
(19) United States 
US 20020023195A1 

(12) Patent Application Publication (10) Pub. N0.: US 2002/0023195 A1 
OKADA (43) Pub. Date: Feb. 21, 2002 

(54) SWITCHING MECHANISM AND DISK (52) US. Cl. .......................... .. 711/114; 710/317; 710/62; 
ARRAY APPARATUS HAVING THE 711/151 
SWITCHING MECHANISM 

(76) Inventor: AKIHIKO OKADA, TOKYO (JP) (57) ABSTRACT 

Correspondence Address: 
MCGINN & GIBB, PLLC The present invention enables to obtain a data transfer at a 
8321 OLD COURTHOUSE ROAD high rate; at a reasonable cost; and With a high reliability. 
SUITE 200 
VIENNA, VA 22182-3817 (US) The disk array system according to the present invention 

includes: a plurality of arrayed disk apparatuses 8a to 8f for 
( * ) NOIiCeI This' is a PHEHCQUOH Of a Continued PTOS- Writing/reading a data; a plurality of array controllers 2a, 2b 

ecutlon apphcatlon (CPA) ?led under 37 for controlling Writing/reading a data to/from the disk appa 
CFR 1~53(d)~ ratuses 8a to 8f according to an instruction from a host 

_ computer; and a sWitching mechanism 1 connected to each 
(21) Appl' NO" 09/256’290 of the disk apparatuses 8a to 8}”, for establishing an exclusive 
22 Fl (12 F b_ 2 4 1999 connection betWeen the array controllers 2a, 2b and the disk 

( ) 1 e e ’ apparatuses 8a to 8f. When one of the array controller 2a, 2b 

(30) Foreign Application Priority Data has acquired from the other array controllers 2a, 2b a control 
authority over all or one of the disk apparatuses 8a to 8f 

Feb. 27, 1998 (JP) ......................................... .. 10-047384 according to an instruction from a host Computer, the array 
controller having the control authority controls the sWitching 

Publication Classi?cation mechanism 1 to establish a connection betWeen the array 
controller and the disk apparatuses. Means for this connec 

(51) Int. Cl.7 ................................................... .. G06F 12/00 tion is also provided in the system. 

33 i 

’ ?/za é I /J2b 
FIRST ARRAY SECOND ARRAY 
CONTROLLER CONTROLLER 

§ 4 
3 1 -' 

/‘/5a 5b NSC N511 7 6a ff?b W6C N66. 
ITJ L L__] LJ L___l LI.) ' [.J 

I O \ \ \ i 

l C K K F ‘ 
= C K F i 

/ / 7 / ' V 

7a 7b 7c 7d 

8a 8b 8c 8d 



Patent Application Publication Feb. 21, 2002 Sheet 1 0f 9 US 2002/0023195 A1 

8% NM Si, Si, $8 2% 
_ 1N WNJ 

.L a“ [ S3 [ 3? .L 3% [ in? [ . A .... 1|" Ai. Al Al" A1“ wilwv 

v \j m _l_ _l_ M j j W _l_ _ 3 3 M N©4\ DL/MNW 

w , ..... .......... i ..... ...... e ...... .......... i ...... i 

l. I I, .HXL | 11 itm 1| 

moms ?mzlm “0mg M55528 .......................... in .......................... -. “55528 2%? @2005 EM? 5mm 
i _ w i _ m mm m 

H . U i m 



Patent Application Publication Feb. 21, 2002 Sheet 2 0f 9 US 2002/0023195 A1 

PIG.2 

N521 f/6a p/9a 

1/36 

'\\l\ 32” 7a 

821 

(B) 8a 



Patent Application Publication Feb. 21, 2002 Sheet 3 0f 9 US 2002/0023195 A1 

QUE 



Patent Application Publication Feb. 21, 2002 Sheet 4 0f 9 US 2002/0023195 A1 

FIG.4 

? 33 
2a l 2b l / § # 

FIRST ARRAY SECOND ARRAY CONTROLLER ? CONTROLLER 



Patent Application Publication Feb. 21, 2002 Sheet 5 0f 9 US 2002/0023195 Al 

F I G . 5 

SWITCH CRT w 4 

33 

3O” % ARRAY f 2b 
CONTROLLER 

,Za 
[V n | 

10 12 14 ‘ 
w w / 

CPU CACHE CACHE 
CONTROLLER MEMORY 

1 6 1 8 
/“ r/ 

ROM RAM 

F I G . 6 

,-10 
"I __ I 

ATA INTERFACE CONTROLLER ~/\2() 

SWITCH CRT CONTROLLER “~22 

TRANSFER CONTROLLER ~/‘24 

TROUBLE-SHOOTING CONTROLLER v26 1 



Patent Application Publication Feb. 21, 2002 Sheet 6 0f 9 US 2002/0023195 A1 

PIG.7 

I START ) 

