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MULTL- PRQCESSOR SYSTENL'DISK CONTROLLER USI NG THE SAVE AND NONDI SRUPTI VE
MAI NTENANCE METHOD THEREOF BACKGROUND OF . THE | NVENTI ON The present
i nventionirelates to d multi- processor system and a program version-up
met hod therefor. Mre particularly, it relateg Lo a disk 5 controller
quprising"a mul ti - processor systemincluding -a plurality of processors and
a control programMuITi<PROCESSOR [SYSTEM; ©ISK CONTROZLER USINGOTHES SAME
system processing of a job may be efficiently conducted by dividing the
job 10 into a pluralit AN NONQUSRIRTI VE MATNTERGNCE] METEHOBN SHEREREof
application of the nmulti-processor system a disk controller of a
mul ti-processor configuration has been put into practice. Such a disk
controller is disclosed in JP-A-2-62623. In the disk controller 15
di scl osed i n JP- ABACB@BOUYND, OF o BHEUENVENTIONdIi ng or witing of data is
distributedly executed by a _processor which controls data transfer between
a disk controller The present invention relates to a multi-
processor system and a program version-up method
therefor. More particularly, it relates to a disk
5 controller comprising a multi~-processor system including
a plurality of processors and a control program version-
up method therefor.
| In the multi-processor system, processing of a
job may be efficiently conducted by dividing the job
10 into a plurality of processors for processing. As one
form of application of the multi-processor system, a
disk controller of a multi-processor configuration has
been put into practice. Such a disk controller is
disclosed in JP-A-2-62623. 1In the disk controller
15 disclosed in JP-A-2-62623, a job such as réading or
writing of data is distributedly executed by a processor
which controls. data transfer between a disk controller
and a host computer, and a processor which controls data
transfer between the disk controller and a disk drive.
20 Specifically, for example, data read from one disk drive
by one processor is transferred to the host computer by
another processor. Thus, the data transfer process
between the host computer and the disk controller and

the data transfer process between the disk drive and the

25 disk controller may be executed in parallel and .



and a hogt conputer, and a processor which controls data transfer between
the disk controller and a disk drlvé 20 Specifically, for exanple, data
read fromone disk drive by one prOCessor is transferred to the host
conput er by another processor. Thus the dat g transfer process between the
host conputer and the disk controlfer and the data transfer process between

the disk drive agfie & didta aaniisldrema@bdatreinbed in parallel and
-2- efficient data transfer mat be attained. SUMMARY OF THE | NVENTION I n

the disk controller of the milti-processor configuration as described
above, it is possible to stop 5 the processing by sone processors and
continue the dat SUMMARY @F IHE INVENTRON ot her processors to maintain
fault processors. However, in such a maintenance
In the disk controller of the multi-processor
céhfiguration aé described above, it is possible to stop
5 the processing by some processors and continue the data
transfer control by the other processors to maintain
fault processors. However, in such a maintenance
method, it is a premise that the processors which
distributedly process a job execute programs of the same

10 version. When the programs to be executed by the
respective processors are to be versioned up and the
maintenance is conducted in this manner, there occurs a
periodiin which the programs of different versions co-
exist and one job'may be shared by the processors which

15 execute the prograﬁs of different versions. 1In such a
case, there may be no assurance of consistent processing
of the job. As a result, when the versions of the
programs executed by the processors are to be versioned
up, the system has to be wholly stopped.

20 It is an object of the present invention to
solve the problem encountered in the prior art system.
and enable the maintenance processing such as the
version-up of the programs while continuing the
processing by the system.

25 - In order to achieve the above object, in the

multi~-processor system of the present invention, each

processor belongs to one of a plurality of logical



method, jt is a premi se that the processors which distributedly process a
job execute prograns of the same 10 version. Wen the prograns to be
executed by the respective processors are to be versioned up and the

mai nt enance is conducted in this manner, theme_occurs a period in which the
prograns of different versions co- exist and one job nay be shared by the

processors whi chelgst8¥8¢Ut hbhgyBtasl aRe10ted bf eNeBitete nYnestditteeh a
case, there nmay be no assurance 0f consistent processing of the job. As a

result, when themy@esifinwh@tht BRePaogtaIButeac pirodaey inke off @arssSits are to
be versioned up, the systemhas to be wholly stopped. 20 - 1t is

an obj ect of theapofgeprocegedirsobellongihyge tohanyr elllusnearsc dentparad ited he
prior art system and enabl e the mai ntenance processing such as the

versi on-up of thangragcaustedi restuicited mgdehdnpwbdehsithg i stinibntsdem
25 In order to achi-eve the above object, in the multi-processor
syst em of thé presegessingnpfoanecjekh among processors belonging to

different clusters is restricted.

In a maintenance method of the present
invention, in the multi-processor system described
above, the cluster mode is shifted from the cluster non-

10 restricted mode to the cluster restricted mode and a

| cluster is selected from the plurality of clusters. The

acceptance of a new job in the selected cluster is
inhibited and the maintenance processing such.as the
version-up of the program of ﬁhe whole processors in the

15 selected cluster is conducted and the acceptance and
processing of a new job among processors in the selected
clusters is permitted again. The selection of the
cluster and the maintenance processing are effected
sequentially for each of the clusters, and after the

20 maintenance processing has been completed for the
processors of all clusters, the cluster mode is returned
to the cluster non-restricted mode. During the
maintenance of the processors in the selected cluster;
the processors in the non-selected clusters are

25 restricted to execute the processing of the job in the
cluster restricted mode. In this manner, even if the
processing of the job is continued by the processors

which are not to be maintained during the maintenance of



processosr belongs to one of a plurality of |ogical -3- clusters. The
systemincludes a cluster non-restricted node in which the distributed
processi ng of one job anbng processors belonging to any clusters is
permtted, and a cluster restricted node invhich the distributed 5
processi ng of one job anobng processors belonging to different clusters is

restricted. In aymi Fyetune sutt M tHe Verdiabaip o ViEné i progidm} hehe

mul ti - processor system described above, the cluster node is shifted from

the cluster non- di®trddiutiedd groosbsing tdie tHeisjebs besthe gheograne afid a

cluster. is selected fromthe plurality of clusters. The acceptance of a new

job in the sel ecddd fenestteversiians maye dearpreventad mrchathe npeintesange

such as the version-up of the program of the whole processors in the
process may be conducted without wholly stopping the

5 system.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 shows a configuration of a disk
controller in accordance with the present invention,
Fig. 2 shows a format of cluster allocation

10 information stored in a control memory,

Fig. 3 shows a format of execution cluster
indication information stored in the control memory,

Fig. 4 shows a format of I/0O job execution
control information stored in the control memory,

15 Fig. 5 shows a format of cluster operation
mode'indication information stored in the control
memory,

Fig. 6 shows a main flow chart of a version-up
process of a disk control program,

20 Fig. 7 shows a detailed flow chart of the
program version-up prpcess for a cluster A,

Fig. 8 shows a detailed flow chart of the
program version-up process for a cluster B,
Fig. 9 shows a configuration of a disk

25 controller in accordance with another embodiment of the
present invention,

Fig. 10 shows a format of distributedly



15 sel egted cluster is conducted and the acceptance and processing of a new
j ob anong processors in the selected clusters is permtted again. The

sel ection of the cluster and the mai ntenance processing are effected
sequentially for each of the clusters, and.akter the 20 nmi ntenance
processi ng has been conpleted for the processors of all clusters, the
cluster node is ﬁfbdéﬁedblé thasekwstembiaationt inFoethattide, During the

mai nt enance of the processors in the selected cluster, the processors in

t he non-sel ected clusters Rig.231r ehbwscandtherefecmat oife theocessi ng of
the job in the cluster restricted node. In this manner, even if the
processi ng of thdigtpibuteddyi pyogesgable plusterocompingtiome not to be

mai nt ai ned during the maintenance of -4- the system such as the
version-up of th&npPEPREAPNY AN :
5 Fig. 12 shows a configuration of the disk

controller in accordance with a further embodiment of

the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

10 Fig. 1 shows a configuration of a disk
controller in accordance with a first embodiment of the
present invention. A disk controller 200 comprises a
plurality of processors 211, 1212, 213, 214, 221, 222,
223 and 224 each having a local memory LM, service

15 processors 215 and 225 having disk drives 216 and 226,
respectively, each storing a control program, and a
shared memory 236 having a cache memory 231 and a
control memory 232 and commonly accessible by the
processors 211-214 and 221-224 and the service

20 processois 215 and 216. Of the processors belonging to
the disk controller 200, the processors 211, 212, 221
and 222 are connected to a host computer 10 through a
channel controller 30. The processors 213, 214, 223 and
224 are connected to disk drives 40 and 41. Herein-

25 after, in order to discriminate those processors, the
former are refereed to as channel control processors and
the latter are referred to as drive control processors.

