likely save costs by using feWer 
physical drives than the number of physical servers. 
[0030] FIG. 2 is an illustration of an exemplary blade server 
200 employing diskless server blades 202 coupled through a 
midplane 204 to storage concentrators 210 and 212 in a pur 
pose-built embodiment capable of supporting the present 
invention. The storage concentrators 210 and 212 may 
include I/ O sWitch functionality and a CPU 222, and may be 
connected to physical drives 224 Within the blade server 200, 
or alternatively may connect to physical drives located out 
side the blade server. The storage concentrators 210 and 212 
connect the diskless server blades 202 to redundant external 
FC links 220. The CPU 222 Within each storage concentrator 
210 and 212 executes the ?rmware 226 of the present inven 
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tion. The ?rmware 226 will create virtual drives 218 that are 
associated with each of the diskless server blades 202. 

[0031] FIG. 3 is an illustration of an exemplary blade server 
300 employing diskless server blades 302 coupled through a 
midplane 304 to I/O switches 310 and 312 in an alternative 
embodiment capable of supporting the present invention. In 
FIG. 3, a storage array 326 separate from the blade server 300 
may contain the physical drives 324, a processor 322, and an 
Application Programming Interface (API) 328 including 
?rmware for automatically performing virtual drive creation 
and mapping according to embodiments of the present inven 
tion. The ?rmware will create virtual drives 318 that are 
associated with each of the diskless server blades 302. 
[0032] It should be noted that FIGS. 2 and 3 illustrate two 
exemplary systems capable of employing embodiments of 
the present invention. In general, the functionality of the 
present invention may be implemented in ?rmware, an API, 
or any other type of computer program that may be executed 
by a processor or CPU or other instruction-processing device 
or circuit located in any switching device, storage concentra 
tor or storage array in a system utiliZing the concept of virtual 
drives or devices. 

[0033] FIG. 4 is a conceptual illustration of the mapping of 
servers to virtual drives according to embodiments of the 
present invention. FIG. 4 shows a maximum set of n physical 
servers, denoted Sl-Sn, and a maximum set of m physical 
drives, denoted D l-Dm. For purposes of comparison and cor 
relation to an actual physical system, the servers S 1 -Sn in FIG. 
4 correlate to the server blades 202 in FIG. 2 or the server 
blades 302 in FIG. 3, and the physical drives D 1 -Dm in FIG. 4 
correlate to the physical drives 224 connected to one of the 
storage concentrators 210 or 212 in FIG. 2, or correlate to the 
physical drives 324 in storage array 326 in FIG. 3. 
[0034] Embodiments of the present invention de?ne a set of 
algorithms implemented in ?rmware to automatically create 
and map a set of virtual drives (denotedVl -Vn in FIG. 4) given 
the following assumptions: (1) the maximum number of sup 
ported servers, n, is ?xed and known, (2) the maximum num 
ber of supported physical drives, m, is ?xed and known, and 
(3) one virtual drive is created per server (i.e. n total virtual 
drives are presented). The n and m values may be provided to 
the ?rmware of the present invention. These assumptions 
enable virtual drives to be created and mapped to servers 
using current quantities of servers and physical drives, and 
allows for adding servers and physical drives up to the maxi 
mum numbers n and m without having to perform any re 
mappings of virtual drives to servers. In alternative embodi 
ments, there may be more than one virtual drive per server. 
The actual number of virtual drives present at any time is of 
course limited by the actual number of servers installed in the 
system. 
[0035] In the virtual drive mapping algorithm, all virtual 
drives are the same siZe. Alternative embodiments may sup 
port different siZe virtual drives. (Size means the capacity, in 
bytes, of a drive, virtual or physical). Any number of servers, 
from 1 to n, can be supported. In general, a user would start 
with a smaller number of servers and add servers over time. 
When adding servers, the siZe of existing virtual drives 
remains ?xed. Virtual drive siZes are not reduced. 