COMMUNICATE WITH 
ANOTHER ARRAY wsl 
CONTROLLER FOR 
ACQUIRING HDD 

CONTROL 

S2 

ANOTHER 
ARRAY 

CONTROLLER HAS YES 
CONTROL 

AUTH?ORITY 
NO 

INDICATE TO SWITCH “KS3 
THE SWITCHING CRT 

ISSUE COMMAND $84 

$5 

NO RESPONSE 
FROM7 HDD 

' YES 

DATA TRANSFER “~37 RETRY7 OVER 
YES 

(NORMAL END) GEND WITH SWITCH) RT OR HDD ERROR 



Patent Application Publication Feb. 21, 2002 Sheet 7 0f 9 US 2002/0023195 Al 

F I G . 8 

3 
/ 

HOST COMPUTER 

\ 

2a 2b # / 
ARRAY <——_—> ARRAY 

CONTROLLER - CONTROLLER 

SWITCHING MECHANISM 

@%8 



Patent Application Publication Feb. 21, 2002 Sheet 8 0f 9 US 2002/0023195 Al 

F I G . 9 

3a 3b # /“ 
HOST COMPUTER HOST COMPUTER 

1 

2a 2b 
/ \ // 

ARRAY <-————-> ARRAY 
CONTROLLER - CONTROLLER 

SWITCHING MECHANISM 

we (I 



Patent Application Publication Feb. 21, 2002 Sheet 9 0f 9 US 2002/0023195 Al 

F I G . 1 0 

50a 50b 
_ ?/ __ __ f“ __ 

CACHE ‘ CACHE 
53a” MEMORY 53b” MEMORY 

51a 52a 51b 52b 
/“ 2 , /“ 2 

CACHE = ' CACHE = 
CPU CONTROLLER CPU CONTROLLER 

54a 54b /“ /" 
ARRAY CONTROLLER 1 ‘ ARRAY CONTROLLER 

jbj5..__ 
55a 55b 55C 55 558 55f 55 55h 55i 55] 

SSel SSeZ 55f1 

VG): {KI 
55(11 55d2 55gl 

@ 
SScl 55c2 55hl 

@ 
55b1 SSbZ 5511 

VGZE 413i 
VGZE E 

55211 55a2 5511 



US 2002/0023195 A1 

SWITCHING MECHANISM AND DISK ARRAY 
APPARATUS HAVING THE SWITCHING 

MECHANISM 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a disk array appa 
ratus and in particular, to a disk array apparatus including a 
disk apparatus of speci?cation alloWing only a single ini 
tiator. The present invention also relates to a sWitch circuit 
for selectively connecting such a disk apparatus to a disk 
controller. 

[0003] 2. Description of the Related Art 

[0004] Conventionally, a disk array system using a plu 
rality of magnetic disks has been used so as to increase the 
data transfer speed and to enable to restore a data even if a 
trouble has occurred. In a conventional disk array apparatus, 
the interface of the magnetic disk apparatuses is usually of 
SCSI speci?cation. In a magnetic disk apparatus of SCSI 
speci?cation can recogniZe a plurality of initiators through 
the arbitration function. Accordingly, in order to assure a 
reliability of the entire disk array apparatus, a plurality of 
array controllers are connected. In this case, each of the 
magnetic disk apparatuses can recogniZe the respective array 
controllers. 

[0005] HoWever, in case of the SCSI speci?cation, the 
apparatus itself has various functions and the magnetic disk 
apparatus becomes complicated, Which in turn makes the 
entire disk array system complicated. Furthermore, a mag 
netic disk of SCSI speci?cation can recogniZe a plurality of 
initiators. This requires a selection processing betWeen the 
initiator and a target. This selection processing loWers the 
bus ef?ciency and the entire data transfer speed. 

[0006] Moreover, the SCSI speci?cation is based on a 
general-purpose design concept and the apparatus itself has 
various functions, resulting in a high price. Furthermore, as 
shoWn in FIG. 10, if a data transfer is increased by inde 
pendent bus control Without sharing a bus, SCSI controllers 
55a to 55j for the magnetic disk apparatuses should be 
mounted on a control package 50a and 50b. This also results 
in increasing the cost of entire disk array apparatus. 

[0007] On the other hand, in case of a magnetic disk 
apparatus of the ATA speci?cation in Which the magnetic 
disk apparatus itself is not expensive, the magnetic disk 
apparatus itself alloWs only a single initiator and it is 
impossible to use a plurality of array controllers as the 
initiator. Accordingly, it is impossible to assure a suf?cient 
reliability of the disk array apparatus as a Whole. 

SUMMARY OF THE INVENTION 

[0008] It is therefore an object of the present invention to 
provide a disk array apparatus enabling a high data transfer 
rate at a reasonable cost With a high reliability as Well as a 
sWitch circuit used for the disk array apparatus. 