The local memory of each of the processors 211-214 and



di stributed processing of the job by the prograns of different versions may
be prevented and the mai ntenance process may be conducted w thout wholly
stopping the 5 system BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 shows a
configuration of a disk controller in accordgce with the present

invention, Fig. 2 shows a format of cluster allocation 10 information
stored in a cont gal-2R4pstoreisga dataowrahsfargiroyrak o iconttebl g

i ndication information stored in the control nenory, Fig. 4 shows a format
of 1/0 job executhendetat taanisifiear lettweens tthreedliisk devesnt4®lantenbl ygnd 5
Fig. 5 shows a format of cluster operation node indication information
stored in the cotheochanmedy coptyoldeshdls andrd mainhienange sIPRErt

versi on-up process of a disk control pro%ranl 20 . Fig. 7 shows a
detail ed fl ow chBFP9gam for supporting the system maintenance. ~ The

5 service processors 215 and 225 are connected to a
maintenance panel 240 which is provided as an interface
to an operator.

In the present embodiment, the processors 211-

214 and 221-224 are of a multi-processor configuration.

10 Those processors are divided into a cluster A 210 which
comprises the_processors 211-214 and a cluster B 220
which comprises the processors 221-224., The service
processor 215 belongs to the cluster A 210 and the
service processor 225 belongs to the cluster B 220.

15 Fig. 2 shows a logical format of cluster
allocation information stored in the control memory 232.
The cluster allocation information 500 has three areas,
a processor number area 510, an allocated cluster number
area 520 and a processor attribute area 530. The

20 processor number area stores the processor numbers
allocated to the pfocessors 211-214 and 221-~-224. Fig. 2
shows that, in the present embodiment, 211, 212, 213,
214, 221, 222, 223 and 224 are allocated to the
processors as the processor numbers. '(In the present

25 embodiment, the processor numbers allocated to the
processors correspond to the reference numerals in Fig.
1 for the sake of convenience.) The allocated clﬁster

number area 520 stores the cluster number of the cluster



programyersi on-up process for a cluster A, Fig. 8 shows a detailed flow
chart of the program version-up process for a cluster B, Fig. 9 shows a
configuration of a disk 25 controller in accordance wi th anot her enbodi nent
of the present invention, Fig. 10 shows a fommat of distributedly
processabl e cluster conbination information, Fig. 11 shows another format
of the distributedl ywhchceashblcdustest delongiai.natFign iNnfshiowd ithat ate 5
Fig. 12 shows a configuration of the disk controller in accordance with a
further enbodi meprocéssbespl2édeni2li2py @it and RHICREIONgs Gl e REARERRRED
EMBODI MENTS 10 Fig. 1 shows a configuration of a disk
of the cluster number ’1l’ (the cluster A 210 in Fig. 1)
and the processors 221, 222, 223 and 224 belong to the
5 cluster of the cluster number ‘2’ (the cluster B 220 in
Fig. 1). The processor attribute area 530 stores
information indicating the attributes of the processors,
that is, information indication which one of the channel
control processor (channel control CPU) and the drive
10 control processor (drive control CPU) each processor
belongs to. Fig. 2 shows that the processors 211, 212,
221 and 222 are channel control processors and the
processors 213, 214, 223 and 224 are drive control
processors.
15 Fig. 3 shows a format of execution cluster
indication information stored in the control memory 232.
The execution cluster indication information 600
comprises an execution cluster indication area 610 which
stores information indicating a cluster mode when the
20 data is transferred. In the present embodiment, the
cluster mode includes a cluster non-restricted mode in
which any one of the clusters 210 and 220 may be used
for the data transfer and a cluster restricted mode in
which only one of the clusters may be used. When the
25 data transfer is to be conducted in the cluster non-
restricted mode, ‘1’ is stored in the execution cluster

indication area 610, and when the data transfer is to be

conducted in the cluster restricted mode, '2’ is stored.



cont,rol I,er in accordance with a first enbodi rent of the present invention.
A disk controller 200 conprises a plurality of processors 211, 1212, 213,
214, 221, 222, 223 and 224 each having a | ocal nenory LM service 15
processors 215 and 225 havi ng disk drives 21@ and 226, respectively, each
storing a control program and a shared nenory 230 having a cache nenory

231 and a control nenmory 282gand sRBWENhY faemBESolR! & /BY JoRe eHeRRRSTA S
211-214 and 221-224 and the Service 20 processors 215 and 216. O the

processors bel ongbigrdd ihe€odinakieanseokkar iR0@het Bonkirode memory2 2B2.212,
221 and 222 are connected to a host conputer 10 through a channel
controller 30. TheepIfOejobrexétdtridndcofiBodndnEd4ématdono®@dctisd t o di sk
drives 40 and 41. Herein- 25 after, in order to discrimnate those
processors, the poovitdedr foreeachedft thasdiskndalivesndOobndr dde comneched
the latter are referred to as drive_control processors. The |ocal nenory of
each of the pProce’sbhe diskoggngpgller 200. The I/0 job execution

control information 800 comprises access command request
information relating to an access command issued from
the host compﬁter 10, executable'processor designation
information for indicating a processor which may execute
10 the access command issued to the corresponding disk
drive and I/0 request execution state information for
indicating an execution state of the access command to
the corresponding disk drive. The access command -
request information.comprises a command type area 811, a
15 drive number area 812, a cylinder number area 813, a
tack number area 814 and a record number area 815. Thé
command type area 811 stores a command type of the
.access command issued to the disk drive corresponding to
the I/0 job execution control information. The access
20 command may include a read command for reading data from
the disk drive and a write command for writing dgta to
the disk drive. The drive number area 812 stores the
drive number of the disk drive to be accessed in
accordance with the I/0 job execution control informa-
25 tion. The cylinder area 813, the track number area 814
and the record number area 815 store the cylinder
number, the track number and the record number indicat-

ing the area to be accessed in the disk drive. The



-6- .221-224 stores a data transfer programfor controlling the data
transfer between the disk drives 40 and 41 and the channel controller 30
and a mai nt enance support program for supporting the system nmai ntenance.
The 5 service processors 215 and 225 are cangected to a mai ntenance panel
240 which is provided as an interface to an operator. In the present

enbodi nent, the §xe66e68P1eé pidcessdrafddsighatiénaiafermativh icompraessor
configuration. 10 Those processors are divided into a cluster A 210 which

conpri ses the prexessbablélprddédsaot desligateioR Bif whpclB2danpmhees t he
processors 221-224. The service processor 215 belongs to the cluster A 210
and the service execetable2pfobebsaysdesighatibusbét Bap2821l1has bits
Fig. 2 shows a logical format of cluster allocation information stored in
t'he control nennfqrzg@e processors 211-214 and 221-224. The bit
5 corresponding to the processor which can execute the
access command registered in the access command request
information is set to ‘1’ (set) ,and the bit correspond-
ing to the processor which cannot execute the access
command is set to ’0’ (reset). The I/0 request execu-

10 tion state information has an I/0 request execution
state area 831 which stores information indicating the
execution state of the access command. The I/0 request
éxecution state area 831 stores the information
indicating the execution étate of the access command,

15 that is, ’'0’ when there is no execution request for the
access command, 'l’ when waiting for the process by the
drive control processor, 2’ when waiting for the
process by the channel control processor, and ‘3’ when
any process is being executed.

