
||l||||||||l|| 
(19) United States 
(12) Patent Application Publica 

DeCenZo et al. 

US 20050228943A1 

tiOIl (10) Pub. N0.: US 2005/0228943 A1 
(43) Pub. Date: Oct. 13, 2005 

(54) MULTIPATH REDUNDANT STORAGE 
SYSTEM ARCHITECTURE AND METHOD 

(76) Inventors: David Peter DeCenzo, Pueblo, CO 
(US); William A. Pagano, Colorado 
Springs, CO (US); Stephen J. Sicola, 
Monument, CO (US) 

Correspondence Address: 
David K. Lucente 
Seagate Technology LLC 
Intellectual Property - COLZLGL 
389 Disc Drive 
Longmont, CO 80503 (US) 

Appl. N0.: 10/817,565 (21) 

(22) Filed: Apr. 2, 2004 

Publication Classi?cation 

Int. Cl.7 ................................................... .. G06F 12/00 

US. Cl. ............................................................ .. 711/114 
(51) 
(52) 

Host 

102 \ 

(57) ABSTRACT 

Disclosed is a storage system and method that provides 
multi-path bus and component interconnection and isolation 
in a data storage system. Aplurality of data storage devices 
in a removable assembly are connected to a fabric that is 
con?gurable to connect some or all of the data storage 
devices to a disc controller and con?gurable to isolate one or 
more data storage devices from the disc controller. Multiple 
controllers, fabrics, and interconnecting buses may be 
employed to provide redundancy in the event of a connector, 
bus, or controller failure. Computer program code operating 
in a host, interface controller, and/or disc controller con?g 
ures the fabric to isolate failed devices and may be employed 
to optimize data transfer rates. Data storage devices may be 
multi-ported. The fabric may comprise any device or devices 
capable of con?gurably interconnecting data storage devices 
to one or more controllers and may comprise multiplexers, 
cross point switches, port bypass controllers. Fabrics may 
also provide translation or conversion of one bus or interface 
format to another format. 

Single Ported 
Disc Storage 
System Architecture 
100 

Disc Array Disc Array 
Controller A Controller B 
104 106 

/ 

Disc Array Disc Array 
Controller A Controller B 

"A" Drive Bus A 108 \ KB" Drive Bus B 110 \ 
Array 112 Array 114 



Patent Application Publication Oct. 13, 2005 Sheet 1 0f 13 US 2005/0228943 A1 

Flg u re 1 
Single Ported 
Disc Storage 
System Architecture 

Host / 100 
102 

@ 
IE1 
IE1 
[E51 
l:l 

l]l]l] 10% 

Disc Array Disc Array 
Controller A Controller B 
104 106 

/ 

Disc Array Disc Array 
Controller A Controller B 

“A” Drive Bus “A" 1Q8 \ "B" Drive Bus “8" 110 \ 
Array 112 Array 114 

_____________________ ‘A .......... ._ 



Patent Application Publication Oct. 13, 2005 Sheet 2 0f 13 US 2005/0228943 A1 

Fig u re 2 
Dual Ported 
Disc Storage 
System 
Architecture 
200 

Host '/ 
202 

IE 
E 
E] 
[E5 
l:l 

/ l]lll]l][l1ll \ 

Disc Array Disc Array 
Controller A Controller B 
204 206 

Disc Array Disc Array 
Controller A Controller B 

Bus “A" 208 \ 210 Bus "B" 
/ 

\ 
212 Drive 

Array 



Patent Application Publication Oct. 13, 2005 Sheet 3 0f 13 US 2005/0228943 A1 

Figure 3 
Loop Storage 
System Architecture 

Host 300 
302 

/ 
IE 
IE 
El 
E5] 
I: 

/ [ll]|][llll]l] \ Disc Array 
Controller 
304 

/ 

Disc Array 4 
Controller 

Drive Bus 
Array 306 
308 _____________________________________________ __ / 



Patent Application Publication Oct. 13, 2005 Sheet 4 0f 13 US 2005/0228943 A1 

' Single Port Drive Switched 
u 4 Dual Bus Storage System 

400 

/ 
Host 
402 E 
\ IE 

E5 
[:l 

/ l][l]l]] [I \ 

Switch l Disc Array 
Control Disc Array .Cggtroller B 
408 Controller A 
\ 404 \ / 

switch Disc Array Disc Array 
Control Controller A Controller B 

Bus “A" 410 / 

Drive 414 \ / 424 
_ . Bus “B” 

8323229 /412 
Drive 416 \ l | I /426 

8323229 
Drive 418 \ l / 428 

$3232? 
Drive 420 \ I / 430 

8323229 
Drive 422 \ I / 432 

8323129 



Patent Application Publication Oct. 13, 2005 Sheet 5 0f 13 US 2005/0228943 A1 

- Dual Ported Drive Switched 
Flgu re 5 Bus 

Storage System 
Host 500 
502 / 
\ E 

[El 
E1 
% Disc Array Disc Array Disc Array 

I Controller A Controller B Controller B 
Switch |]l]|][| |] 504 506 508 
Control / l]l]|]l]l]l] \| 

l / / / 
\ l / 1/ / 7 

switch Disc Array Disc Array Disc Array_ 
C0mro| controner A Controller B Controller C 

Drive! 

Switching 516 
Unit 512 \ / 

Drive 514 / 518 / ' 
It n / Bus A 520 

o // / 
Drivel Bus “5" 522 / 
Switching 

' Bus “0" 524 / Unit 526 \ 



Patent Application Publication Oct. 13, 2005 Sheet 6 0f 13 US 2005/0228943 A1 

Flg u re 6 Loop Bypass 
Storage System 
Architecture 

Host 600 
602 / 
\ E 

El 
[El 
[E5] 
I: _ 

Switch DISC Controller 
Control I] I] 604 
606 / l]l][ll][l[ll] 

S 't h 
cowrltiol Disc Controller 

11 

Drive 608 Switch 618 \ 

Disc Drive 4 Switching 4 
Device 

Drive 610 Switch 620 Bus 
\ \ 630 

‘ . . 2 / 

Disc Drive ‘ sw'tch'ng 
> Device 

Drive 612 Switch 622 
\ \ 

Disc Drive Switching 4 
7 Device 

Drive 614 Switch 624 
\ \ 

Disc Drive ‘ Switching ‘ 
> Device 

Drive 616 Switch 626 
\ \ 

. . * Switching ~ 

Dlsc Drlve ‘ Device 



Patent Application Publication Oct. 13, 2005 Sheet 7 0f 13 US 2005/0228943 A1 

Figure 7 Loop Bypass 
Storage System 

Host Architecture 
702 700 
\ g / 

IE1 
IE5 
:1 

/ IJUUUUUU \I Disc Controller 
704 

Disc Controller 

A 

Drive > D 

706\ l ' ‘ 
Disc ~ Disc < 

Drive _ Drive \ Bus 
Drive ‘ 728 

708/ 
Drive 
710 I V P rtB 

\ Disk ~ Disc ‘ cgmmiigiss 
Drive Drive 

Drive 726 
712/ 

Drive D P0“ 

714\ _l ' Bypass 
Dlsc ~ Disc ‘ Controller 

Drive _ Drive 
Drive 
716/ 

Drive _ 

71s I ' 