[0009] The present invention provides a disk array appa 
ratus that can enhance the aforementioned reliability even if 
a disk apparatus alloWs only a single initiator, and a sWitch 
circuit used for the disk array apparatus. 

[0010] The sWitching mechanism according to the present 
invention comprises: a plurality of array controller connec 
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tors connected to a ?rst signal line for a data transfer to/from 
a plurality of array controllers; a plurality of disk apparatus 
connectors connected to a second signal line for a data 
transfer to/from a disk apparatus in Which Writing/reading of 
the data is controlled by the array controllers; and a plurality 
of connection lines for connections betWeen the plurality of 
array controller connectors and the disk apparatus connec 
tors; a plurality of sWitch circuits provided on the connection 
lines for one-to-one connection betWeen the plurality of 
array controller connectors and the disk apparatus connec 
tors. 

[0011] The sWitching apparatus further comprises an array 
controller sWitching circuit provided in the sWitch circuits 
and upon reception a path sWitching signal from the array 
controllers, establishing a connection betWeen an array 
controller corresponding to the path sWitching signal and the 
disk apparatus connectors. 

[0012] It is preferable that each of the plurality of sWitch 
circuits be connected independently from one another to the 
disk apparatuses. 

[0013] The sWitching mechanism may further comprise a 
control line connector for connecting a control line for 
transmitting the path sWitching signal, to the sWitch circuits. 

[0014] The sWitch circuits may provide a ?rst operation 
state for connecting a ?rst one of the array controllers to the 
disk apparatuses and a second operation state for connecting 
a second one of the array controllers to the disk apparatuses. 

[0015] The sWitch circuits may provide a ?rst operation 
state for connecting a ?rst one of the array controllers to the 
disk apparatuses, a second operation state for connecting a 
second one of the array controllers to the disk apparatuses, 
and a third operation state for not connecting any one of the 
?rst and second array controllers to the disk apparatuses. 

[0016] The disk array apparatus according to the present 
invention comprises: a plurality of sWitching mechanisms as 
has been described above, each having an array controller 
connector; a plurality of disk apparatuses Which are con 
nected to the sWitch mechanisms on one-to-one principle; 
and a plurality of array controllers connected to the array 
controller connectors and in response to an instruction from 
a host computer, Writing or reading a data to/from the disk 
apparatuses. 

[0017] The array controller Which has acquired the control 
authority outputs the path sWitching signal to each of the 
plurality of sWitching mechanisms. 

[0018] According to another aspect of the invention, the 
array controller Which has acquired the control authority 
outputs signals identical to the path sWitching signal at once 
to the plurality of sWitching mechanisms. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] FIG. 1 is a block diagram shoWing a con?guration 
of a disk array apparatus according to an embodiment of the 
present invention. 

[0020] FIG. 2 shoWs a detailed con?guration of a sWitch 
circuit used in the disk array apparatus, FIG. 1. FIG. 2A 
shoWs the sWitch circuit in a ?rst operation state, FIG. 2B 
shoWs the sWitch circuit in a second operation state, and 
FIG. 2C shoWs the sWitch circuit in a third operation state. 
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[0021] FIG. 3 is a block diagram showing the switching 
mechanism of FIG. 1 When integrated into a simpli?ed 
con?guration. 

[0022] FIG. 4 is a block diagram shoWing a disk array 
apparatus using a single sWitch circuit. 

[0023] FIG. 5 is a block diagram shoWing a detailed 
con?guration of the array controller of FIG. 1. 

[0024] FIG. 6 is a block diagram shoWing a con?guration 
of each controller realiZed by the CPU of FIG. 5. 

[0025] FIG. 7 is a ?oWchart shoWing a control example by 
the con?guration of FIG. 1 and FIG. 5. 

[0026] FIG. 8 is a block diagram shoWing a con?guration 
of a computer system using a single host computer. 

[0027] FIG. 9 is a block diagram shoWing a con?guration 
of a computer system using a plurality of host computers. 

[0028] FIG. 10 is a block diagram shoWing a con?gura 
tion of a conventional disk array system. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0029] Description Will noW be directed to embodiments 
of the present invention With reference to the attached 
draWings. 

[0030] FIG. 1 is a block diagrams shoWing a con?guration 
of the disk array system according to the present invention. 
As shoWn in FIG. 1, the disk array system includes: a 
plurality of array controllers 2a, 2b for controlling a data 
Writing/reading to/from a disk apparatus according to an 
instruction from a host computer; a plurality of disk appa 
ratuses 8a to 8f for Writing/reading a data according to 
control from the array controllers 2a, 2b; and a sWitching 
mechanism connected to each of the plurality of disk appa 
ratuses 8a to 8f for exclusively sWitching betWeen the disk 
apparatuses and the plurality of array controllers 2a, 2b. 