20 : Fig. 5 shows a format of cluster operation
mode indication information stored in the control memory
232. The cluster operation mode indication information
700 comprises a cluster number area 710 and an operation
mode area 720. The cluster number area 710 stores the

25 cluster number of the cluster. The operation mode area
stores the information indicating in which operation

mode the corresponding cluster is operating. In the

présent embodiment, the operation mode may include a



The cluster allocation information 500 has three areas, a processor nunber
area 510, an-allocated cluster nunber area 520 and a processor attribute
area 530. The 20 processor nunber area stores the processor nunbers
allocated to the processors 211-214 and 221-¢@4. Fig. 2 shows that, in the
present enbodi nent, 211, 212, 213, 214, 221, 222, 223 and 224 are all ocated

to the processorgosfial N6peraee6fOmodaMEeLES contiicthagh e netinadd opErediien)! |
t he processor nunbers allocated to the processors correspond to the

ref erence nuner aassaspéhdedlmbde Lhewhiakh ehecasvesisceommandhdsamoacat ed
cluster nunber area 520 stores the cluster nunber of the cluster -7- to
whi ch each cl ustaccéptedgandFagmaintenasceheperhtipnomedeowhedld 212, 213
and 214 belongs to the cluster of the cluster nunber '1' (the cluster A 210
in Fig. 1) processor belonging to the cluster 210 and a processor
. 5 belonging to the cluster 220 are executing data transfer
programs of different versions. In the normal operation
mode, ‘1’ is stored in the operation mode area 720, in
the suspended mode, ‘2’ is stored, and in the mainte-
nance operation mode, ‘3’ is stored. The cluster
10 operation mode indication information 700 is referred by
the processors at a predetermined timing, for example,
in synchronism with the search of the executable job.

In the present embodiment, the data transfer

control process (the data read process herein) conducted
15 Dby the processors of the disk controller 200 is executed
as follows.

When the host computer 10 is to access to the
data stored in the disk drives 40 and 4i, it delivers an
access command indicating the access to the channel

20 controller 30. The channel controller 30 delivers the
access command received from the host computer 10 to one
of the channel control processors 211, 212, 221 and 222
of the disk controller 200. It is now assumed that the
access command is the read request to the disk drive 40

25 and the access command is delivered to the channel
control processor 211 of the cluster 210.

When the channel control processor 211

receives the access command from the channel controller



and t he .,processors 221, 222, 223 and 224 belong to the 5 cluster of the

cl uster nunber
area 530 stores

2" (the cluster B 220 in Fig. 1). The processor attribute
information indicating the attributes of the processors,

that is, information indication which one ofjihe channel control processor

(channel contro

CPU) and the drive 10 control processor (drive control

CPU) each process®] bel pagerkothbi 9/02rehaestt Babchbeonr 8¢ateoayedl 831212,

221 and 222 are

channel control processors and the processors 213, 214, 223

and 224 are dri vef cohérnfopiobeegetatidh control infolringtidnskowrespond+at
of execution cluster indication information stored in the control nenory -

232. The executi

execution cluster

mg ctoastbhe dhdkcdrive #0foandt i6ni60ascolpri(nes execution
i ndi cation area 610 which stores information indicating a

cluster node whereawesbd, éhtupdatepahbeeinfarmationhdnpithsed/ Oceauiasint
the cluster node includes a cluster ngn-restricted node . in which any ?Pe of
the clusters21°%Peuddonngyape axeg 831 to '3’ (executing). Then, the

10

channel control processor 211 stores the information
designated by the access command to the areas 811-815 of
the access command request information. When the
information stored in the I/0 request execution state

area 831 is other than '0’, the channel control

. processor 211 returns a busy response to the channel

15

20

25

controller 30. The channel control processor 211 refers
the exeéution cluster indication information 600 to
check the information stored in the execution cluster
indication areé 610. When the information stored in the
execution cluster indication area 610 is ‘1’ (clustei
non-restricfed mode), the field (executability
indication field) corresponding to the drive control
processors 213; 214, 223 and 224, of the executable
processor designation bit map area 821 of the I/0 job
execution control information 800 is set to ’1l’, that
is, a bit indicating the executability. On the other
hand, when the execution cluster indication area 610
stores ’2’ (cluster restricted mode), the executability
indication fields corresponding to the drive control
processors belonging to the same cluster as that to
which its own processor belongs, that is, the drive

control processors 213 and 214 of the cluster A 210, of



for the .data transfer and a cluster restricted node in which only one of

the clusters may be used. When the 25 data transfer is to be conducted in

the cluster non- restricted node, '1" is stored in the execution cluster

i ndication area 610, and when the data transfgr_is to be conducted in the

cluster restricted node, '2' is stored. -8- Fig. 4 shows a format of 1/0
/O

job execution copi¢ OdxbéGhLAPRE| BRoEESESE HBsiHRat9Bh B tTRER! Kréd2.g2ihe |
j ob execution control information 800 is provided for each of the disk

drives 40 and 4lagengected 51t0 tPRefli Skheoshanhker céf@rolhprbasiselr 211
execution control information 800 conprises access conmand request
i nformati on rel asetg tb’aindicatingothendaitingdfbrothehexkontioombyt dhelO,
execut abl e processor designation information for indicating a processor
whi ch may executdrive control processor in the I/0 request execution
| 5 state area 831. |
Any one of the drive control processors (the
drive control processor 214) refers the I/0 request
execution state area 831 of the I/0 job execution
control information to check whether "1’ indicating the
10 waiting for the drive control processor has been set or
not. If the I/0O request execution state area 831 is set
to ’1’, it further checks whether the executability
indication field corresponding to its own processor of
the executable processor designation bit map area of the
15 I/0 execution control information 800 is set to '1’
indicating the executability. If the corresponding
executability indication field is set to *1’, the 1/0
request execution area 831 is set to '3’ and the data is
read from the target disk drive in accordance with the
20 information stored in the areas (the command type 811,
‘the drive number 812, the cylinder number 813, the track
number 814 and the record number 815) of the access
command request information and it is stored in the
cache memory 232 provided in the shared memory 230.
25 Then, the I/0 request execution state area of the 1I/0
job execution control information 800 is set to 72’

indicating the waiting for the channel control

processor. The execution cluster indication information



10 the access command issued to the corresponding disk drive and 1/0O
request execution state information for indicating an execution state of

t he access command to the correspondi ng disk drive. The access conmand
request information conprises a command typqzprea 811, a 15 drive nunber
area 812, a cylinder nunber area 813, a tack nunber area 814 and a record
number area 815.600eis arebeciréd pendr £f BHé ekecationcoluBedrt ypdiehttiba
access command issued to the disk drive corresponding to the /0O job
execution contr @reaf@llelis oset The AtCefsliSteronvnAdestyichetuniede)read
command for reading data fromthe disk drive and a wite command for
witing data to the efedutabibit¥hindicationnbieldsecaostespondingt ke theve
nunber of the disk drive to be accessed in accordance with the 1/0O job
execut i on cont r cthanfaek gentsol iprecesspes cIlindét2ar 8418and 2@eE,t pickhe
nunber area 814 and the record nunber area 815 store the cylinder nunber,
the track nuRbere%8RPtIRLe REPLFEIHICFhEnation; hbttﬁépaﬁéﬁat 2peaZ€cessed

in the disk dH\g%t'q§e,1,. On the other hand, if the information

stored in the execution cluster indication area 610 is
2’ indicating the cluster restricted mode, the drive
control processor 223 sets ‘1’ only in the executability

10 indication fields corresponding to the channel control
processors 211 and 212 belonging to the same cluster.as
that to which its own processor belongs, that is, the
cluster A 210.

Then, any one of the channel control

15 processors (the channel control processor 212) refers
the I/0 request execution state area 831 of the I/0 job
execution control information 800 and checks if it is
set to ‘2’ (waiting for the channel control processor)
or not. If the I/0 request execution state area 831 is

20 set to ’'2’, it further refers the executable processor
designation bit map area 821 to check whether the
‘executability indicationlfield corresponding to its own
brocessor is set to ’1’ or not. If the corresponding.bit
of the executability indication field is set, the

25 channel control processor 212 sets the I/0 regquest
execution state area 831 to ‘3’ and transfers the
corresponding data stored in the cache memory 232 to the

channel controller 30. Then, it sets the I/0 request



-9- execut abl e processor designation information conprises executabl e
processor designation bit map 821. The executabl e processor designation bit
map 821 has bits for the processors 211-214 and 221-224. The bit 5
corresponding to the processor which can exegute the access conmand

regi stered in the access command request information is set to 'l (set)
,and the bit coreéxspabioni state abeapsdtessor onwhinlicasioh asvceneeution

access command is set to '0" (reset). The 1/0O request execu- 10 tion state
i nformati on has regqueé€kxrequest execution state area 831 which stores
I nformation indicating the execution state of the access command. The 1/0
request execution state arEn BBe dataecxeadepratessabyothendiskti ng the
execution state of the access conmand, 15 that is, '0' when there is no
execution reques¢one¥oller of the present embodiment, the process is
5 conducted in the same manner as the data read process in
the disk controller of a conventional multi-processor
configuration except that each processor refers the
execution cluster indication information 600 and the
cluster operation mode indication information 700, and
10 refers the executable processor designation information
(the executable processor designation bit map 821) and
continues the processing while updating. Accordingly,
the explanétion thereof is omitted.