[0036] Striping (also known as a Redundant Array of Inde 
pendent Disks 0 (RAID 0)) is used to map the virtual drives to 
the physical drives. Striping is a technique to distribute data 
from a single virtual drive to multiple physical drives. Physi 
cal drives are organized into “Stripe Sets,” with each Stripe 
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Set containing an equal number of physical drives. There are 
a maximum of p Stripe Sets denoted SSl-SSP in the example 
of FIG. 4. Because each Stripe Set has an equal number of 
drives, the maximum number of physical drives m, must be 
divisible by the maximum number of Stripe Sets, p, with m/p 
physical drives per Stripe Set. Any actual number of Stripe 
Sets, from 1 to p, can be supported, provided that enough 
actual Stripe Sets are present to support the number of servers 
present. It should be noted that FIG. 4 shows two physical 
drives per Stripe Set as an example only; other numbers of 
physical drives per Stripe Set are possible. 
[0037] To automatically con?gure a maximum set of m 
physical drives into a maximum set of n virtual drives, the 
number of physical drives currently installed in the system, 
NUMdrives, and the siZe (capacity) in bytes of the installed 
physical drives is ?rst discovered by querying each drive for 
its capacity. Query methods depend on the speci?c protocol 
being used, and the invention does not depend on any speci?c 
query method. As an example, the “Read Capacity” com 
mand can be used in the SCSI protocol to determine the block 
siZe and total number of blocks on a drive. The smallest 
reported capacity of any of the physical drives, DsiZe, is then 
assumed to be the capacity of all physical drives that are 
installed, or will be installed, in the system. Note that using 
the smallest siZe of a single drive as the capacity of all drives 
leaves unused capacity on drives larger than DsiZe, but sim 
pli?es the mapping algorithm and allows for expansion of the 
number of installed servers and physical drives (up to the 
assumed maximums n and m) without requiring re-mapping. 
If less than m physical drives are present during the initial 
discovery, then any new drives added must have a siZe greater 
than or equal to DsiZe. If the new drive has a siZe smaller than 
DsiZe, it results in an unsupported con?guration. In this case, 
the user may be noti?ed of the error, and provided with 
instructions to replace the drive with a different drive of 
capacity greater than or equal to DsiZe. 
[0038] Because there are a maximum of n virtual drives 
supported by a maximum of m physical drives of siZe DsiZe, 
and all virtual drives are the same siZe, each virtual drive will 
have a siZe, VsiZe, equal to the maximum total siZe of all 
physical drives, In times DsiZe, divided by the maximum 
number of virtual drives n, rounded down to the nearest 
integer. In other words, VsiZe:(m*DsiZe)/n (rounded down to 
the nearest integer). 
[0039] Next, the number of Stripe Sets must be selected. 
The use of Stripe Sets, while optional, allows the ?exibility to 
upgrade the number of physical drives as long as entire Stripe 
Sets are added at a time. Because physical drives must be 
added in quantities equal to complete Stripe Sets, the number 
of drives in a Stripe Set represents a “cost granularity” to the 
user. However, having more drives in a Stripe Set improves 
performance because it is faster to access information from 
multiple physical drives at the same time, so there is a trade 
off between cost granularity andperformance. A default value 
for the number of Stripe Sets will be used to provide auto 
matic con?guration, although in alternative embodiments 
users can specify a different value to optimiZe cost granularity 
vs. performance for a given application. The number of Stripe 
Sets, p, must be greater than or equal to l, and less than or 
equal to the maximum number of physical drives m, with m 
being divisible by p. In other words, lépém, where m is 
divisible by p. 
[0040] By default, embodiments of the present invention 
may select the number of Stripe Sets, p, to yield the smallest 
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number of physical drives per Stripe Set greater than 1. Thus, 
if there is only one physical drive, then there will be one Stripe 
Set with one physical drive per Stripe Set. Note that if the 
maximum number of physical drives, m, is prime, then by 