[0031] When one of the array controllers 2a and 2b has 
obtained from the other array controller 2a or 2b a control 
authority of all or one of the disk apparatuses 8a to 8f 
according to an instruction from the host computer Which 
includes OS, driversoft and applicationsoft, the array con 
troller Which has obtained the control authority controls a 
sWitching mechanism 1 corresponding to the disk apparatus 
so as to connect the array controller to the disk apparatus. 
Each of the array controllers 2a and 2b has means for 
performing the aforementioned. 

[0032] That is, an array controller Which has acquired the 
disk apparatus control authority controls the sWitching 
mechanism 1 to connect the array controller to the disk 
apparatus. Accordingly, even When a disk apparatus has an 
interface that cannot recogniZe a plurality of initiators, it is 
possible to install a plurality of array controllers. Conse 
quently, for example, even When constituting a disk array 
using magnetic disk apparatuses of ATA speci?cation Which 
cannot recogniZe a plurality of initiators, it is possible to 
employ a plurality of array controllers depending on the 
purpose. Thus, the present embodiment can be applied to a 
plurality of disk apparatuses 8, for example, of the ATA 
speci?cation alloWing only one initiator. 
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[0033] Moreover, as shoWn in FIG. 1, the sWitching 
mechanism includes sWitch devices 4a to 4f, each connected 
to the corresponding disk apparatuses. Each of the sWitch 
devices 4a to 4f has at least three connectors. That is, each 
of the sWitch devices 4a to 4f has: an array control connector 
5a to 5f, 6a to 6f connected to ?rst signal lines 30a, 30b for 
data transmission/reception to/from the array controllers 2a, 
2b; and a corresponding disk apparatus connectors 7a to 7f 
for connection to a second signal line for data transmission/ 
reception to/from the disk apparatuses 8a to 8f. 

[0034] Referring to FIG. 2, the sWitch device 4a has 
connection lines 34, 35, 37 and a sWitch 11. The connection 
lines 34, 35, 37 serve for connection to the array controller 
connectors 2a, 2b and to the disk apparatus connector 5a, 6a 
With overlap. The sWitch 11 serves for one-to-one connec 
tion Without overlap betWeen the plurality of array controller 
connectors 2a, 2b provided on the connection lines 34, 35, 
37 and the disk apparatus connector 7a. When the sWitch 11 
receives a path sWitching signal from the array controller, 
the sWitch 11 connects the array controller connector 5a to 
the disk apparatus connector 7a (array controller sWitch 
means 11a). This sWitch 11, according to the path sWitching 
signal, forcibly sWitches betWeen the array controller con 
nectors 5a and 6a to be connected to the disk apparatus 
connector 7a. Accordingly, from the vieWpoint of the disk 
apparatus 8a, it looks like that a data transfer is performed 
With a single initiator. 

[0035] Moreover, in the example of FIG. 2, the sWitch 
device 4a has a control line connector 9a for connection to 
a control line 31 for transmitting the path sWitching signal. 
Accordingly, the path sWitching signal supplied by the array 
controllers 2a, 2b is supplied to the sWitch 11 via the control 
line 36 connected the control line 31 and the control line 
connector 9a. Furthermore, this path sWitching signal may 
also be supplied to the sWitch 11 via a normal data bus 30a, 
30b. 

[0036] The sWitch state may be in connection to one of the 
array controllers 2a and 2b or in not connection to either of 
them. That is, the sWitch may be in a ?rst operation state 
(FIG. 2A) for connecting the array controller 2a to the disk 
apparatus 8a or in a second operation state (FIG. 2B) for 
connecting the array controller 2b to the disk apparatus 8a. 
Moreover, according to another embodiment, the sWitch 11 
may have a third operation state for connecting none of the 
array controllers 2a and 2b to the disk apparatus 8a. If one 
of the array controllers is connected to the disk apparatus 
even When a path sWitching signal for this third operation 
state is supplied, it is decided that the sWitch 11 is abnormal. 

[0037] The path sWitching signal may be any signal that 
can be used for controlling the sWitching mechanism 1. For 
example, suppose the path sWitching signal is a signal for 
generating a pulse for each sWitching from one operation 
state to another. Moreover, as shoWn in FIG. 1, When tWo 
array controllers are used and there are tWo sWitching 
destinations With tWo operation states, it is possible to output 
high and loW signals depending on the sWitching destina 
tion. In this case, sWitching mechanism 1 serves as a selector 
for exclusively supplying a signal from one of the array 
controllers according to the high or loW path sWitching 
signal. Furthermore, it is possible to utiliZe a command for 
establishing a connection betWeen the array controller 2 and 
the disk apparatus 8 Without using a particular control line. 
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That is, the array controller Which has acquired the disk 
apparatus control authority by occupying the bus issues a 
command to the disk apparatus. This command can be used 
as a path sWitching signal for controlling the sWitch circuit. 