\ Disc = Disc 4 

Drive . Drive 
Drive 
720/ 

Drive _ 

722 I ' 

\ Disc = Disc < 

Drive I Drive 
Drive 
724 / 



Patent Application Publication Oct. 13, 2005 Sheet 8 0f 13 US 2005/0228943 A1 

Flg u re 8 Dual Ported 
Loop Bypass 
Architecture 

Host _‘__ 800 

802 \ g / 
[E51 

Disc ‘2 Disc 
Controller Controller 

804 / f[|][|[| \' 805 

Disc Controller Disc Controller 

A ll 

Bus Bus 

/ 810 814 \ 

" Drlve 816 \ v 

‘ ‘ Disc Drive : ‘ 

Drive 818 \ 

port = ‘ Disc Drive : _ Port 

Bypass Bypass 

808 \ Drive 820 \ / 812 
Port 4 _ Port 

Bypass _ Disc Drive Bypass 
Controller ' Controller 

Drive 822 \ 

= ‘ Disc Drive 

Drive 824 \ 

Disc Drive 
V 

ll 



Patent Application Publication Oct. 13, 2005 Sheet 9 0f 13 US 2005/0228943 A1 

Figure 9 Loop Bypass 
Storage System 

-_- Architecture 

Q 900 
- Host 2“ 

Disc E51 - 
Controller 902 ‘:1 / DISC \ Controller 
904 1 lllllll 930 
/ / 1 mm] \| \ 

Disc Controller Disc Controller 

ii ll 

Drive 910 Drive 912 

L Disk = Disk = 

> Drive 7 Drive : 

Drive 914 Drive 916 

b I <— 
_ — Disk ‘ Disk = 

7 ~ Drive A Drive 

Bus 906 Drive 918 Drive 920 Bus 932 

POI‘! I_ . . ‘ 7 Port 

Bypass ‘ > ‘ Bypass 

Port Controller Controller Port 
Bypass Bypass 
Controller Drive 922 Drive 924 Controller 

908 \ > /934 
\ l— Disk ~ Disk = 

7 Drive > Drive 1 

Drive 926 Drive 928 
A \ _ 

l \ ' 
— Disk = Disk < 

Drive ~ Drive 
> V j 



Patent Application Publication Oct. 13, 2005 Sheet 10 0f 13 US 2005/0228943 A1 

Figure 1 0 Muiiipaih 
Redundant 
Storage System 

H°St % 1000 

100& El 
[E51 / 
1:! 

Host ] I] H [I Host 
BUS l‘A'’ / ][][|[]l][]|] \j BUS "B" 

1004 \ 1006 

Disc Array Disc Array 
Controller A Controller B 
1008 \ 1010 

Disc Array DISC Array / I 
Fabric controner A Controller B Fabric 
Bus "A" Bus "B" 

1012 \ 1014 

Fabric Fabric 
1018 

1016 \ V = / 

‘ Disc Drive > 

I / 

Drive 1020 

l ‘ Disc Drive ‘ _ 

_ / 

Drive 1022 

Fabric ‘ Disc Drive 4 Fabric 

/ 
Drive 1024 

‘ Disc Drive 4 _ 

_ / 

Drive 1026 

l 7 Disc Drive ‘ _ 

/ 
Drive 1028 



Patent Application Publication Oct. 13, 2005 Sheet 11 0f 13 US 2005/0228943 A1 

Flg U re 1 1 MuIti-path 
Redundant 
Storage System 

System Interface 1102 1 100 
System _)\_ System 

Interface BUS "A" 1 Bus "8" / 
Controller "A" 1 104 \ 1 106 |nterface 

1108 \ Controller “8" 
Interface Interface 1 1 10 
Controller Controller / 

Interface “A” “B” Interface 
Bus “A" l i Bus "5” 
1112 \ 1114 

Disc Array ,, ,, Disc Array 
ControllerA A Controller B 

1116 \ /1118 
\ Disc Array “ " Disc Array 

Controller A F6151 3% Controller B 
Fabric l / 1 Fabric 

"A" “B2! 
1122 1120 \ / 

Fabric f Fabric 
1124 1126 

\ = Disc ‘ / 

< Drive(s) > 

_ / 

Drlve Group 1132 

= Disc = 

_ Drives(s) 

_ / 

Dnve Group 1134 

Fabric ‘ ' B32228) : _ Fabric 

/ 
Drive Group 1136 

‘ Disc 

‘Drive(s) 
_ / 

Dnve Group 1138 

Disc 

Drives(s) 
_ / 

Dnve Group 1140 

II 



Patent Application Publication Oct. 13, 2005 Sheet 12 0f 13 US 2005/0228943 A1 

Figure 12 Multi-path 
Redundant 
Storage System 
Power Distribution 
1200 

/ 

Connector 1202 \ 

Power Connector(s) 

_ |||| ii 
_ 

Cw. Cw. "Cw, 
2 6m 6m _mm 

_ 

n_ l l l l l l 1 l l l II S \ s \ S e e 

1 w _III II. 

n r2 r2 r2 

8 

m 1...‘ 

a | | "1" Wm m m _m" 

_t 

02 n n I - _ n" 

P1 0 O _O_ 

| C | \ C | _C_ 

O o . _ 

m4. .._U8 “2" _ 

2 |||| 1|. 

n2 n "3 _ O2 O2 O2 _ C1 C1 C1 _ 

_ _ 

|||||||||||| i1. 

i | | | | | | | | | ||_ 

r r llll ir. 11111 l" 

m m m u 

.l I ll _ 

u u U6 

e2 e2 e2 i||r||_ 
| I _| 

/ av“. / am I I/_am mu mu "mu L9 L9 _|_g Dam hm _ m 

_ _ _ 

_ 2 if n n _ r 

i - H .Cd 

.n6 b .HO b t4_Dn 
% a .b; % m1“ @ 

F1 F F1 on 



'—_____ 1302\ ' 