default there will be only one Stripe Set with m physical 
drives per Stripe Set, resulting in the highest cost granularity. 
In alternative embodiments, other methods may be used to 
select the default number of Stripe Sets. 
[0041] Each Stripe Set has a siZe, SSsiZe, equal to the siZe 
of a single physical drive DsiZe multiplied by the number of 
physical drives in a stripe set, m/p. In other words, 
SSsiZe:DsiZe*m/p (rounded down to the nearest integer). 
[0042] The next step is to map the virtual drives to the 
physical drives. Physical drives are added to the system a 
Stripe Set at a time. Each Stripe Set can support a number of 
physical servers determined by the number of virtual drives 
that ?t within a Stripe Set. Virtual drives are mapped sequen 
tially to Stripe Sets, starting with Vl mapped to SS1. Virtual 
drives continue to be mapped to SSl until SSl does not have 
enough capacity left to support another virtual drive. The 
number of whole virtual drives mapped to SS 1 is equal to the 
siZe of a Stripe Set divided by the siZe of a virtual drive, 
rounded down to the nearest integer. In other words, the 
number of whole virtual drives mapped to SSl is equal to 
SSsiZe/VsiZe:(DsiZe*m/p)/((m*DsiZe)/n):(m/p)/(m/n):n/ 
p, rounded down to the nearest integer. 
[0043] Unused capacity in SSl is combined with enough 
capacity from the second Stripe Set SS2 to support the next 
sequential virtual drive. Virtual drives continue to be mapped 
to SS2 until it no longer has enough capacity to support the 
next virtual drive. This iterative process continues under con 
trol of ?rmware until all virtual drives have been mapped. 
During this process, because the ?rmware knows the siZe of 
each virtual drive, VsiZe, and the siZe of each Stripe Set, 
SSsiZe, it can track how much of each Stripe Set is “con 
sumed” as each successive virtual drive is mapped to it, and in 
this manner iteratively determine which successive whole 
and partial virtual drives are mapped to successive Stripe Sets 
using straightforward calculations easily implemented by 
those skilled in the art. One example of this process is as 
follows: (I) map ?rst virtual drive to ?rst Stripe Set; (2) 
compute remaining space in Stripe Set; (3) as long as remain 
ing space in Stripe SetZVsiZe, map next virtual drive to 
Stripe Set, compute new remaining space in Stripe Set, and 
repeat step (3); (4) when remaining space in Stripe 
Set<VsiZe, map portion of next virtual drive equal to remain 
ing space in Stripe Set to the Stripe Set, and map the remain 
ing space in next virtual drive to next Stripe Set; and (5) repeat 
steps (2) through (4) until last virtual drive has been mapped 
to last Stripe Set. 
[0044] Users may need to know how many total servers can 
be supported by a given number of Stripe Sets. If the number 
of installed Stripe Sets is s, the number of supported servers 
equals the total capacity of all installed Stripe Sets divided by 
the siZe of a virtual drive, rounded down to the nearest integer. 
From the equation above, the number of supported 
servers:s*n/p (rounded down to the nearest integer). 
[0045] FIG. 5 is an illustration of an exemplary mapping of 
servers to virtual drives according to embodiments of the 
present invention. FIG. 5 illustrates an example with a maxi 
mum of seven servers, six physical drives, and three Stripe 
Sets. In this example, it is possible to have one, two, three or 
six Stripe Sets, given the maximum of six physical drives. A 
default of three Stripe Sets is used because it gives two physi 
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cal drives per Stripe Set (the smallest number of drives per 
Stripe Set greater than one). Given that there is a maximum of 
seven servers, seven virtual drives must be mapped, each 
having a siZe of ((6 physical drives)*DsiZe)/7 virtual drives. 
Each Stripe Set has a siZe of 2*DsiZe because there are two 
physical drives per Stripe Set. In the example of FIG. 5, V1 
and V2 are mapped to SS1. V3 is mapped to the remaining 
capacity in SSl until all capacity in SS 1 is consumed, and the 
remainder ofV3 is mapped to SS2. V4 is mapped to SS2. V5 is 
mapped to the reminder of SS2, until all capacity in SS2 is 
consumed. The remainder of V5 is mapped to SS3. Finally, V6 
and V7 are mapped to S3. Given this mapping, supported 
con?gurations of actual numbers of physical drives and serv 
ers are shown in the following Table 1: 