[0038] The sWitching mechanism 1 can have various con 
?gurations according to the con?gurations of the path 
sWitching signal. FIG. 2 shoWs a functional example, Which 
can actually be realiZed by a logical circuit. That is, it is 
possible to use a sWitching IC and a relay circuit for 
sWitching to a destination corresponding to a pulse input. 

[0039] Referring to again FIG. 1, each of the sWitch 
devices 4a to 4f is connected to a disk apparatus indepen 
dently from one another. Accordingly, in the example of 
FIG. 1, if the sWitch device 4a has failed, only the sWitch 
device 4a need to be replaced. 

[0040] Referring to FIG. 3, a single sWitch circuit 4 is 
used as the sWitching mechanism 1. When such a sWitch 
circuit is used, it is possible to reduce the space required for 
installing the sWitch circuit as Well as to reduce the produc 
tion cost of the sWitch circuit. 

[0041] Referring to FIG. 4, the sWitch circuit 4 is further 
simpli?ed. In this example, When connecting disk appara 
tuses as a daisy chain, it is suf?cient to provide one sWitch 
ing mechanism 1. In this example of FIG. 4, When one of the 
array controllers has failed, control can be passed to the 
other array controller, enabling to improve reliability of the 
disk array system. 

[0042] In the examples of FIG. 1 and FIG. 3, it is possible 
to select to the array controller 2a or 2b for each of the discs. 
Accordingly, the path sWitching signal from the array con 
troller is supplied separately to each of the sWitch circuits. 
In this case, a data transfer currently performed to a disk 
apparatus 8 is interrupted if the other array controller 2 
outputs a path sWitching signal to the sWitch circuit. To cope 
With this, in the examples of FIG. 1 and FIG. 3, assignment 
of the control authority of the disk apparatus 8 betWeen the 
array controllers is performed through a communication line 
33. The array controller 2 Which has acquired the disk 
control authority of a disk apparatus outputs a path sWitch 
ing signal to a sWitch circuit corresponding to the disk 
apparatus. When the sWitch circuit control is performed after 
the assignment of the control authority, it is possible to 
prevent a danger of erroneous sWitching of a sWitch circuit 
as Well as enable to easily sWitch betWeen the sWitch 
circuits. 

[0043] FIG. 1 shoWs an example of the control line 31 
connected to each of the sWitch devices involved in the 
sWitching mechanism 1. In FIG. 3, the control line 31 is 
omitted. Moreover, if there is no simultaneous access by the 
tWo array controllers to different disk apparatuses 8, the 
array controllers 2 may output an identical path sWitching 
signal to the plurality of sWitch devices at once. In this case, 
the control line 31 may be only one as shoWn in FIG. 3. 

[0044] Referring to FIG. 5, the array controller 2a 
includes: a CPU 10 for executing a program; a cache 
memory 14 for temporarily storing a data transferred 
betWeen the array controller and the disk apparatus; and a 
cache controller 12 for controlling the cache memory 14. 
Moreover, as shoWn in FIG. 10, the array controller may be 
a control package for performing a multiplication of speci?c 
data. 
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[0045] Furthermore, the array controller 2a is connected to 
the CPU 10 and includes a ROM 16 for storing a program 
and a data, and a RAM 18 serving as a Work area for 
execution of the program of the CPU 10. The cache memory 
14 may be an area allocated as a part of the RAM area. 

[0046] Referring to FIG. 6, the CPU 10 has functions as 
an ATA interface controller 20, a sWitch circuit controller 22, 
a transfer controller 24, and a trouble decision controller 26. 
In this example, the ROM 16 contains folloWing programs 
stored in advance: a program for controlling a disk apparatus 
according to the ATA interface; a program for producing a 
path sWitching signal to the sWitch circuit; a program for 
performing assignment of the control authority for data 
transfer and an actual data transfer; and a program for 
deciding Whether a disk apparatus and a sWitch circuit have 
an error. 

[0047] By providing the ATA interface controller 20 and 
the sWitch circuit controller 22, it is possible to control a disk 
apparatus of ATA interface even When accessed through an 
interface of the SCSI speci?cation from a host computer of 
the array controller 2. Accordingly, Without modifying the 
con?guration of the host computer side, it is possible to 
apply the disk apparatus according to the present embodi 
ment Which is cheap in cost. Moreover, the ATA interface 
controller 20 and the sWitch circuit controller 22 may be not 
a CPU executing a program but a logical circuit. The same 
applies to the other controllers. 

[0048] Referring to FIG. 1 again, the plurality of array 
controllers have the communication line 33 for connection 
betWeen the array controllers. The array controllers have 
means for performing a disk control authority acquisition 
processing using the communication line. This control 
authority acquisition processing is performed by the CPU 10 
shoWn in FIG. 5. 