Patent Application Publication Oct. 13, 2005 Sheet 13 0f 13 

Figure 13 

Error Condition N0 
Detected? Yes 

Yes 

1304\ v 1318\ 
Check Interface Check Disc 
Controller “A” Controller "A" 
Access on Access on 

System Bus “A" Interface Bus “A" 

1306\ v 1320\ ‘V 
Check Interface Check Disc 
Controller “A” Controller “A” 
Access on Access on 

System Bus "B" Interface Bus “B” 

1308\ w 1322\ V 
Check Interface Check Disc 
Controller “8" ‘Controller “8" 
Access on Access on 

System Bus “A" Interface Bus "A" 

1310\ ‘ 1324\ 
Check Interface Check Disc 
Controller "B" Controller “B" 
Access on Access on 

System Bus “5" Interface Bus “B” 

1312\ v 1326\ v 
Report Error(s) Report Error(s) 

if any if any 

1314\ v 1328\ ‘V 
One Interface One Disc 
Controller — Controller 

Accessible? Yes Accessible? 
No No 

1316\ v 1330\ 
End End 

US 2005/0228943 A1 

System 
Con?guration 
Process 
1300 

1332\ v 1346\ v 

Check Fabric Disc(s) 
"A" Access on Accessible on 
Fabric Bus “A" Fabric “A” ? 

No 
1334\ ‘V 1348 Yes 

Check Fabric \ " 
“A" Access on Con?gure 
Fabric Bus "8” Fabrlc A 

1336\ v 1350\ ‘ V 

Check Fabric Disc(s) 
“8" Access on Accessible on 
Fabric Bus “A” Fabric "B" ’? 

No Yes 
1338\ v 1352 L 
Check Fabric \ ‘I 
"B" Access on Con?gure 
Fabric Bus "B" Fabflc B 

1340\ ‘ 1354\ v 
Report Error(s) Reconstruct 

‘f any Data And 
Remap I/Os 

1342\ v As Required 

One Fabric __ 

Accessible? Yes 

No 
1344\ ‘ 1356\ v F 

End Done 



US 2005/0228943 A1 

MULTIPATH REDUNDANT STORAGE SYSTEM 
ARCHITECTURE AND METHOD 

BACKGROUND OF THE INVENTION 

[0001] a. Field of the Invention 

[0002] The present invention pertains generally to data 
storage systems and more speci?cally to a system and 
method of interconnection of storage components in fault 
tolerant data storage systems. 

[0003] b. Description of the Background 

[0004] Data storage systems may comprise one or more 
disc drives connected to one or more disc controllers that are 

connected to a host or netWork interface. Each component of 
the storage system, such as disc drives, controllers, connec 
tors, and Wiring are a potential point of failure in the system. 
Some systems, such as personal computers, for eXample, 
may lose access to data in the event of a failure of a 
controller, bus, or connector. Access to data may require that 
a failed component be repaired or replaced or that a disc 
drive be installed in another system to access data. Failure 
of a disc drive usually results in loss of stored data. Larger 
storage systems may employ redundancy methods such as 
RAID to distribute data across a plurality of drives such that 
data is not lost in the event of a drive failure. In a RAID 
system, data from the failed drive may be copied from a 
mirror drive, or the data may be reconstructed from data and 
parity information on functioning drives. After the failure of 
a disc or disc controller, the system may often operate in a 
reduced performance condition until failed components are 
replaced or repaired. Failure of a bus may require removal 
of drives and installation of the drives in another ?xture or 
system in order to access data. 

[0005] The level of fault tolerance, storage capacity, oper 
ating life, and data availability are key contributors to the 
value of a storage system. Fault tolerance may be eXpressed 
in terms of the number of failures (both sequential and 
simultaneous) of discs, controllers, and buses that may be 
incurred While still maintaining data integrity and data 
access. Storage capacity re?ects the number of disc drives, 
capacity of each drive, and data encoding methods used. As 
the number of drives increases, the number of interconnec 
tions and likelihood of failure increases. Storage system 
operating life is re?ected in the longevity of components and 
level of fault tolerance of the system. Spare disc drives may 
be employed to store copied or reconstructed data to eXtend 
operation of the system after the failure of a disc drive. Data 
availability may be eXpressed in terms of data transfer rates, 
fault tolerance, and system performance folloWing failure of 
one or more components. 

[0006] The commercial viability of a storage system 
re?ects the architectural decisions and component selections 
made by the designer to provide a desired level of fault 
tolerance, storage capacity, operating life, and data avail 
ability. Components With very long MTBF (mean time 
betWeen failure) ratings may adversely affect system cost. 

SUMMARY OF THE INVENTION 

[0007] Embodiments of the present invention furnishes 
redundant storage system architectures and isolation meth 
ods that provide fault tolerance in data storage systems and 
that can be employed to eliminate single points of failure. 
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[0008] Embodiments of the present invention therefore 
can comprise a data storage system comprising: a multiple 
disc assembly containing a plurality of data storage devices 
disposed Within having at least one connector that provides 
a plurality of signals and that has at least one independent 
signal for each data storage device of the plurality of data 
storage devices; a multiple disc assembly receptacle adapted 
to receive the assembly having a ?xture connector that 
engages the at least one connector; at least one disc con 
troller; and at least one fabric that is con?gurable such that 
the fabric can selectively connect the at least one indepen 
dent signal for each data storage device of the plurality of 
data storage devices to the disc controller When in a ?rst 
con?guration and can selectively disconnect the at least one 
independent signal for each data storage device When the 
fabric is in another con?guration. 

[0009] Embodiments of the present invention can further 
comprise a multiple disc assembly comprising: a plurality of 
data storage devices disposed in the assembly; a connector 
that communicates signals. from the assembly to a ?Xture 
adapted to receive the assembly; and a fabric disposed in the 
assembly in communication With the connector that is 
con?gurable to selectively connect and disconnect at least 
one data storage device of the plurality of data storage 
devices to at least one signal of the connector. 

[0010] Embodiments of the present invention can further 
comprise a removable data storage assembly comprising: a 
plurality of data storage devices arranged as pairs disposed 
in the assembly, the assembly having at least tWo pairs of 
data storage devices; and a connector that provides eXternal 
communication for at least one independent signal for each 
pair of data storage device of the plurality of data storage 
devices. 