TABLE 1 

Number of 
Physical Drives Number of Number of 

Present Virtual Drives Servers Supported 

1 Not Supported Not Supported 
2 2 l or 2 
3 Not Supported Not Supported 
4 4 1, 2, 3 or 4 
5 Not Supported Not Supported 
6 7 l,2,3,4,5,6or7 

[0046] Next, a validation step is performed in which com 
putations are made to determine if any of the con?guration 
assumptions are being violated. For example, if only D1 was 
installed (one physical drive installed) in FIG. 5, this would be 
an invalid con?guration (see Table 1) because each Stripe Set 
requires two physical drives. 
[0047] To validate the con?guration, the number of drives 
present, NUMdrives, determined above, must be checked to 
ensure that it maps into an integer number of Stripe Sets. The 
number of drives in each Stripe Set is equal to the maximum 
number of physical drives m, divided by the number of Stripe 
Sets p. The number of physical drives present, NUMdrives, 
must be a multiple of the number of drives in a Stripe Set, m/p. 
The number of Stripe Sets, s, is equal to the number of drives 
present, NUMdrives, divided by the number of drives in a 
stripe set, m/p. In other words, s:NUMdrives/(m/p). 
[0048] The actual number of servers present, NUMservers, 
must be discovered by querying the interconnect to the serv 
ers. Speci?c query methods vary based on interconnect and 
protocol, and the invention is not dependent on the speci?c 
methods. As an example, in Fibre Channel a PLOGI com 
mand can be used to determine whether or not a server is 

present, and obtain the WWN of the server if present. Next, to 
ensure that the number of servers present, NUMservers, can 
be supported by the number of physical drives present, NUM 
drives, the virtual drives are mapped to the physical drives as 
described above. Of course, the number of servers present, 
NUMservers, must be less than or equal to the number of 
supported servers, In other words, NUMservers<:s*n/p 
(rounded down to the nearest integer). 
[0049] If the con?guration is not valid for any of the above 
reasons, the user may be noti?ed of the cause of the problem, 
and provided with instructions to create a valid con?guration. 
Typically, a valid con?guration can be reached by adding a 
number of physical drives until all requirements are satis?ed. 
[0050] The con?guration may be re-validated as described 
above when drives or servers are added or removed. In par 

ticular, when drives are added, embodiments of the present 
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invention may ?rst verify that the size of all neW drives is 
greater than or equal to DsiZe. 
[0051] In alternative embodiments of the present invention 
illustrated symbolically in the example of FIG. 6, automated 
mapping of virtual drives to servers as described above may 
be used in a con?guration that uses RAID 1 (mirroring) on 
each server to provide high availability. In the example of 
FIG. 6, tWo independent sets of physical drives Dl-D6 and 
D7-Dl2 can be mapped using this invention to create tWo 
independent sets of virtual drives Vl-V7 and V8-V14. Each 
server is mapped to tWo virtual drives of equal siZe, that in 
turn map to separate physical drives. RAID 1 on each server 
mirrors all Writes to both virtual drives. Since all data is 
mirrored (copied) to both drives, no single drive failure Will 
cause the system to fail. 

[0052] In a RAID 1 application, the redundant virtual 
drives seen by each server should be equal in siZe. To achieve 
equal siZe virtual drives, each instance of the virtual drive 
mapping algorithm independently discovers the siZe of the 
loWest capacity physical drive present, DsiZe. Each instance 
then communicates the DsiZe it discovered, then both 
instances use the smaller of the tWo as a common DsiZe. 