Fig. 6 shows a flow chart of a maintenance

15 process (program version-up process) of the disk
controller 200 of the present embodiment.

In the maintenance process, an operator first
stores a new version data transfer control program in
the control program storing disk drives 216 and 226 of

20 the service processors 215 and 216 through the mainte-
nance panel 240 (step 110). The operator then commands
the start of the control program version-up process to
the service processor 215 through the maintenance panel
240 (step 120).

25 When the service processor 215 receives the
command to start the control program version-up process,

it sets ’2’ indicating the cluster restricted mode to

the execution cluster indication information 600 stored



access command, '1'" when waiting for the process by the drive control
processor, '2' when waiting for the process by the channel control
processor, and '3'" when any process is being executed. 20 Fig. 5
shows a format of cluster operati-on node indijgation information stored in
the control menory 232. The cluster operation node indication information
700 conprises a cinstied combesl afefory023pd(8teppe2bY)ionTherde whea TAe. The
cluster nunber area 710 stores the 25 cluster nunber of the cluster. The
oper ati on node arcitamiel esonteol npoocassonsi Rlll¢akillg Rh3wandh2djeretedrve
node the corresponding cluster is operating. In the present enbodi nent, the
operation node ey newlackeess command- fnomnbheopbannedncanizoldercdfduct i ng

a nornmal operation, a suspended node in which the access command i s not
they set only the bits corresponding to the processors

5 of the cluster to which its own processor belongs, in
the executable processbr deéignation bit map area 821 of
the I/0 job execution control information 800. ‘Thus,
the cluster non-restricted job soon disappears.
Thereafter, the service processor 215 executes version-

10 up process of the control programs stored in the lbcal
memoiies of the processors 211, 212, 213 and 214
belonging to the cluster A 210 (step 130). While the
version-up process for the data transfer control
programs of the processors of the cluster A 210 is

15 executed, the processors 221, 222, 223 and 224 of the
cluster B 220 execute the data transfer control process
in ﬁhe cluster restricted mode by the data transfer
control programs of old version.

When the version-up process for the data

20 transfer control programs of the processors of the
cluster A 210 is completed, the service processor 215
requests the execution of the program version-up process
of the processors belonging to the cluster B 220 to the
service processor 225 (step 140). When the service

25 processor receives the reqguest, it executes the version-
up process of the data transfer control programs stored
in the local memories of the érocessors 221, 222, 223

and 224 of the cluster B 220 (step 145). When the



accepted.and a mai nt enance operation node when a processor belonging to the
cluster 210 and a processor 5 belonging to the cluster 220 are executing

data transfer prograns of different versions. In the nornmal operation node,
"1 is stored in the operation node area 720,34 n. t he suspended node, '2' is
stored, and in the mainte- nance operation node, '3" is stored. The cluster

10 operation nmodgei#bsabp OPprosées NBsi 66mpLELea,  eher pedcbEsbite R1AGESSOrS
at a predetermned timng, for exanple, in synchronismw th the search of

t he executabl e jobl2) n21Beapd e3dtbebbngingnto the daustéraAsRel statts
process (the data read process herein) conducted 15 by the processors of
t he di sk contr ol |ehe 280ed¢ut ko cof ethasnéwl| frews ioliprogihamboandc expaute 10
is to access to the data stored in the disk drives 40 and 41, it delivers
an access comuandthediata i kyanstenceentrod precedanin| the cdustesl | er 30.

The channel caontroller, 30 delivers the access commuand received fromthe
host conput er 910 ¥@FbRkcted mode while the version-up process of the

programs'of the proceSSOrs of the cluster B 220 is
executed.

When the service processor 215 confirms the
completion of the version-up process of the data

10 transfer controi program of the cluster B 220 (step
150), it sets the operation mode area 720 of the cluster
operatioh mode indication information 700 to ’1’
indicating the normal operation mode and sets the
execution cluster indication information 600 to ‘1’

15 indicating the cluster non-restricted mode (step 155).
The maintenance panel 240 displays a message indicating
the completion of the version-up process of the data
transfer control programs (step 160).

Fig. 7 shows a flow chart of the version-up

20 process of the data transfer control program for the
cluster A 210 conducted in the step 130.

The processors 211, 212, 213 and 214 belonging
to the cluster A 210 refer the executable processor
designation bit map area 821 of the I/0 job execution

25 control information 800 of all disk drives to confirm
that there is no cluster non-restricted job (step 310).
Specifically, they confirm whether the bit indicating

the executability to the processors of both the clusters



of the channel control processors 211, 212, 221 and 222 of the disk
controller 200. It is now assuned that the access command is the read
request to the disk drive 40 25 and the access command is delivered to the
channel control processor 211 of the cluster 131Q. Wen the channel control
processor 211 receives the access command fromthe channel controller

30, it refers theld Qie@RMEpliexEtinitlsd dtecitsbbd lptbcédsot/ O job
execution control information correspond- ing to the disk drive 40, and if

it is '0 (no exemdigmatticudsit) map apstel the I40ojoltexecatione |/ 0O
request 5 execution state area 831 to "3' (executing). Then, the channel
control processorcaitiral drformation Bohtobreaklsidisk edirivet heThecess
command to the areas 811-815 of the access comuand request infornmation.
When t he i nf or matdos igmatdepn nig rEfocted gihkie sachPEPCessPe recognizes

5 that the cluster restricted mode is indicated by the
execution cluster indication information 600 at the
completion of execution of the job.

The service processor 215 sets '2’' indicating

the suspended mode in the operation mode area 720

10 corresponding to the cluster A 210 of the cluster
operation mode indication information 700 (step 315).
When the channel control processors 211 and 212 of the
cluster A 210 confirm that the operatidn mode is set in
the sﬁspended mode, they inform to the channel control-

15 ler 30 the non-acceptance of a new access command (step
320). By the process of the step 320, the job to be
processed by the processors of the cluster A 210 is no
longer registered.

The processors 211, 212, 213 and 214 of the

20 cluster A 210 refer the executable processor designation
bit map area 821 of the I/0 job execution control
information 800 to confirm that the bit corresponding to
'thelprocessors of the cluster A 210 is not set to "1’
indicating the executability (step 325). When the

25 processdrs 211, 212, 213 and 214 confirm that the bit
corresponding to the processors of the cluster A of fhe
executable processor designation bit map area 821 is not

set, they informs to the service processor 216 the



10 area 831 is other than '0', the channel control processor 211 returns a
busy response to the channel controller 30. The channel control processor
211 refers the execution cluster indication information 600 to check the
information stored in the execution cluster 4§ Lndication area 610. Wen.
the information stored in the execution cluster indication area 610 is '1'

(cluster non-restbmpliedioRde), thiee shiigitd Jfexeel il [grocdgubE aid athd i el d)
corresponding to the drive control processors 213, 214, 223 and 224, of the

execut abl e 20 pr saspeatiedesitgrat i(atep 330gn area 821 of the 1/0O job
execution control information 800 is set to "1, that is, a bit indicating
the executability. On the ®hear thendernwice phwoessnarn 25 decsiares rdhecat i on
area 610 stores '2' (cluster restricted node), the executability 25

i ndi cation fi el dsotérceeofosempd etdonhefdtihee shdrfity f @ldc erasressntmf ng
to the same cluster as that to which its own processor, belongs, that is,
the drive corlrothfr 68s8ErsA2te ihe susnendseke shalg dn Lhe Ftep 330, it

sets 3’ indicating the maintenance operation mode in
the operation mode area 720 corresponding to the cluster
A of the cluster operation mode designation information
700 (step 335). When the processors 211; 212, 213 and

10 214 confirm that the operation mode has been set to the
maintenance operation mode, they request the transfer of
the data transfer program of a new version to the
service processor 215 (step 340). In response to the
request, the service processor 215 transfers the data

15 +transfer control program of the new version stored in
the disk drive 216 in the step 110 (Fig. 6) to the
processors 211, 212, 213 and 214 (step 345). The
procéssors 211, 212, 213 and 214 store the received data
transfer programs in the local memories of their own

20 processors.