[0011] Embodiments of the present invention can further 
comprise a data storage system comprising: a multiple disc 
assembly containing a plurality of dual ported data storage 
devices and having at least one connector that communicates 
at least tWo independent signals to a ?Xture and having a ?rst 
fabric con?gurable to connect a ?rst port of each data 
storage device of the plurality of data storage devices to a 
?rst signal of the at least tWo independent signals and having 
a second fabric con?gurable to connect a second port of each 
data storage device of the plurality of data storage devices to 
a second signal of the at least tWo independent signals; a 
multiple disc assembly receptacle adapted to receive the 
assembly having a ?Xture connector that engages the at least 
one connector; and at least one disc controller that can 
access at least one data storage device of the plurality of data 
storage devices through the ?Xture connector. 

[0012] Embodiments of the present invention can further 
comprise a method of con?guring a data storage system 
having a multiple disc assembly containing a plurality of 
data storage devices installed in a multiple disc assembly 
receptacle and at least one fabric connected to the assembly, 
said method comprising: detecting an error in said data 
storage system; identifying one data storage device of the 
plurality of data storage devices contained in the assembly 
as being inoperative; and con?guring the at least one fabric 
to isolate the at least one data storage device. 

[0013] Embodiments of the present invention can addi 
tionally comprise a data storage system comprising: a mul 
tiple disc assembly containing a plurality of data storage 
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devices and having a connector that provides at least one 
separate signal line for each pair of data storage device of the 
plurality of data storage devices; a ?xture connected to a 
host system having a disc controller and fabric disposed 
Within, the ?xture having a multiple disc assembly recep 
tacle adapted to receive the assembly and communicate 
signals thereWith; and computer program operable to detect 
an error in the storage system and to identify an inoperative 
data storage device in the assembly and to con?gure the 
fabric to isolate the inoperative data storage device. 

[0014] Embodiments of the present invention can further 
yet comprise a data storage system comprising: a multiple 
disc assembly containing a plurality of data storage devices 
and at least one fabric that can be con?gured to connect and 
disconnect each data storage device of the plurality of data 
storage devices to at least one signal of a connector that 
communicates signals external to the assembly; a ?xture 
having a disc controller disposed Within and having a 
multiple disc assembly receptacle adapted to receive the 
assembly and communicate thereWith; and computer pro 
gram code that detects an error in the storage system and 
identi?es an inoperative data storage device in the assembly 
and that con?gures the at least one fabric to isolate the 
inoperative data storage device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] In the draWings, 

[0016] FIG. 1 depicts a single-ported disc storage system 
architecture. 

[0017] FIG. 2 depicts a dual-ported disc storage system 
architecture. 

[0018] 
[0019] FIG. 4 depicts a storage system architecture 
employing sWitched single-ported disc drives. 

[0020] FIG. 5 depicts a storage system architecture 
employing sWitched dual-ported disc drives. 

[0021] FIG. 6 depicts a loop bypass storage system archi 
tecture embodiment. 

FIG. 3 depicts a loop storage system architecture. 

[0022] FIG. 7 depicts a loop bypass storage system With 
tWo drives connected to each bypass controller port. 

[0023] FIG. 8 depicts a loop bypass storage system With 
tWo dual ported drives connected to each port 

[0024] FIG. 9 depicts a loop bypass storage system With 
tWo dual ported drives connected to each port of a port 
bypass controller 

[0025] FIG. 10 depicts a multi-path redundant storage 
system. 

[0026] FIG. 11 depicts another multi-path redundant stor 
age system. 

[0027] FIG. 12 depicts multi-path redundant storage sys 
tem poWer distribution 

[0028] FIG. 13 depicts steps performed by system con 
?guration computer program code operating in a host and/or 
disc controller 
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DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT OF THE 

INVENTION 

[0029] Embodiments of the present invention provide 
redundant components and data paths, and isolation of 
points of failure Within a storage subsystem such that data 
access may be maintained folloWing failure of a bus or 
component. Failures may most frequently occur in connec 
tors and components With moving parts, such as disc drives, 
for example. In general, electronic components, such as 
integrated circuits, may exhibit a loWer rate of failure than 
connectors or disc drives. 

[0030] Embodiments of the present invention are appli 
cable to differing storage architectures including systems 
that employ arrays of single or multiple discs installed in 
cabinet ?xtures and systems that employ removably install 
able multiple disc assemblies. A multiple disc assembly is 
de?ned as a removably installable unit of a prede?ned siZe, 
shape and connector con?guration that can contain differing 
internal data storage devices, components and con?gura 
tions. In one embodiment, a multiple disc assembly may 
comprise a ?rst number of 31/z-inch discs While another 
embodiment may comprise a different number of 21/z-inch 
discs. Various multiple disc assembly embodiments may be 
installed into a single ?xture design. This alloWs a single 
?xture (cabinet, shelf, etc.) design to be used to produce 
systems of varying storage capacity, data rate, and process 
ing poWer. Multiple disc assembly embodiments may vary 
in complexity, ranging from units that contain only discs and 
connectors to units that comprise discs, one or more fabrics, 
one or more disc controllers, and one or more interface 

controllers. Multiple disc assembly embodiments may 
employ interfaces such as ?bre channel, for example, that 
alloW devices ranging from simple storage devices, to intel 
ligent disc and interface controllers to be used While 
employing the same connectors. Computer program code 
operating in a host or other system re?ects the complexity of 
the multiple disc assembly. Multiple disc assemblies may 
simplify storage system assembly and upgrade, and may 
reduce the likelihood of radio frequency emissions. A mul 
tiple disc assembly receptacle is de?ned as a receptacle in a 
shelf, rack, enclosure, or other ?xture into Which individual 
multiple disc assemblies that can vary in internal architec 
ture can be removably installed. Embodiments of the present 
invention may be employed to create storage systems 
Wherein a multiple disc assembly may be considered a 
“maintenance-free” storage appliance. Multiple disc assem 
bly embodiments may provide one or more spare drives, 
multiple buses and spare controller capacity such that it may 
operate for extended periods Without user intervention, even 
after failure of a bus, controller, and/or one or more disc 
drives. Embodiments of the preset invention may provide 
levels of fault tolerance suf?cient to provide high perfor 
mance operation after component failures. 