[0049] Referring to FIG. 7, the array controller operates as 
folloWs. Upon reception of an access instruction from a host 
computer, the array controller uses the communication line 
3 to communicate With the other array controller so as to 
acquire a control authority of a physical disk apparatus (such 
as a hard disk drive) to be accessed (step S1). If the other 
array controller already has the control authority (YES in 
step S2), the array controller communicates again With the 
other controller about the control authority for the same 
instruction or can perform another instruction, changing the 
instruction order. 

[0050] On the other hand, if the other array controller has 
no control authority (NO in step S2), a path sWitching signal 
is supplied to a sWitch circuit 4 corresponding to the physical 
disk apparatus (step S3). After Waiting for the sWitching 
delay, a command of the ATA speci?cation is issued to the 
disk apparatus (step S4). If the disk apparatus 8 has made a 
response to this command (step S5), a data transfer is 
performed (step S7). If no response is obtained from the disk 
apparatus 8, retry is repeated a plurality of times or for a 
predetermined period of time, and it is checked Whether the 
retry has failed (step S6). 
[0051] Unless the retry has failed, the command is again 
issued. On the other hand, if no response is obtained for the 
retry, the sWitch circuit terminates the processing, deciding 
that the disk apparatus has an error. 

[0052] FIG. 8 shoWs a computer system having the afore 
mentioned sWitching mechanism. The computer system 
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includes: a host computer 3, a plurality of array controllers 
2 for controlling a data Writing/reading to/from disk appa 
ratuses 8 according to an instruction from the host computer 
3; a plurality of disk apparatuses 8 for a data Writing/reading 
according to control from the array controllers; a sWitching 
mechanism 1 connected to each of the plurality of disk 
apparatuses 8 and serves to exclusively sWitch the plurality 
of array controllers to the disk apparatuses. 

[0053] Referring to FIG. 8, one host computer is con 
nected to tWo array controllers. When controlling the disk 
array system (disk sub system) using this one host computer, 
the host computer has tWo host bus adapters (such as SCSI 
boards), Which are connected to the respective array con 
trollers 2. In this case, even if an error occurs in one of the 
host bus adapters, the other host bus adapter can control the 
disk sub system. Alternatively, it is possible to use a single 
host bus adapter for a daisy chain connection of the plurality 
of array controllers 2. 

[0054] In such a computer system, When an array control 
ler has failed, a processing is performed as folloWs for 
eXample. If an error has occurred in one 2a of the plurality 
of array controllers 2, the host computer passes control to the 
other array controller 2b. Furthermore, When control is 
passed to the array controller 2b, the array controller 2b 
acquires a control authority of the plurality of disk appara 
tuses and controls the sWitching mechanism to connect the 
array controller 2b to the plurality of disk apparatuses. 
Accordingly, even When using a disk apparatus that can 
recogniZe only one initiator, it is possible to provide a 
plurality of array controllers thereby to improve the reliabil 
ity of the entire computer system. 

[0055] In a computer system constituting a disk array, 
various countermeasures are taken so as to increase the 

reliability according to a purpose of the user. For eXample, 
FIG. 9 shoWs a computer system having tWo host comput 
ers, one of Which is set as a Wait system. Even if an error has 
occurred in the host computer, control is immediately 
sWitched to the Wait system, so that a data already accumu 
lated can be utiliZed. In this case, if each of the array 
controllers 2 is connected to the corresponding host com 
puter, the array controller 2 should be sWitched. Accord 
ingly, When sWitching is performed by communication 
betWeen the array controllers 2 or by communication 
betWeen the host computers, a path sWitching signal is 
transmitted to the sWitching mechanism 1. 

[0056] As has been described above, in the present 
embodiment, it is possible to use a magnetic disk apparatus 
of ATA speci?cation Which is cheap in cost, thus enabling to 
reduce the cost of the disk array apparatus itself. Further 
more, the cost can also be reduced because there is no need 
of providing an expensive SCSI controller on the control 
package. Moreover, because the sWitching mechanism is 
used, it is possible to use a plurality of array controllers for 
improving the reliability as a disk array apparatus even When 
utiliZing a magnetic disk apparatus of ATA speci?cation. 