Additionally, When validating the con?guration, both 
instances must communicate to ensure that the con?guration 
present is supported. 
[0053] Embodiments of the present invention can support 
more than one virtual drive per server, given a knoWn maxi 
mum number of virtual drives. Such a variation might be 
useful to have multiple operating system images per server. 
For example, each server could have one virtual drive loaded 
With a WindoWs system image, and another virtual drive 
loaded With a Linux system image. Users could choose Which 
virtual drive to use at boot time. 

[0054] In a blade server environment, each physical port on 
an embedded storage concentrator is connected to a speci?c 
physical server slot. During the discovery process, a unique 
name (example: WWNN in Fibre Channel) is identi?ed for 
each active server in each physical slot. A table can be created 
that saves the mapping of server names to physical slots. Each 
time a server is removed or inserted the invention can update 
the mapping table. If a server is removed from a physical slot 
and a neW server is added With a different name in the same 

slot, the invention can detect this situation by comparing the 
server name of the neW server With server name saved in the 

mapping table for that physical slot. Several options are pos 
sible for this situation. A user may desire that the existing 
virtual drive image be mapped to the neW physical server to 
enable rapid restoration of existing applications on a neW 
server When an existing server fails. The invention can be 
con?gured to automatically map an existing virtual drive and 
all of its data to a neW physical server replacing a failed server 
in a speci?c physical slot. Additionally, if an existing server is 
moved from one physical slot to another physical slot, the 
invention can detect this case by searching the mapping table 
to ?nd the server name of the server that Was just inserted into 
a different slot. Since that server name Was previously 
recorded in the mapping table in a different slot, the invention 
can detect that the server has been moved from one physical 
slot to another physical slot. In this case, one option is to map 
the existing virtual drive and all of its data to the neW physical 
slot. 

[0055] Although the present invention has been fully 
described in connection With embodiments thereof With ref 
erence to the accompanying draWings, it is to be noted that 

Jun. 12, 2008 

various changes and modi?cations Will become apparent to 
those skilled in the art. Such changes and modi?cations are to 
be understood as being included Within the scope of the 
present invention as de?ned by the appended claims. 
What is claimed is: 
1. A processor programmed for automatically mapping a 

set of physical drives to a larger number of virtual drives in a 
storage system, given a maximum number of physical drives 
and virtual drives in the system, by performing the steps of: 

determining a common physical drive siZe for all physical 
drives; 

determining a virtual drive siZe for all virtual drives; 
determining a number of Stripe Sets, each Stripe Set hav 

ing an integer number of physical drives; and 
mapping each virtual drive to one or more Stripe Sets. 
2. The processor as recited in claim 1, Wherein the step of 

determining a common physical drive siZe for all physical 
drives comprises discovering the siZe of all installed physical 
drives and utiliZing the smallest discovered siZe as the com 
mon physical drive siZe. 

3. The processor as recited in claim 2, Wherein the step of 
determining a common physical drive siZe for all physical 
drives comprises querying each installed physical drive for its 
capacity. 

4. The processor as recited in claim 1, Wherein the step of 
determining a common virtual drive siZe for all virtual drives 
comprises multiplying the maximum number of physical 
drives by the common physical drive siZe and dividing by the 
maximum number of virtual drives. 

5. The processor as recited in claim 1, Wherein the step of 
determining a number of Stripe Sets comprises selecting the 
number of Stripe Sets to yieldthe smallest number of physical 
drives per Stripe Set greater than one. 

6. The processor as recited in claim 5, the processor further 
programmed for computing a Stripe Set siZe for each Stripe 
Set by multiplying the common physical drive siZe by the 
integer number of physical drives in each Stripe Set. 