[0031] FIG. 1 depicts a single-ported disc storage system 
architecture. System 100 comprises host 102, disc array 
controller “A”104, disc array controller “B”106, bus 
“A”108, bus “B”110, “A” drive array 112, and “B” drive 
array 114. Drive arrays are depicted as having ?ve drives 
each. The discs in “A” drive array 112 and “B” drive array 
114 are single-ported in that they provide a single interface 
to either bus “A”108 or to bus “B”110. Disc controller 
“A”104 and disc controller “B”106 are connected to host 
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102 by one or more buses and are dual ported in that they 
each provide tWo disc drive bus interfaces. The interfaces of 
each disc array controller are con?gured such that either 
controller can support communications on both bus “A”108 
and bus “B”110, providing continued operation if either one 
of the controllers should fail. Depending on the number of 
disc drives in each array, and the data transfer rates for the 
drives in the arrays, the system may operate at a reduced data 
rate after the failure of one of the controllers. Failure of 
either bus “A”108 or bus “B”110, associated connectors, or 
corruption of bus signals by a connected component, com 
pletely inhibits any access to data stored in an array attached 
to the bus. As such bus “A”108, bus “B110, and any 
associated connectors and attached components that may 
corrupt the bus represent a single point of failure. Recovery 
of stored data requires that either the bus be repaired, or that 
disc drives be removed and installed in a ?xture With a 
functioning bus. In terms of data availability, the architec 
ture of FIG. 1 may provide reduced availability in the event 
of a controller failure, or a disc failure that does not affect the 
bus, and provides no data availability in the event of a bus 
failure, or failure of a disc or controller that affects the bus. 

[0032] FIG. 2 depicts a dual-ported disc storage system 
architecture. System 200 comprises host 202, disc array 
controller “A”204, disc array controller “B”206, bus 
“A”208, bus “B210, and “B” drive array 212. The discs in 
drive array 212 are dual-ported in that they each provide a 
single interface to both bus “A”208 and to bus “B”210. Disc 
controller “A”204 and disc controller “B”206 are connected 
to host 202 by at least one bus, and in the preferred 
embodiment, at least tWo buses. Disc controller “A”204 and 
disc controller “B”206 are dual-ported in that they each 
provide tWo disc drive bus interfaces. The interfaces of each 
disc array controller are con?gured such that either control 
ler can support communications on both bus “A”208 and bus 
“B”210, providing continued operation if either one of the 
controllers should fail. The dual-ported nature of array 212 
alloWs drives in the array to communicate With either disc 
array controller. In the event of a bus or controller failure, 
the system continues to provide data access. Access may be 
at a reduced rate depending on the transfer rate and number 
of drives in the array. Compared to the system of FIG. 1, the 
architecture depicted in FIG. 2 provides the bene?t of 
continued data availability after the failure of a bus, but at 
the increased cost of using dual-ported disc drives. The 
architectures of FIGS. 1 and 2 may be representative of 
systems using parallel or serial bus interfaces such as SCSI, 
serial SCSI, serial ATA, or ?bre channel, for eXample. 

[0033] FIG. 3 depicts a loop storage system architecture. 
System 300 comprises host 302, disc array controller 304, 
bus 306, and drive array 308. Disc array controller 304 is 
connected to host 302 by one or more buses. Bus 306 serially 
interconnects disc array controller 304 and each of the drives 
of drive array 308 in a loop. Disc array controller 304 and 
each drive of drive array 308 have on input port and an 
output port to connected to form the loop of bus 306. The 
system of FIG. 3 can continue to operate if a disc failure 
occurs that does not affect bus operation. The failure of the 
bus, controller, or a disc failure that interrupts bus operation 
results in loss of data availability, requiring repair of the bus, 
controller, or disc drive, or installation of drives in another 
?Xture to access data. 
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[0034] FIG. 4 depicts a storage system architecture 
employing sWitched single-ported disc drives. System 400 
comprises host 402, disc controller “A”404, disc controller 
“B”406, sWitch control 408, bus “A”410, bus “B”412, disc 
drives 414-422 and sWitching devices 424-432. Disc con 
troller “A”404 and disc controller “B”406 are connected to 
host 402 by one or more buses and are dual ported that that 
they each provide tWo disc drive buses. Bus “A”410 and bus 
“B”412 are connected to both disc controller “A”404 and 
disc controller “B”406. In an alternative embodiment (not 
depicted), tWo single port disc controllers can be used 
Wherein a ?rst disc controller provides communication on 
bus “A”410 and a second disc controller provides commu 
nications on bus “B”412. SWitching devices 424-432 are 
controlled by sWitch control 408 and independently connect 
drives 414-422 to bus “A”410 or bus “B”412. SWitching 
devices 424-432 may be any type of sWitching devices 
including but not limited to cross-point sWitches, port mul 
tipleXers and the like. SWitch control may comprise one or 
more buses that connect sWitching devices 424-432 to host 
402 and may comprise an 12C bus, RS232, or any other 
serial or parallel buses. Alternatively, sWitching devices may 
be controlled by disc controller “A”404, disc controller 
“B”406, or both. In another embodiment, sWitch control 
may employ bus “A”410 and/or bus “B”412. As such, 
sWitching devices may be controlled directly by host 402, by 
host 402 through disc controller “A”410 or disc controller 
“B”412, or may be controlled by disc controller “A”410 or 
disc controller “B”412. The architecture of FIG. 4 may 
employ a larger number of discs and sWitching devices than 
depicted. SWitching devices can be individually con?gured 
for each drive such that each drive employs either bus 
“A”410 or bus “B”412. This alloWs communication to be 
maintained in the event of a bus failure, and alloWs loads to 
be balanced betWeen buses. The architecture of FIG. 4 
provides continued operation in the event of a bus, disc, or 
controller failure. SWitching devices 424-432 may also 
alloW disc drives to be isolated from both buses. In the event 
of a disc failure, or a disc failure that corrupts bus operation, 
an associated sWitching device may be con?gured to dis 
connect the drive from both buses. The sWitching methods 
shoWn in FIG. 4 may be applied to dual ported drives Where 
each port of each drive may be selectively connected to bus 
“A”410, bus “B”412, or may be disconnected from both 
buses. Alternatively, a third bus may be employed to provide 
higher transfer rates in the event of a bus failure. 

[0035] FIG. 5 depicts a storage system architecture 
employing sWitched dual-ported disc drives. System 500 
comprises host 502, disc controller “A”504, disc controller 
“B”506, disc controller “C”508, sWitch control 510, bus 
“A”520, bus “B”522, bus “C524 and a plurality of drive/ 
sWitching units beginning With drive/sWitching unit 512 and 
ending With drive/sWitching unit 526. Embodiments are not 
limited to a speci?c number of drive/sWitching units. Drive/ 
sWitching unit 512 comprises dual ported drive 514, ?rst 
sWitching device 516 connected to a ?rst port of drive 514 
and second sWitching device 518 connected to a second port 
of drive 514. SWitching device 516 alloWs the ?rst port of 
drive 514 to be connected to bus “A”520, bus “B”522, or bus 
“C”524. Similarly, sWitching device 518 alloWs the second 
port of disc drive 514 to be connected to bus “A”520, bus 
“B”522, or bus “C”524. SWitching devices are controlled 
through sWitch control 510 Which may comprise control 
logic, a bus interface, such as 12C, for eXample, or other 
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circuitry that allows host 502 to control the function of each 
switching device. Alternatively, sWitch control 510 may be 
connected to one or more disc controllers or one or more 