When the data transfer control programs of the
new version have been stored in the pfocessors of the
cluster A, the_service processor 215 sets the informa-.
tion indicating the completion of the'storage of the

25 program in the control memory 232 and informs it to the
processors. In response to the notice, the processors
start the execution of the new programs. When the

channel control processors 211 and 212 confirm the



- 12,- the executabl e processor designation bit map area 821 are set to
"1'. Then, the channel control processor 211 sets '1l" indicating the
waiting for the execution by the drive control processor in the I/0O request
execution 5 state area 831. Any one of the_d{¢ve control processors (the
drive control processor 214) refers the 1/0O request execution state area

831 of the I/0 | geoesgeUbifotheoheiodaital dramisifet contivak pitrjridis 'in the
indicating the 10 waiting for the drive control processor has been set or

not. If the I/0 Legddsimempedesi of thet processdit, thegt infdrit ta ttHeurt her
checks whether the executability indication field corresponding to its own
processor of thechasoeflabbetroddessd0 dbsi gesumption ofafher ecaspldnce 5
|/ O execution control information 800 is set to '1' '

of the access command (step 350).

5 Fig. 8 shows a flow chart of the version-up

process of the data transfer control program for the

cluster B 220 in the step 145 of Fig. 6.

The service processor 225 sets '2’ (suspended

mode) in the operation mode area 720 corresponding to
10 the cluster B of the cluster operation ﬁode indication
information 700 (step 405). Since the non-existence of
the cluster non-restricted job has been confirmed in the
step 310 of the version-up process of the data transfer
control program for the cluster A, the confirmation is
15 not nécessary here.

The channel.conirol processors 221 and 222
belonging to the cluster b 220 refer the cluster
operation mode indication information 700, and when they
confirm that the operation mode is set to the suspended

20 mode, they inform to the channel controller 30 the non-
acceptance of a new access command (step 415).' Then,
the processors 221, 222, 223 and 224 of the cluster B
refer the executable processor designation bit map area
821 of the I/0 job execution control information 800 to

25 confirm that the bit corresponding to the processors of
the cluster B is not set (step 420). When the
processors 221, 222, 223 and 224 confirm that the bit

corresponding to the processors of the cluster B of the



I ndicati.ng the executability. If the corresponding executability indication
field is set to "1, the I1/O request execution area 831 is set to '3 and
the data is read fromthe target disk drive in accordance with the 20
information stored in the areas (the commundagype 811, the drive nunber
812, the cylinder nunber 813, the track number 814 and the record nunber

815) of the accesgeecqtEbleé peodessorntiesighationbiit mMap HrLBiN iamot
cache nmenory 232 provided in the shared nenory 230. 25 Then, the 1/0
request executi osesfathegr éafofrmt ke the jselrvdxec prioaessor 225 itieor mat i on
800 is set to '2" indicating the waiting for the channel control processor.
The execution cl aempietimdnceafi thei shaffavifotheir owd @I®dessoefseredhend if
the execution cluster indication area 610 is set to '1" (cluster
non-restricted npagpended state.

5 When the service processor 225 receives the
notice of completion of the shift of all processors of
the cluster B to the suspended state, it sets the
operation mode area 720 corresponding to the cluster B
of the cluster operation mode indication information 700

10 to '3’ (maintenance operation mode) (step 426). When
the processors 221, 222, 22 and 224 of the cluster B
confirm that the operation modes have been se£ to the
maintenance operation mode, they request the transfer of
the data transfer control programs to the service

15 processor 225 (step 427). 1In response to the réquest,
the service processor 225 transfers the data trahsfer
control program stored in the disk controller 226 to the
processors of the cluster B (step 430). The processors
221, 222, 223 and 224 store the transferred data

20 transfer program in the local memories of their own
processors. |

When the processors of the cluster B confirm
that the new data transfer control program has beén
store in the local memories of all processors of the

25 cluster B, they start the execution of the new data
transfer control program. The'channel control
processors 221 and 222 inform the resumption of the

acceptance of the access command to the channel



the executability indication fields corresponding to the channel control
processors 211, 212, 221 and 222, of the 5 executable processor designation
bit map area 821 are set to '1l'. On the other hand, if the information
stored in the execution cluster indication gea-610 is '2' indicating the
cluster restricted node, the drive control processor 223 sets '1" only in
t he executabilitgodfrolbdrcali patépehdo)corresponding to the channel
control processars 211 and 212 belonging to the sanme cluster as that to
which its own processor beBpngbe mhinhtesantkeeprbosser dasgilbedihabovany one
of the channel control 15 processors (the channel control processor 212)
refers the |/0 rek@edataxtransbarspacgramcg g3¢cutedhbyl the sespestdveon
control informati on 800 and checks if it is set to '2" (waiting for the
channel control PF¥RERESSFS BRAYnbe. versineed, vp withoute interisxingatdesr ea

831 is 20 set. to '2', it further [eferaﬁtae execut ahl e processor
desi gnation Bit PEPCEFRATE9*POULLREKtReHARLR Fransier control programs

of different versions. Thus, the maintenance process
can be conducted without wholly stopping the disk
controller.
Fig. 9 shows a configuration of the disk
10 controller in accordance with a second embodiment of the
present invention. The present embodiment has a similar
configuration to that of the embodiment described above
except that the processors of the disk controller 20’
are divided into four clusters (cluster A 210, cluster b
15 220, cluster C 270 and cluster D 280).

' Where three or more clusters are included as
in the present embodiment, a plurality of combinations
of clusters which can distributedly process a job may be
defined. In the present embodiment, in order to permit

20 to each processor to recognize the combination of
clusters, distributedly processable cluster combination
information is provided in the control memory 232 in the
shared memory 230.

Figs. 10 and 11 show formats of the distri-

25 Dbutedly processable cluster combination information.

The distributedly processable cluster combination
information 100 includes information indicating whether

one job can be distributedly processed or not among



executahility indication field corresponding to its own processor is set to
1" or not. If the corresponding bit of the executability indication field
is set, the 25 channel control processor 212 sets the I/O request
execution state area 831 to '3 and transfergathe correspondi ng data stored
in the cache nenory 232 to the channel controller 30. Then, it sets the I/O
r equest - 14 elexeensioinshafteddecatddl crosspointdicFalcluster audbdrOn
request. In the data read process by the disk controller of the present
enbodi ment, the pndieatedsoh eaonndwdiadtenande ciasteramumbeas timelidwtaed ead
process in the disk controller of a conventional nulti-processor
configuration exerpant phscassh.pr §ors exanpdesr $hehdistaiduitedlyt ust er
i ndi cation informati on 600 and the .
‘ processable cluster combination information shown in
5 Fig. 10 includes information OK indicating the
distributed process is accepted in all fields. It
indicates that the processors of all clusters have the
data transfer control programs of the same version in
their local memories and a job my be distributedly
10 processed among any proceséors of any clusters. The
distributedly processable cluster combination informa-
tion shown in Fig. 11 includes information NG indicating
that the distributed process is not permitted in only
the fields of combinations of the cluster A and other
15 <clusters. Such setting of the distributedly processable
cluster combination information is made only when only
the processors belonging to the cluster A execute the
data transfer program which is different from those of
the processors of other clusters.
20 In the present embodiment, in the data
transfer control process, when the executable processor
designation bit map 821 of the I/0 job control
information 800 is to be set, each processor sets the
executable processor designatidn bit map 821 in
25 accordance with the following criterion. Namely, it
refers the execution cluster indication information 600,

and when the execution cluster indication information

area 610 is set to '2’, it refers the distributedly



cluster operation node indication information 700, and 10 refers the
execut abl e processor designation information (the executabl e processor
designation bit map 821) and continues the processi.ng while updating.
Accordingly, the explanation thereof is omtdfd Fig. 6 shows a flow chart
of a mai ntenance 15 process (program version-up process) of the disk

controller 200 oprébespapientlasbedi ebibinhfibheifiibihanabae 1000nds sets
operator first stores a new version data transfer control programin the

control program s1orimgtheséxdcutabilityahndd226tdbn?2@iellde coeresponding

processors 215 and 216 through the mainte- nance panel 240 (step 110). The
operator then conoebhis phecesaotrsobelbrgingt tol opheyr ginstesi cormespondess
to the service processor 215 through the naintenance panel 240 (step 120).
25 Witeg t e thevfieldrbavingr OR16etcthpyeint heWbenmddd 16 S&drt

the control programversion-up process, it sets '2' indicating the cluster
restricted ndde @ the execution cluster indication information area

610, the bit '1’ is set in the executability indication
fields corresponding to all processors.
In accordance with the present embodiment, the

maintenance process such as the version-up of data

_10 transfer progrém may be conducted in finer unit. In the
present embodiment, when the npmber of clusters is
further increased, the cluster group for which the
version-up of the program has been completed is defined
as a first set and cluster group for which the version-

15 up of the program has not been completed is defined as a
second set, and the maintenance process may be conducted
while conducing a closed job within each set.