7. The processor as recited in claim 1, Wherein the step of 
mapping each virtual drive to one or more Stripe Sets com 
prises: 

(l) mapping a ?rst virtual drive to a Stripe Set; 
(2) computing a remaining space in the Stripe Set; 
(3) as long as the remaining space in the Stripe SetZVsiZe, 
mapping a next virtual drive to the Stripe Set, computing 
a neW remaining space in Stripe Set, and repeating step 
(3); 

(4) When the remaining space in the Stripe Set<VsiZe, 
mapping the portion of the next virtual drive equal to the 
remaining space in the Stripe Set to the Stripe Set, and 
mapping a remaining portion of the next virtual drive to 
a next Stripe Set; and 

(5) repeating steps (2) through (4) until a last virtual drive 
has been mapped to a last Stripe Set. 

8. The processor as recited in claim 1, the processor further 
programmed for performing the step of validating the map 
ping to determine if any con?guration assumptions have been 
violated by: 

discovering a number of installed physical drives; and 
verifying that the number of installed physical drives is a 

multiple of the number of physical drives in a Stripe Set. 
9. The processor as recited in claim 1, Wherein the proces 

sor is further capable of automatically re-mapping the physi 
cal drives to the virtual drives When drives or servers are 
added or removed. 
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10. The processor as recited in claim 1, Wherein the storage 
system is a mirrored con?guration. 

11. The processor as recited in claim 1, Wherein When the 
storage system includes one or more servers, the processor is 
further programmed for performing the step of assigning one 
or more virtual drives per server. 

12. A storage array comprising the processor of claim 1. 
13 . A blade server comprising the storage array of claim 12. 
14. A Storage Area Network (SAN) comprising the blade 

server of claim 13. 
15. The processor as recited in claim 1, Wherein the pro 

cessor is a component of a storage concentrator. 
16. The processor as recited in claim 15, Wherein the stor 

age concentrator is a component of a blade server. 
17. The processor as recited in claim 16, Wherein the blade 

server is a component of a Storage Area Network (SAN). 
18. One or more storage media including a computer pro 

gram Which, When executed by one or more processors, auto 
matically maps a set of physical drives to a larger number of 
virtual drives in a storage system, given a maximum number 
of physical drives and virtual drives in the system, by causing 
the one or more processors to perform the steps of: 

determining a common physical drive siZe for all physical 
drives; 

determining a virtual drive siZe for all virtual drives; 
determining a number of Stripe Sets, each Stripe Set hav 

ing an integer number of physical drives; and 
mapping each virtual drive to one or more Stripe Sets. 
19. The one or more storage media as recited in claim 18, 

Wherein the step of determining a common physical drive siZe 
for all physical drives comprises discovering the siZe of all 
installed physical drives and utiliZing the smallest discovered 
siZe as the common physical drive siZe. 

20. The one or more storage media as recited in claim 19, 
Wherein the step of determining a common physical drive siZe 
for all physical drives comprises querying each installed 
physical drive for its capacity. 

21. The one or more storage media as recited in claim 20, 
Wherein the step of determining a common virtual drive siZe 
for all virtual drives comprises multiplying the maximum 
number of physical drives by the common physical drive siZe 
and dividing by the maximum number of virtual drives. 

22. The one or more storage media as recited in claim 18, 
Wherein the step of determining a number of Stripe Sets 
comprises selecting the number of Stripe Sets to yield the 
smallest number of physical drives per Stripe Set greater than 
one. 

23. The one or more storage media as recited in claim 22, 
Wherein the computer program further causes the one or more 
processors to perform the step of computing a Stripe Set siZe 
for each Stripe Set by multiplying the common physical drive 
siZe by the integer number of physical drives in each Stripe 
Set. 

24. The processor as recited in claim 18, Wherein the step of 
mapping each virtual drive to one or more Stripe Sets com 
prises: 

(l) mapping a ?rst virtual drive to a Stripe Set; 
(2) computing a remaining space in the Stripe Set; 
(3) as long as the remaining space in the Stripe SetZVsiZe, 
mapping a next virtual drive to the Stripe Set, computing 
a neW remaining space in Stripe Set, and repeating step 
(3); 

(4) When the remaining space in the Stripe Set<VsiZe, 
mapping the portion of the next virtual drive equal to the 
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remaining space in the Stripe Set to the Stripe Set, and 
mapping a remaining portion of the next virtual drive to 
a next Stripe Set; and 

(5) repeating steps (2) through (4) until a last virtual drive 
has been mapped to a last Stripe Set. 