[0057] The present invention has the aforementioned con 
?guration and functions as has been described above. When 
a path sWitching signal is received by a sWitch circuit, one 
of the array controller connectors is connected to the disk 
apparatus connector. Accordingly, even if the disk apparatus 
has a speci?cation for recogniZing only one initiator (array 
controller) such as an ATA disk, it is possible to use a 
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plurality of array controllers Which are sWitched from one to 
another. This enables to realiZe a disk array using compara 
tively cheap disk apparatuses With a plurality array control 
lers, enabling to improve the reliability. Furthermore, the 
sWitch circuit sWitches connection lines, so that an array 
controller is directly connected to a disk apparatus during a 
data transfer. This enables to perform a data transfer at a high 
speed. Moreover, the sWitch circuit sWitches connections 
betWeen disk apparatuses according to a path sWitching 
signal supplied from an array controller. Accordingly, When 
a SCSI command from a host computer is received by the 
array controller, the command can be modi?ed, for eXample, 
into an ATA command and a path sWitching signal thereby 
to control the disk apparatus and the sWitching mechanism. 
Thus, it is possible to provide a sWitching mechanism and a 
disk array system capable of utiliZing host computer 
resources for SCSI conventionally used Widely as Well as 
using a plurality of array controllers thereby to improve the 
reliability. 
[0058] The invention may be embodied in other speci?c 
forms Without departing from the spirit or essential charac 
teristic thereof. The present embodiments are therefore to be 
considered in all respects as illustrative and not restrictive, 
the scope of the invention being indicated by the appended 
claims rather than by the foregoing description and all 
changes Which come Within the meaning and range of 
equivalency of the claims are therefore intended to be 
embraced therein. 

[0059] The entire disclosure of Japanese Patent Applica 
tion No. 10-047384 (Filed on Feb. 27, 1998) including 
speci?cation, claims, draWings and summary are incorpo 
rated herein by reference in its entirety. 

What is claimed is: 
1. A sWitching mechanism for sWitching betWeen disk 

apparatuses in a disk array system, said mechanism com 
prising: 

a plurality of array controller connectors connected to a 
?rst signal line for a data transfer to/from a plurality of 
array controllers; 

a plurality of disk apparatus connectors connected to a 
second signal line for a data transfer to/from a disk 
apparatus in Which Writing/reading of said data is 
controlled by said array controllers; 

a plurality of connection lines for connections betWeen 
said plurality of array controller connectors and said 
disk apparatus connectors; 

a plurality of sWitch circuits provided on said connection 
lines for one-to-one connection betWeen said plurality 
of array controller connectors and said disk apparatus 
connectors; and 

an array controller sWitching circuit provided in said 
sWitch circuits and upon reception a path sWitching 
signal from said array controllers, establishing a con 
nection betWeen an array controller corresponding to 
said path sWitching signal and said disk apparatus 
connectors. 

2. AsWitching mechanism as claimed in claim 1, Wherein 
each of said plurality of sWitch circuits is connected inde 
pendently from one another to said disk apparatuses. 
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3. A switching mechanism as claimed in claim 1, said 
mechanism further comprising a control line connector for 
connecting a control line for transmitting said path sWitching 
signal, to said sWitch circuits. 

4. AsWitching mechanism as claimed in claim 1, Wherein 
said sWitch circuits may provide a ?rst operation state for 
connecting a ?rst one of said array controllers to said disk 
apparatuses and a second operation state for connecting a 
second one of said array controllers to said disk apparatuses. 

5. AsWitching mechanism as claimed in claim 1, Wherein 
said sWitch circuits may provide a ?rst operation state for 
connecting a ?rst one of said array controllers to said disk 
apparatuses, a second operation state for connecting a sec 
ond one of said array controllers to said disk apparatuses, 
and a third operation state for not connecting any one of said 
?rst and second array controllers to said disk apparatuses. 

6. A sWitching mechanism for sWitching betWeen disk 
apparatuses in a disk array system, said mechanism com 
prising: 

a plurality of array controller connectors connected to a 
?rst signal line for a data transfer to/from a plurality of 
array controllers; 

a plurality of disk apparatus connectors connected to a 
second signal line for a data transfer to/from a disk 
apparatus in Which Writing/reading of said data is 
controlled by said array controllers; 

a plurality of connection lines for connections betWeen 
said plurality of array controller connectors and said 
disk apparatus connectors; 

a plurality of sWitch means provided on said connection 
lines for one-to-one connection betWeen said plurality 
of array controller connectors and said disk apparatus 
connectors; and 

array controller sWitching means provided in said sWitch 
means and upon reception a path sWitching signal from 
said array controllers, establishing a connection 
betWeen an array controller corresponding to said path 
sWitching signal and said disk apparatus connectors. 