buses. Disc controller “A”504, disc controller “B506, and 
disc controller “C”508 are connected to host 502 by one or 
more buses and are dual ported that that they each provide 
tWo disc drive buses. Buses 520-524 are each connected to 
tWo ports of different disc controllers of disc controllers 
504-508 in a manner such that all buses remain operational 
in the event of a failure of one disc controller that does not 
corrupt a bus. In another embodiment of the architecture of 
FIG. 5, sWitching devices connected to a ?rst port of each 
disc drive are controlled by a ?rst sWitch control and 
sWitching devices connected to the second port of each drive 
are connected to a second sWitch control. The ?rst and 
second sWitch controls can be controlled directly by the host, 
can be controlled by the host through one or more disc 
controllers connected to the sWitch controls, or can be 
controlled by one or more disc controllers. Switching 
devices may be employed to connect drive ports to one of 
the buses or may be employed to isolate the port from all 
buses. SWitching devices may comprise any devices con 
?gurable to provide the described function including 
sWitches, multiplexers, port controllers, cross-point 
sWitches, fabrics, etc. 

[0036] The architecture of FIG. 5 alloWs system operation 
to continue after the failure of one or more disc controllers, 
disc drives, or buses. Additionally, the architecture of FIG. 
5 alloWs data loads to be distributed among disc controllers 
and buses to optimiZe performance. Depending upon the 
number of disc drives, and the data rates of disc drives, the 
buses, and disc controllers, the architecture of FIG. 5 may 
provide near optimum performance folloWing the failure of 
a disc drive, bus, or disc controller. As such the above 
architecture may be employed in systems Where continued 
high performance is desired folloWing failure of a bus of disc 
controller. 

[0037] FIG. 6 depicts a loop-bypass storage system archi 
tecture. System 600 comprises host 602, disc controller 604, 
sWitch control 606, drives 608-616, sWitching devices 618 
626 and bus 630. Disc controller 604 is connected to host 
602 by one or more buses. Bus 630 serially connects disc 
controller 604 to each sWitching device of sWitching devices 
618-626 that each either serially connect an associated drive 
to bus 630 or bypass the drive. When all sWitching devices 
are enabled, all drives are serially connected. SWitching 
devices may be controlled by host 602 through sWitch 
controller 606 or by disc controller 604. The architecture 
depicted in FIG. 6 alloWs disc connections to be individu 
ally bypassed such that in the event of a disc failure, or a disc 
failure that affects bus operation, the failed drive may be 
bypassed and the system may continue to operate. SWitching 
devices 618-626 may be any type of devices capable of 
serially connecting or bypassing discs. SWitching devices 
618-626 and sWitch control 606 may be implemented as a 
single unit. SWitching devices 618-626 and sWitch control 
606 may comprise a port bypass controller. 

[0038] Loop bypass methods may be employed to isolate 
one or more drives. More than one drive may be connected 
to each port of a port bypass controller. FIG. 7 depicts a loop 
bypass storage system With tWo drives connected to each 
bypass controller port. System 700 comprises host 702, disc 
controller 704, disc drives 706-724, port bypass controller 
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726, and bus 728. Drives are arranged in pairs such that 
drives 706,708 are connected to a ?rst port of port bypass 
controller 726, drives 710,712 are connected to a second 
port, drives 714-716, are connected to another port, drives 
718,720 are connected to yet another port, and drives 
722,724 are connected to still another port. Bus 728 con 
nects disc controller 704 to port bypass controller 726. In an 
alternative embodiment, tWo buses may connect the disc 
controller and port bypass controller, providing redundancy 
in the event of a bus failure. Any or the ports of port bypass 
controller 726 may be con?gured to alloW signals to pass 
through the tWo drives connected to the port or to bypass the 
port, providing isolation in the event of a drive failure, or 
drive failure that corrupts the bus. While FIG. 7 depicts tWo 
drives connected to each port of port bypass controller 726, 
more than tWo drives may be connected Within the scope of 
the present invention. While FIG. 7 employs a port bypass 
controller, any devices and con?guration thereof that pro 
duce the described function may be employed. 

[0039] Loop bypass architectures may employ a plurality 
of drives connected to each port Wherein each drive is dual 
ported. FIG. 8 depicts a loop bypass storage system With 
tWo dual ported drives connected to each port. System 800 
comprises host 802, disc controller 804, disc controller 806, 
port bypass controller 808, bus 810, port bypass controller 
812, bus 814 and disc drives 816-824. Disc controller 804 
and disc controller 806 are each connected to host 802 by 
one or more buses. Disc controller 804 is connected to port 
bypass controller 808 through bus 810. Disc controller 806 
is connected to port bypass controller 812 through bus b. In 
an alternative embodiment, more than one bus may connect 
disc controller 804 to port bypass controller 808, and more 
than one bus may connect disc controller 806 to port bypass 
controller 812. In another embodiment, each disc controller 
may connect to both port bypass controllers. Disc drives 
816-814 are dual ported and each drive has a ?rst port 
connected to port bypass controller 808 and a second port 
connected to port bypass controller 812. As such, each disc 
drive may be individually con?gured to connect to a loop 
formed by bus 810 on one port, or bus 814 on the second 
port of the drive, or both buses. In the event of a drive 
failure, or drive failure that corrupts bus signals, the drive 
may be isolated through con?guration of port bypass con 
troller 808 or port bypass controller 812, or con?guration of 
both port bypass controllers. In the event of a disc controller, 
bus failure, connector failure, or port bypass controller 
failure, data from drives may be accessed using the func 
tioning disc controller, bus, or port bypass controller. 
[0040] TWo or more dual ported disc drives may be 
connected to each port of a port bypass controller. FIG. 9 
depicts a loop bypass storage system With tWo dual ported 
drives connected to each port of a port bypass controller. 
System 900 comprises host 902, disc controller 904, bus 
906, port bypass controller 908, disc drives 910-928, disc 
controller 930, bus 932, and port bypass controller 934. Disc 
controller 904 and disc controller 930 are connected to host 
902 by one or more buses. Disc controller 904 is connected 
to port bypass controller 908 through bus 906. Disc con 
troller 930 is connected to port bypass controller 934 
through bus 932. Disc drives 910-928 are dual ported and 
each drive has a ?rst port connected to port bypass controller 
908 and a second port connected to port bypass controller 
934. In an alternative embodiment, disc controller 904 is 
also connected to port bypass controller 934 and disc 
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controller 930 is also connected to port bypass controller 
908. Port bypass controllers 908 and 934 are individually 
con?gurable to provide a connection to a disc drive port or 
to bypass a connection to a disc drive, alloWing each disc 
drive to be isolated in the event or a drive failure or a failure 
that corrupts the port connection. Since disc drives are dual 
ported and tWo port bypass controllers are employed, the 
system of FIG. 9 provides continued operation in the event 
of a disc controller failure, bus failure, or disc drive failure. 