In the above embodiments, the elements of the

disk controller are directly connected to each other

20 although they may be connected through a bus. PFig. 12
shows a configuration of the disk controller when the
elémenté are connected by a bus. In Fig. 12, the
processors 211, 212, 213 and 214, the service processor
215 and the shared memory 230 are cbnnected through a

25 bus 201. 1In the disk controller of this configuration,
the maintenance process may be conducted for each
cluster in the same manner as that described above so

that the modification such as version-up of the control



t he execution cluster indication information 600 stored in the control
menory 232 (step 125). Then, when the channel control processors 211, 212,
213 and 214 receive a new access conmmand fromthe channel controller 30,
they set only the bits corresponding to the gfocessors 5 of the cluster to
which its own processor belongs, in the executable processor designation
bit map area 82¥pﬁ6?£$ﬁs|éﬁébﬁ@e&xﬁ9ukh@nr@Q@bEQ&vbnb&b@%%b%&ssQ@q'Iﬁys,
the .cluster non-resiricted job soon di sappears. Thereafter, the sérvice
processor 215 exeshndestedrwiehoutOwhollpr seeppiah the aathl YrapsFerans
stored in the |ocal nmenories of the processors 211, 212, 213 and 214

bel onging to the cluster AIdl8cterdantdOwithhithe plreseartsiioavemtimngcadse f or
the data transfer control prograns of the processors of the cluster A 210
is 15 executed Prograngcefsdiffezentoversiopsange’exeshtede by the

5 processors of different clusters to avoid the interfer-
ence of the programs of different versions. Thus, the
system maintenance such as the version-up of the program
may be conducted without wholly stépping thé operation

of the multi-processor system.



cluster B 220 execute the data transfer control process in the cluster
restricted node by the data transfer control prograns of

the version-up process for the data 20 transfer control'
processors of the cluster A 210 is conpl etedpsthe service m tﬂlt I!I'
requests the execution of the program version-up process o

bel ongi ng to t hewghwstsr cBaAZBEDt @st:he service processor 225 (step 140).
When the service 25 processor receives the request, it executes the

version- up procgss of theAdmbdntepanicer methiodolofproghisks cinmtred liex t he
| ocal menories of the processors 221, 222, 223 and 224 of the cluster B 220
(step 145). Wiencohmected betweenr e boskp compodesr iandc endiske drive and

processors 211 212, 213 and 214 belonging to the cluster A 210 starts
hav1ng a plurality of processors for controlling data

transfer between said host computer and said disk drive,
comprising the steps of:

dividing said processors into a plurality of
clusters;

shifting a cluster mode from a cluster non-
restricted mode in which distributed processing of a job
among clusters belonging to any clusters is permitted to
a cluster restricted mode in which a cluster to which
processors permitted to distributedly process a job
belong is restricted;

selecting at least one cluster of said
plurality of processors as a cluster to be maintained;

: versioning up.programs to be executed by the
processors belonging to said cluster to be maintained;
and

executing the version-up programs by a new
program by the processors belonging to said cluster to
be maintained.
2. A maintenance method according to Claim 1
wherein said version-up step includes a step for
stopping the aéceptance of a new job by the processors
belonging the said cluster to be maintained, a confir-
mation step for confirming the non-existence of a job'to‘

be processed by the processors belonging to said cluster

T
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t he .execution of the new version prograns and execute the data transfer
control process in the cluster 5 restricted node while the

process of the progranms of the processors of the cluster iﬂ”ﬂﬂ#"ﬂ
When the service processor 215 confirnms the gonpletion of the*versuonnu 5w
process of the data 10 transfer control programof the cluster B 220 (step

150), it sets theooperpaintained,annd 428tekrihfestepsifer SROTrdnORhEdRw
indication information 700 to "1" indicating the normal operation node and

sets the executipnogramt én andlocali membrfooffabach 6d0the prockssansdi cati ng
the cluster non-restricted node (step 155). The mai ntenance panel 240

di spl ays a nessagelondingt togsahd cdnpkersotoobet maintadned-.up process of
the data transfer control programs (step 160). Fig. 7 shows a flow chart of
the version-up 28-process bfm@hnteaaaceruﬁ§hed asrordingr &gr &rafisy 1t he

cluster A 210 conducted in the step 130.
further comprising the step of:

repeating said selection step, said version-up
step and said execution step sequentially for all
clusters. '

4. A maintenance method according to Claim 3
further comprising the step of:

setting the cluster mode to said cluster non-
restricted mode after the programs of the processors of
all clusters have been versioned up.

5. A maintenance method according to Claim 1
further comprising the step of:

executing a job by the processors belonging to
the clusfers other than the selected clusters in said
cluster restricted mode in parallel to said version-up
step. |
6. A disk controller connected between a host
computer and a disk drive comprising:

a plurality of processors each belonging to
one of a plurality of predetermined clusters for
controlling data transfer between said host computer and
said disk drive; and

execution cluster indication means for
indication whether processing for anlaccess request of

said disk drive issued from said host computer is to be
-
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The processors 211, 212, 213 and 214 belonglng to the cluster A 210 refer

t he ‘execut abl e processor designation bit map area 821 of t

execution 25 control information 800 of all disk drives t ’lm“i“rlm“m H“‘
there is no cluster non-restricted job (step231Q). Specifica
confirmwhether the bit indicating the executability to the processors of

both the clusterexecuted’ in 2lCRHte hdrb-1vitiictdt mods Uimbiiei¢hocessor
designation bit nmap -area of the I/O job execution control information 800

of each di sk dridastHidbwed iprodesying of fidn esbodss erequds pramesgoall
recogni zes 5 that the cluster restricted node is indicated by the execution
cluster indicati qrooefsmors iicn EOMnidttaedexdapletcbrsttér exestnicbed i mode
job. The service processor 215 sets '2' indicating
in which dlstrlbuted processing of the access ‘request by
processors belonging to different clusters is
restricted;
said plurality of processors processing the
access request in accordance with the mode designated by
said execution cluster indication means.
7. A disk controller according to Claim 6 further
comprising:
| processor designation information provided for
each access request to designate the processors which
can execute the processing of the access request.
8. A disk controller according to Claim 7 further
comprising:
a terminal device for accepting a program
version-up command from an operator;
control means for controlling said execution
cluster indication means to indicate the cluster
restricted mode in accordance with the program version-
up command accepted by said terminal device; and
version-up ﬁeans for selecting one of séid
plurality of clusters, suspending the processing of the
access request in the processors belonging to the
selected cluster and versioning up programs to be

executed by the processors belonging to the selected

cluster.
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t he suspended node in the operation node area 720 10 corresponding to the
cluster A 210 of the cluster operation node indication |nfo

(step 315). Wien the channel control processors 211 and 212 mﬂﬂmm&k‘ I"I
A 210 confirmthat the operation node is sgtppn_the suspende

informto the channel control- 15 ler 30 the non-acceptance of a new access

command (step 32g). By thePP'Eﬁ“s?é%di‘ftf&l@.e?:t Ui ad Wdio b Aisaessed
by the processors of the cluster A 210 is no |onger registered. The

processors 211, 2bhprikingd 214 of the 20 cluster A 210 refer the
execut abl e processor de5|gnat|on bit map area 821 of the I'/O job execution
control informati on 800 t o0 ac@ehony tivat stvrivid e aopss pdhdlaka tstddwd in
processors of the cluster A 210 is not set to '1'" indicating the
executability (ssepd3disk VWrvet;he 25 processors 211, 212, 213 and 214
confirmthat the bit corresponding to the processors of the cluster A of

t he executabl e processor d@@%ﬁnﬂiuﬂﬁhﬂﬁylﬁﬁ)RﬁQ9?§§EF$5#QRﬁudlng a first

plurality of processors for controlling the data
transfer between said memory and said host computer and
a second plurality of processors for controlling the
data transfer between said memory and said disk drive.
10. . A disk controller according to Claim 9 wherein
each of said clusters includes at least one of said
first processors and at least one of said second
processors.
11, A disk controller according to Claim 10

further comprising:

cluster combination information for indicating
a combination of clusters to which the processors which
can distributedly process a job belong;

said processors each setting information for
designating the proceésors which can distributedly
process the job to be executed by its own processor in
accordance with said processor designation information.
12. A program version-up method for a multi-
processor system for distributedly processing a job
among a plurality of processors each having a local
memory for storing a program, comprising the steps of:

(a) dividing the processors into a plurality

of clusters;

—_—

Thls Sheet Has B

T

)



set, they infornms to the service processor 216 the - conple

the shift of its own processor to the suspended state (step

service processor 215 receives the notice of conpletion of:t Mﬂa III"I
processors of 5 the cluster A to the suspendgd state in the step

sets '3" indicating the nmaintenance operation node in the operation node

area 720 corresponding to iy @SniFitdng’ Ofcihtiredt widdd BREIdL Dy '@dfob
designation information 700 (step 335). Wen the processors 211, 212, 213

and 10 214 confi distirdbutienopiiony chemdadterdefros e dluadter mont enance
operation node, they request the transfer of the data transfer programof a
new versi on to thkestaivted modecdgowhdoh (theeizMo)ibuted @regeasing tok

request, the service processor 215 transfers the data
the job among processors of different clusters is

permitted to a cluster restricted mode in which the
distributed pfocessing of the job among processors of
different clusters is inhibited;

(c) selecting.one cluster from the plurality
of clusters as a selected.cluster and stopping the
acceptance of a new job by the processors in the
selected cluster;

(d) versioning up. programs stored in the local

- memories of the processors belonging to the selected
cluster by new programs;

(e) resuming the acceptance of new job by the
processors belonging to the selected cluster after the
completion of the version-up of the progfams;

(f) repeating said steps (c) to (e)
sequentially for the plurality of clusters; and

.(g) returning the cluster mode from the
cluster restricted mode to the cluster non-restricted
mode.

13. A program version-up method according to Claim
12 wherein said step (c) includes a step for confirming
that there in no job which is being executed in the
cluster non-restricted mode.
14, A program version-up method according to Claim

13 wherein said step (d) includes a step for confirming
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15 transfer control progran1of t he new version stored in the_dPSk—dLL¥E_2lh____
inthe step 110 (Fig. 6) to the processors 211, 212, 213 and

step
345). The processors 211, 212, 213 and 214 store the receive M lm”ﬂ'ﬁ Il
prograns in the local nenories of their own 2§ processors. ”
transfer control prograns of the new version have been stored in the
processors of thenaltushereAist h® SRV itee LY Prsvedsell Dis ailfe pYeoddE £ Fe-
tion indicating the conpletion of the storage of the 25 programin the
control nenory 2B2langingf econthel sededtedrolester.s. | n response to the
notice, the processors start the execution of the new prograns. Wen the

channel control processors 211 and 212 confirmthe - 19 - storage of the
new data transfer control programs in the
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Iocal*ﬁennrles of the processors, they informto the channel controller 30
the fesunption of the acceptance of the access conmmand (step 350). 5

Fig. 8 shows.a flow chart of the version-up process of the data transfer
control progran1for the cluster B 220 in the step 145 of Fig. 6. The
service processor 225 sets '?2' (suspendedvygd i n the operation node area
720 corresponding to 10 the cluster B of 1 cluster operation node

i ndi cation information 700 (step 405). Since the non-existence of the
cluster non-restricted job has been confirmed in the step 310 of the
version-up process of the data transfer quoﬂ program for the cluster A,
the confirmation is 15 not necessary hefte channel control processors
221 and 222 belonging to the cluster b 220 refer the cluster operation node
i ndication informati on 700, and when they confirmthat the operation node
IS set to the suspended 20 node, they informto the channel controller 30

t he non-
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acceptance of a new access command (step 415). Then, the processors 221,
222, 223 and 224 of the cluster B refer the executabl e processor
designation bit nmap area 821 of the I/O job execution control information
800 to 25 confirmthat the bit corresponding to the processors of the
cluster Bis not set (step 420). Wen thé rocessors.-221, 222, 223 and 224
confirmthat the bit corresponding to th zﬁ%cessors of the cluster B of

t he - 20 - executable processor designation bit map area 821 is not set,
they informto the service processor 225 the conpletion of the shift of _
their own processors to t he suspended st ate. When t he service

processor 225 receives the notice of cogpbsziéga of the shift of all
processors of the cluster B to the susp at. it sets the

500
PROCESSOR ALLOCATED PROCESSOR
NUMBER NUMBER  ATTRIBUTE
- | CHANNEL CONTROL
211 | 1 GPU
CHANNEL CONTROL
212 1 oPU
213 S DRIVE CONTROL CPU
214 | 1 DRIVE CONTROL CPU
291 . 2 | GHANNEL GONTROL
- CPU
299 9 CHANNEL CONTROL
. - CPU
223 | 2 | DRIVE CONTROL CPU
224 | 2 DRIVE CONTROL CPU
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510 . 520 530
600
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~ 2... CLUSTER RESTRICTED MODE
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operatian nobde area 720 corresponding to the cluster B of the cluster
operation node indication information 700 10 to '3 (rmaintenance operation
mode) (step 426). Wien the processors 221, 222, 22 and 224 of the cluster
B confirmthat .the operation nodes have been set to the mmintenance
operation node, they request the transfgélpéhthe data transfer control
progranms to the service 15 processor 2 (Step 427). In response to the
request, the service processor 225 transfers the data transfer control
program stored in the disk controller 226 to the processors -of the cluster
B (step 430). The processors 221, 222, 223 and 224 store the transferred
data 20- transfer programin the Iocalfﬁ? jl*; of their own processors.
When the processors of the cluster B confirmthat the new data transfer
control program has been store in the |local nenories of all.processors of
the 25 <cluster B, they start the execution of the new data trans880
control program_The channel control “__

COMMAND TYPE | o 4811
c DRIVE NUMBER DRIVE DO 1_g19
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processars 221 and 222 informthe resunption of the acceptance of ‘the
access command to the channel - 21 - controller 30 (step 440). By the
mai nt enance process descri bed above, the data transfer programs executed
by the respective processors nay be versioned up without interfering the 5
processors executing the data transfer control prograns of different
versions. Thus, the maintenance process 4ahSe conducted w thout wholly
st-oppi ng t he di sk controller. Fig. 9 shows a configuration of the disk 10
controller in accordance with a secondiggigg efnt of the present invention.
The present embodi ment has a simlar c ion to that of the

enbodi nent descri bed above he di sk
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are divided into four clusters (cluster A 210, cluster b 15 220, cluster C
270 and cluster D 280). Where three or nore clusters are included as in the
present enbodi.nent, a plurality of combinations of clusters which can
distributedly process a job may be defined. In the present enbodiment, in
order to permit 20 to each processor togéfgggnize t he conbi nati on of
clusters, distributedly processable clus onbi nation information is
provided in the control nmenory 232 in the shared nenory 230. Figs. 10 and
11 show formats of the distri- 25 but y.processabl e cluster conbination
information. The distributedly processﬁhéj%t er conbination information
100 i ncludes information indicating whether one job can be distributedly
processed or not anong - 22 - '

130 - |
. 340
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clusters, in a field at a crosspoint of cluster nunbers indicated on an
ordi nate and cluster nunbers indicated on an absci ssa. For exanple, the

di stributedly processable cluster conbination information shown in 5 Fig.
10 includes information OK indicating the distributed process is accepted
in all fields. It indicates that the processors of all clusters have the
data transfer control prograns of the saﬁh/ébrsion in their |ocal nenories
and a job ny be distributedly 10 processed anong any processors of any
clusters. The distributedly processabl @' t @) conbination infornma- tion
shown in Fig. 11 includes: i nformati on I ing that the distributed
process is not permitted in only the fields of conbi nations of the cluster
A and other 15 clusters. Such setting oi he distributedly processable.
cluster conbination information is nmade o when-—only the _processors

bel onging to the cluster A execut e the datra trandfer progran1which 480
different fromt 5 AQ t her dl usters. '

'OF CONTROL PROGRAM IN
CLUSTER 2

405 | |SERVICE PROCESSOR

| 225 STORES DATA |
SERVICE PROCESSOR 215 STORES ;ggpésarfg g? :Eevo"
'SUSPENDED MODE INDICATION A O
OF CLUSTER 2 IN GONTROL
MEMORY 282 MEMORIES OF
| PROCESSORS
)15- 291,222,223,224
PROCESSORS 221,222 INFORM 240
NON-AGCEPTANCE OF NEW I/O
REQUEST TO CLUSTER 2 TO
CHANNEL CONTROLLER PROCESSORS 221,
- ' 420 222 INFORM TO -
o, CHANNEL
CONTROLLER
PROGESSORS 221,222,223,224 RESUMPTION OF
CONFIRM NON-EXISTENCE OF | ACCEPTANGE OF
CLUSTER RESTRIGTED JOB IN NEW I/O REQUEST
CLUSTER 2 - | TOCLUSTER 1
: 425
PROCESSORS 221,222,223.224 - 450
INFORM COMPLETION OF i /
SUSPENSION TO SERVIGE - . _
PROCESSOR 225 C RETURN )
_ /426 '
SERVICE PROCESSOR 225
INDICATES MAINTENANCE
OPERATION MODE TO CLUSTER2 | __
/J .