7. A disk array apparatus comprising: 

a plurality of sWitching mechanisms, each having an array 
controller connector; 

a plurality of disk apparatuses Which are connected to said 
sWitch mechanisms on one-to-one principle; and 

a plurality of array controllers connected to said array 
controller connectors and in response to an instruction 
from a host computer, Writing or reading a data to/from 
said disk apparatuses, 

Wherein said sWitching mechanisms includes: 

a plurality of array controller connectors connected to 
a ?rst signal line for a data transfer to/from a 
plurality of array controllers; 

a plurality of disk apparatus connectors connected to a 
second signal line for a data transfer to/from a disk 
apparatus in Which Writing/reading of said data is 
controlled by said array controllers; 

a plurality of connection lines for connections betWeen 
said plurality of array controller connectors and said 
disk apparatus connectors; 
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a plurality of sWitch circuits provided on said connec 
tion lines for one-to-one connection betWeen said 
plurality of array controller connectors and said disk 
apparatus connectors; and 

an array controller sWitching circuit provided in said 
sWitch circuits and upon reception a path sWitching 
signal from said array controllers, establishing a 
connection betWeen an array controller correspond 
ing to said path sWitching signal and said disk 
apparatus connectors, 

Wherein said array controllers, upon reception of a control 
authority of one of said disk apparatuses, outputs a path 
sWitching signal to a sWitching mechanism correspond 
ing to said disk apparatus. 

8. A disk array apparatus as claimed in claim 7, Wherein 
said array controller Which has acquired the control author 
ity outputs said path sWitching signal to each of said 
plurality of sWitching mechanisms. 

9. A disk array apparatus as claimed in claim 7, Wherein 
said array controller Which has acquired the control author 
ity outputs signals identical to said path sWitching signal at 
once to said plurality of sWitching mechanisms. 

10. A disk array apparatus as claimed in claim 7, Wherein 
said plurality of disk apparatuses have an interface alloWing 
only a single initiator. 

11. A disk array apparatus as claimed in claim 7, Wherein 
said plurality of disk apparatuses are magnetic disk appara 
tuses of the ATA speci?cation. 

12. A disk array apparatus comprising: 

a plurality of array controllers for controlling a data 
Writing/reading to/from disk apparatuses according to 
an instruction from a host computer; 

a plurality of disk apparatuses for Writing/reading said 
data according to control by said array controllers; and 

a sWitching mechanism connected to each of said plurality 
of disk apparatuses for exclusively sWitching betWeen 
said plurality of array controllers and said disk appa 
ratuses, 

Wherein said array controllers, upon reception of a control 
authority of a disk apparatuses according to an instruc 
tion from a host computer, controls a sWitch mecha 
nism corresponding to said disk apparatus for connec 
tion betWeen said array controller and said disk 
apparatus. 

13. A disk array apparatus as claimed in claim 12, said 
apparatus further comprising a communication line for con 
nection betWeen said array controllers, so that said array 
controllers perform a processing for acquiring said disk 
control authority through said communication line. 

14. Adisk array apparatus as claimed in claim 12, Wherein 
said array controllers cause said disk array apparatuses to: 

acquire said disk control authority; 

control said sWitching mechanism for sWitching the con 
nection betWeen said array controllers and said disk 
apparatuses; 

output a command to said sWitched disk apparatus; and 

decide that said sWitching mechanism or disk apparatus 
has failed if no response is obtained for said command. 
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15. Adisk array apparatus as claimed in claim 14, wherein 
said failure decision is performed using means for repeat 
edly transmitting said command and means for deciding that 
said sWitching mechanism or disk apparatus has failed if no 
response is obtained for said command transmitted repeat 
edly. 

16. Adisk array apparatus as claimed in claim 14, Wherein 
said failure decision is performed by using means for 
counting a time after transmission of said command and 
means for deciding that said sWitching mechanism or disk 
apparatus has failed if no response is received in a prede 
termined time after the transmission of said command. 

17. A computer system comprising: 

a host computer; 

a plurality of disk apparatuses for Writing and reading a 
data; 

a plurality of array controllers for controlling a data 
Writing/reading to/from said disk apparatuses accord 
ing to an instruction from said host computer; 

a sWitching mechanism connected to each of said disk 
apparatuses and exclusively sWitching one of said 
plurality of array controllers to said disk apparatuses; 
and 

an array controller sWitching circuit provided in said host 
computer and serving in such a Way that When one of 
said array controllers has failed, control is passed to 
another array controller, 
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said array controllers causing said computer system to: 

acquire a control authority of said disk apparatuses 
When sWitched by said array controller sWitching 
circuit. 

18. A computer system comprising: 

a host computer; 

a plurality of disk apparatuses for Writing and reading a 
data; 

a plurality of array controllers for controlling a data 
Writing/reading to/from said disk apparatuses accord 
ing to an instruction from said host computer; 

a sWitching mechanism connected to each of said disk 
apparatuses and exclusively sWitching one of said 
plurality of array controllers to said disk apparatuses; 
and 

an array controller sWitching circuit provided in said host 
computer and serving in such a Way that When one of 
said array controllers has failed, control is passed to 
another array controller, 

each of said array controllers including: means for acquir 
ing a control authority of said disk apparatuses When 
sWitched by said array controller sWitching circuit; and 
means for controlling said sWitching mechanism so as 
to said array controller to said disk apparatuses. 

* * * * * 