25. The one or more storage media as recited in claim 18, 
Wherein the computer program further causes the one or more 
processors to perform the step of validating the mapping to 
determine if any con?guration assumptions have been vio 
lated by: 

discovering a number of installed physical drives; and 
verifying that the number of installed physical drives is a 

multiple of the number of physical drives in a Stripe Set. 
26. The one or more storage media as recited in claim 18, 

Wherein the computer program further causes the one or more 
processors to automatically re-map the physical drives to the 
virtual drives When drives or servers are added or removed. 

27. The one or more storage media as recited in claim 18, 
Wherein the storage system is a mirrored con?guration. 

28. The one or more storage media as recited in claim 18, 
Wherein When the storage system includes one or more serv 
ers, the computer program further causes the one or more 
processors to perform the step of assigning one virtual drive 
per server. 

29. A method for automatically mapping a set of physical 
drives to a larger number of virtual drives in a storage system, 
given a maximum number of physical drives and virtual 
drives in the system, comprising: 

determining a common physical drive siZe for all physical 
drives; 

determining a common virtual drive siZe for all virtual 
drives; 

determining a number of Stripe Sets, each Stripe Set hav 
ing an integer number of physical drives; and 

mapping each virtual drive to one or more Stripe Sets. 

30. The method as recited in claim 29, Wherein the step of 
determining a common physical drive siZe for all physical 
drives comprises discovering the siZe of all installed physical 
drives and utiliZing the smallest discovered siZe as the com 
mon physical drive siZe. 

31. The method as recited in claim 30, Wherein the step of 
determining a common physical drive siZe for all physical 
drives comprises querying each installed physical drive for its 
capacity. 

32. The method as recited in claim 29, Wherein the step of 
determining a common virtual drive siZe for all virtual drives 
comprises multiplying the maximum number of physical 
drives by the common physical drive siZe and dividing by the 
maximum number of virtual drives. 

33. The method as recited in claim 29, Wherein the step of 
determining a number of Stripe Sets comprises selecting the 
number of Stripe Sets to yieldthe smallest number of physical 
drives per Stripe Set greater than one. 

34. The method as recited in claim 33, further comprising 
computing a Stripe Set siZe for each Stripe Set by multiplying 
the common physical drive siZe by the integer number of 
physical drives in each Stripe Set. 

35. The method as recited in claim 29, Wherein the step of 
mapping each virtual drive to one or more Stripe Sets com 
prises: 

(l) mapping a ?rst virtual drive to a Stripe Set; 
(2) computing a remaining space in the Stripe Set; 
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(3) as long as the remaining space in the Stripe SetZVsiZe, 
mapping a next virtual drive to the Stripe Set, computing 
a neW remaining space in Stripe Set, and repeating step 
(3); 

(4) When the remaining space in the Stripe Set<VsiZe, 
mapping the portion of the next virtual drive equal to the 
remaining space in the Stripe Set to the Stripe Set, and 
mapping a remaining portion of the next virtual drive to 
a next Stripe Set; and 

(5) repeating steps (2) through (4) until a last virtual drive 
has been mapped to a last Stripe Set. 

36. The method as recited in claim 29, further comprising 
performing the step of validating the mapping to determine if 
any con?guration assumptions have been violated by: 
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discovering a number of installed physical drives; and 
verifying that the number of installed physical drives is a 

multiple of the number of physical drives in a Stripe Set. 
37. The method as recited in claim 29, further comprising 

automatically re-mapping the physical drives to the virtual 
drives When drives or servers are added or removed. 

38. The method as recited in claim 29, Wherein the storage 
system is a mirrored con?guration. 

39. The method as recited in claim 28, Wherein When the 
storage system includes one or more servers, the method 
further comprises performing the step of assigning one virtual 
drive per server. 