[0041] FIG. 10 depicts a multi-path redundant storage 
system. System 1000 comprises host 1002, host bus 
“A”1004, host bus “B”1006, disc controller “A”1008, disc 
controller “B”1010, fabric bus “A”1012, fabric bus 
“B”1014, fabric “A”1016, fabric “B”1018, and disc drives 
1020-1028. Disc controller “A”1008 and disc controller 
“B”1010 are both connected to host 1002 by host bus 
“A”1004 and host bus “B”1006. Drives 1020-1028 are each 
dual ported With a ?rst port connected to fabric “A 1016 and 
a second port connected to fabric “B”1018. Fabric “A”1016 
and fabric “B”1018 may include any and all sWitch types 
and sWitching methods including ?bre channel fabrics, 
sWitches, multiplexers, cross-point sWitches, port bypass 
sWitches, and the like. Fabrics may have address mapped 
controls and may be controlled by host 1002 through either 
disc controller “A”1008 or disc controller “B”1010. Alter 
natively, a separate bus, or buses (not depicted), such as I2C, 
for eXample, may provide transfer of control and con?gu 
ration information from host 1002 to fabric “A”1016 and 
fabric “B”1018. Further, fabric “A”1016 and fabric “B”1018 
may be controlled and con?gured Wholly or in part by disc 
controller “A”1008 and/or disc controller “B”1010. Con 
?guration and control tasks may be shared betWeen host 
1002 and disc controller “A”1008 and/or disc controller 
“B”1010. 

[0042] FIG. 11 depicts another multi-path redundant stor 
age system. System 1000 comprises system interface 1102, 
system bus “A”1104, system bus “B”1106, interface con 
troller “A”1108, interface controller “B”1110, interface bus 
“A”1112, interface bus “B”1114, disc controller “A”1116, 
disc controller “B”1118, fabric bus “A”1120, fabric bus 
“B”1122, fabric “A”1124, fabric “B”1126, fabric control bus 
“A”1128, fabric control bus “B”1130, and drive groups 
1132-1140. Interface controller “A”1108 and interface con 
troller “B”1110 connect to a system through system bus 
“A”1104 and system bus “B”1106. The tWo system buses 
provide redundant communication paths, alloWing contin 
ued communication With both interface controllers in the 
vent that one of the system buses fails. Interface controller 
“A”1108 and interface controller “B”1110 connect to disc 
controller “A”1116 and disc controller “B”1118 through 
interface bus “A”1112 and interface bus “B”1114 that alloW 
continued communication betWeen either interface control 
ler and either disc controller in the event that one of the 
interface buses fails. Disc controller “A”1116 and disc 
controller “B”1118 are connected to fabric “A”1124 and 
fabric “B”1126 through fabric bus “A”1120 and fabric bus 
“B”1122, providing continued communication betWeen 
either disc controller and either fabric in the event that one 
of the fabric buses fails. Fabric control bus “A”1128 and 
fabric control bus “B”1130 provide redundant control paths 
from interface controller “A”1108 and interface controller 
“B”1110 to fabric “A”1124 and fabric “B”1126 and alloW 
con?guration of either fabric by either interface controller in 
the event that either fabric control bus fails. Fabric “A”1124 
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is connected to each drive group of drive groups 1132-1140 
by separate connection. A drive group comprises one or 
more drives connected to a fabric by one connection. Drives 
in the drive groups are dual ported. Fabric “B”1126 is 
connected to each drive group of groups 1132-1140 by 
separate connection. Fabric “A”1124 connects to one port of 
the dual ported drive or drives comprising each drive group 
and fabric “B”1126 connects to a second port of the dual 
ported drive or drives comprising each group. The duality of 
system buses, interface buses, fabric buses, fabric control 
buses, and drive group connections provides isolation or a 
redundant path for every data path in the system. The duality 
of interface controllers, disc controllers, and fabrics, in 
conjunction With the duality of buses, provides continued 
operation in the event of a failure of an interface controller, 
disc controller, or fabric. As such the system depicted in 
FIG. 11 has no single point of failure relative to buses, 
controllers, or fabrics. 

[0043] In addition to buses, connectors, disc drives, fab 
rics and controllers, isolation and redundancy methods may 
further applied to poWer distribution in a storage system 
such that the system has no single point of failure that might 
render the system inoperative. FIG. 12 depicts multi-path 
redundant storage system poWer distribution. PoWer is sup 
plied to the system through connector 1202. Alternatively, 
more than one connector may be employed. More than 
contact pin Within a connector may provide a like voltage, 
providing a duality of paths in the event that one pin fails to 
make connection or has higher than desired resistance. 
PoWer bus “A”1204 provides poWer to local regulator 1208, 
local regulator 1212, and optionally may provide poWer to 
one or more additional local regulators as indicated by local 
regulator 1216. Local regulator 1208 provides poWer to 
fabric “A”1206. Local regulator 1212 provides poWer to 
fabric “B”1210. Optional regulator 1216 may provide poWer 
to disc controller 1214. Other local regulator (not depicted) 
may provide poWer to additional disc controllers and to 
interface controllers, discrete circuitry, or other circuitry 
such as environmental monitors, for eXample. Local regu 
lators may be employed to provide poWer regulated to a 
desired voltage to components such as integrated circuits 
that consume relatively loW poWer as compared to disc 
drives. Systems having redundant interface controllers, disc 
controllers, and fabrics may employ local regulators for each 
component, providing continued system operation in the 
event that a single regulator fails since the redundant com 
ponent may be employed to access data. Connector 1202 of 
FIG. 12 also provides one or more pins connected to poWer 
bus “B”1218. PoWer bus “B”1218 provides poWer to voltage 
regulators 1220 and 1222. Regulators 1220 and 1222 are 
connected in a manner that alloWs poWer to be provided by 
either regulator and may include isolation circuitry such as 
diodes or other components. Alternatively, regulators 1220 
and 1222 may include input signals that may enable or 
disable each regulator. Regulators may be controlled by 
Writeable registers, 12C buses, or other signal lines. Voltage 
regulators 1220 and 1222 provide regulated poWer to control 
1224, control 1228, and optionally to one or more additional 
controls as indicated by control 1232. Control 1224 controls 
poWer to disc group 1226. Control 1228 controls poWer to 
disc group 1230. Control 1232 provides poWer to disc group 
1234. Additional control units (not depicted) may control 
poWer to additional disc groups, or to other components such 
as environmental monitors, fans, or other components. Con 
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trols 1224, 1228, 1232 and other controls may comprise 
switches, fuses, breakers, transistors (including ?eld effect 
transistors, SCRs (silicon controlled recti?ers) or any other 
devices employed to selectively apply poWer to a disc group 
or other components. Controls may include current and/or 
voltage sensing and may operate in an automatic manner or 
in response to a control signal. FIG. 12 illustrates that 
methods of poWer redundancy and isolation may be applied 
to data storage system components such that data remains 
available folloWing the failure of a regulator, and that poWer 
to one or more disc drives in a group containing a failed 
drive may be shut off to conserve poWer in the system or to 
isolate components draWing excessive poWer. As previously 
noted, data from a failed drive or drive group may be copied 
or reconstructed and saved using spare capacity of function 
ing drives. As such, embodiments of the present invention 
can provide a data storage system that has no single point of 
failure that Would result in data loss. 

[0044] The foregoing ?gures have included sWitches, 
sWitching devices, port bypass sWitches, and fabrics to 
provide a con?gurable connection betWeen data storage 
devices and disc controllers. The term fabric shall refer to 
any type of device that can provide a con?gurable connec 
tion betWeen data storage devices and disc controllers and 
shall include ?bre channel fabrics, sWitches, cross-point 
sWitches, multiplexers, port bypass controllers and other 
devices. Afabric may replace the depicted sWitches, sWitch 
ing devices, or port bypass controllers in the ?gures. 

[0045] Embodiments of the present invention can be 
advantageously employed With a multiple disc assembly 
(MDA) that comprises a plurality of storage devices and that 
is inserted into or removed from a cabinet or other ?xture as 

a single unit. The MDA may contain storage devices, may 
contain storage devices and fabrics, may contain storage 
devices, fabrics and disc controllers, or may contain data 
storage devices, fabrics, disc controllers and interface con 
trollers. In other Words, embodiments of the present inven 
tion as exempli?ed by the ?gures may be partitioned 
betWeen components that are disposed in an MDA and 
components that are disposed in a cabinet, shelf or other 
?xture. Such partitioning may re?ect MDA siZe, number of 
connectors, interface types, drive strength of bus signals, 
and other factors. In some embodiments, an MDA may 
employ transversely mounted storage devices Where the 
devices are mounted With the longest axis of the body of at 
least one storage device orthogonal to the direction of 
insertion of the MDA into a cabinet, shelf or other ?xture. 
These embodiments alloW connectors of storage devices, 
such as disc drives, for example, to directly engage connec 
tors disposed on a backplane, eliminating intermediate con 
nectors, cables and the like and the additional possible points 
of failure introduced by intermediate connections. 

[0046] Computer program code operating in a host system 
and/or one or more interface controllers, and/or one or more 
disc controllers is employed to con?gure fabrics of the 
present invention. Fabrics may be controlled by computer 
program code operating in one or more host computers. 
Such program code may include performance monitoring 
and load balancing functions. Con?guration of fabrics may 
be performed as a result of a detected failure, or in response 
to other conditions including load, data type, data siZe, data 
storage format, desired response time, etc. as may re?ect 
services provided such as transaction processing, or video 
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streaming, for example. One or more disc controllers may 
control fabrics. Computer program code operating in a disc 
controller may con?gure fabrics in response to a failure or 
other condition. Con?guration of fabrics may be shared 
betWeen one or more host computers and one or more disc 

controllers. As previously noted, sWitch control may employ 
one or more control buses, such as I2C, may employ one or 
more disc buses, or both. Fabrics may be mapped as a device 
on one or more disc array buses and control signals for one 
or more fabrics may be conveyed across the disc array bus 
or buses. Some of the ?gures depict a separate sWitch control 
block. In some embodiments the sWitch control block may 
be a part of the fabric. 

[0047] FIG. 13 depicts steps performed by system con 
?guration computer program code operating in a host and/or 
disc controller. The process of FIG. 13 is applicable to 
systems like that shoWn in FIGS. 10 and/or 11. Process 1300 
begins at step 1302 Where a check is performed to determine 
if an error condition exists. An error condition may comprise 
an error such as a read or Write error, for example, detected 

by a disc drive, disc controller, or host system. If the error 
is detected by a disc drive, the error may be reported to a disc 
controller and may be checked by a disc controller and/or 
may be forWarded to a host system. If a disc controller 
detects an error, the error may be checked and/or may be 
forWarded to a host system. Alternatively, an error may be 
detected by a host system. At step 1304, a test may be 
performed to determine if the host can communicate With 
interface controller “A” using system bus “A”. At step 1306, 
a test may be performed to determine if the host can 
communicate With interface controller “A” using system bus 
“B”. At step 1308, a test may be performed to determine if 
the host can communicate With interface controller “B” 
using system bus “A”. At step 1310, a test may be performed 
to determine if the host can communicate With interface 
controller “B” using system bus “B”. Steps 1304-1310 
determine if a host or other system is able to communicate 
With interface controller “A and interface controller “B” 
using both system bus “A” and system bus “B”. At step 
1312, any errors detected in steps 1304-1310 are reported to 
a host or other system. At step 1314, a check is performed, 
such as revieWing reported errors, for example, to determine 
if the host or other system is able to communicate With at 
least one interface controller. If the host or other system is 
not able to communicate With at least one interface control 
ler, the process ends at step 1316. If the check performed at 
step 1314 determines that the host or other system is able to 
communicate With at least one interface controller, the 
process continues at step 1318 Where a test is performed to 
determine if disc controller “A” can be accessed using 
interface bus “A”. This test may comprise reading disc 
controller registers. At step 1320, a test is performed to 
determine if disc controller “A” can be accessed using 
interface bus “B”. At step 1322, a test is performed to 
determine if disc controller “B” can be accessed using 
interface bus “A”. At step 1324, a test is performed to 
determine if disc controller “B” can be accessed using 
interface bus “B”. At step 1326, any errors detected in steps 
1318-1324 are reported. At step 1326, test results are 
checked to determine if at least one disc controller can be 
accessed. If no disc controllers can be accessed, the process 
ends at step 1330. If at least one disc controller can be 
accessed, the process continues at step 1332 Where a test is 
performed to determine if fabric “A” can be accessed using 