PROCESSORS 221,222,223,224
REQUEST TO SERVICE PROCESSOR
225 REPLACEMENT OF DATA
TRANSFER CONTROL PROGRAMS
STORED IN LOCAL MEMORIES

1




20 |
process,

j ob contr ol

In the present enbodinent,

in the data transfer control -
when t he execut abl e processor designation bit map 821 of the 1/0

information 800 is to be set, each processor sets the

execut abl e processor designation bit map 821 in 25 accordance with the
follow ng criterion.
i nformation 600, and when the execution @ A& er indication information area
refers the distributedly

cluster conbination information 100 and sets '1'
i ndi cation field corresponding to the processors belonglng to other cluster

610 is set to '2

correspond-

it

t he execution cluster
in the executability indication

Nanely, it

refers the execution cluster
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enmbodi nent ,

each set.
directly connected to each ot her
Fig. 12 shows a configuration
el enents are connected by a bus.
the service processor 215 and the shared nenory 230 are connected
In the disk controller of this configuration,

and 214,
through a 25 bus 201.

fields corresponding to all . processors.
enbodi ment

In Fig.

I n accordance with the present
( the mai ntenance process such as the version-up of data 10
transfer program.nmay be conducted in finer unit.
when the nunber of clusters is further
group for which the version-up of the program has been conpleted is defined
as a first set and cluster group for whi 8/the version- 15
program has not been conpleted is defined as a second set,
mai nt enance process may be conducted while conducing a closed job within

In the above enbodi nents, the elenents of the disk controller are

20 although they may be connected through
éi‘ controll er when the '
12, 't

In the present
i ncreased,

the cluster

up of the
and the

e processors 211, 212, 213

100
{cLusTER AlcLUSTER B|cLUSTER C|CLUSTER D
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t he mai nt enance process may be conducted for each cluster in the sanme
manner as that descri bed above so that the nodification such as version-up
of the control - 24 - prograns executed by the respective processors may
be conducted wi thout wholly stopping the data transfer. In accordance with
the present invention, the prograns of different versions are executed by
the 5 processors of dlfferent clusters 8o/&o0id the interfer- ence of the
programs of different versions. Thus, the system mai ntenance such as the
ver si on-up. of the program may be conducted wi t hout whol |y stopplng the
operation of the nultl-processor systen1

FIG.12
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-25- . . Replacenent Sheet - 7 May 1996 WHAT IS CLAIMED IS : 1. A :
mai nt enance nethod of a disk controller connected between a host conputer
and a disk drive and having a plurality of processors for controlling data
transfer between said host conputer and said disk drive, conprising the
steps of: dividi nyBSERACTr OFeTHEI PISCLOSBRE! urality of clusters; ghiflipg a
cluster node froma cluster non-restricted node, in which processing of a

j ob havi ng been sMELE3sPRPCESSOBf SYSTEMp| DISKI CONTRODLERCYSANG THEpPSAME: t ed
to be passed over to another of said plurality of processors belonging to a
cluster different fronANRaNONPLERYPEFVEOMBINTENANCEf METHODD THEREDFY of
processors, to a cluster restricted node, in which a processor capabl e of

passi ng, over processing of @ LARIANPLPSEn LAl DY Snedl Slldoter

processors, el o) A fdd S YRR HP o UAIAER | 0 514 05!

o b SO 38, AL oS R £ e
and a disk drive in a cluster non-restricted mode in
which a job can be distributedly processed among
processors belonging to'any clusters without regard to
cluster. In response to a program version-up command
from an operator, the cluster mode is shifted from the
cluster non-restricted mode to a cluster restricted mode
in which the cluster to which processors which are
permitted to distributedly process one job belong is
restricted. When the shifting to the cluster restricted
mode is completed, one cluster is selected as a cluster
to be maintained and the programs to be executed by the
processors belonging to the cluster to be maintained are
versioned up by new programs. When the programs of all
processors of the cluster to be maintained have been
versioned up, the acceptance of a new job by the
processors belonging to the cluster to be maintained is
resumed and the execution of the new programs is
started. The selection of the cluster, the version-up
of the programs and the start of the execution of the
new programs afe'repeated sequentially for all clusters.-

" When the version-up of the programs of all processors is

completed, the cluster mode'is returned from the cluster

restricted mode to the cluster non-restricted mode.

(WRHRGWW
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bel onging to said cluster to be maintained; and executing the version-up
progranms by a new program by the processors belonging to said cluster to be
mai nt ai ned. - 26- Repl acenent Sheet - 7 May 1996 2. A :
mai nt enance nethod according to Caim1l1 wherein said version-up step

i ncludes a step for stopping the acceptance of a new job by the processors
bel onging the said cluster to be maintained, a confir- mation step for
confirm ng the non-existence of a job to be processed by the processors

bel ongi ng to sai d ABSER LCTLOF THEBISCRORERE and a St ®eberbéRiBHedy Storing
the new programin a [ocal nmenory of each of the processors belonging to-
said clusters to be maintained. A naintenance nethod according to

3 . .
Caim1l further c el‘?q W ,f. ep, sald
A nmai ntenance mt%ﬁﬁ ﬁ ur 519 6

The cluster restricted mode and a cluster is selected from the |

plurality of clusters. The aéceptancé of a new job in the selected cluster

is inhibited and the maintenance processing such as the version-up of the

program. of the whole proéessors in the selected cluster is conducted and

U the acceptance and processing of a new job among processors in the
selected clusters is permitted again. ‘The selection of the cluster and the

maintenance processing are effected sequentially for each of the clusters,

and after the maintenance processing has been completed for the

processors of all clusters, the cluster mode is returned to the cluster

non-restricted mode. During the maintenance of the processors in the

selected clustef, the processors in the non-selected clusters are restricted

to execute the processing of the job in the cluster restricted mode.

(Fig. 1)
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the step of: setting the cluster node to said cluster non-restricted node
after the prograns of the processors of all clusters have been versioned
up. 5. A .mai.nt enance nethod according to Claim1 further conprising the
step of: executi.ng ajob by the processors belonging to the clusters ot her
than the selected clusters in said clustgb5-restiaplacementSheat erMaNe19§§
sai d version-up step. 6. A di sk control |l er connect ed—between—ahost——

conputer and a diwHANT IS CICAINEDSINg: -27- a plurali f ; '
each belonging to one of a plurality of predeterm ned j!ﬁﬂ #ﬂﬁ! mil Hlljle
controlling data transfer between said host conputer a ery _ e,

and execution cluster indication means for indication whether :
' 1. A maintenance method of a disk controller connected between

a host computer and a disk drive and having a plurality of processors for
controlling data transfer between said host computer and said disk drive,
comprising the steps of:

dividing said processors into a plurality of clusters;

shifting a cluster mode from a cluster non-restricted mode,
in which proéessing of a job having been started by one of said plurality
of processors is permitted td be passed over to another of said plurality
of processors belonging to a cluster different from that belonging to said
one of said plurality of processors, to a cluster restricted mode, in which
a processor capable of passing over processing of a job having been
started by one of said plurality of processors is limﬁed to another of said
plurality of processors belonging to a cluster same as that belonging to
said one of said plurality of processors;

selecting at least one cluster of said plurality of processors
as a cluster to be maintained;

versidﬁing up programs to be executed by the processors
belonging to said cluster to be maintained; and

executing the version-up programs by a new program by

the processors belonging to said cluster to be maintained.

REPLACEMENT SHEET




processing for an-access request of said disk drive iss nsai.d host
conputer is to be executed in a cluster non-restrict ed, "mm,mmm
processi ng -of a.j-ob having been started by one of said cal Ity wofet L ITHE =

processors is permtt-ed to be passed over to another of said plurality of
processors bélonging to a cluster differeé frdeplaeement Shgehg 1 Maal 996ne
of said plurality of processors or in a cluster restricted node, in which a

processor capabl e3,0f pasal AgirtetRhcd nRFRKS abrdihg o] Chiriay iwlgrdif aaidst ar t ed
by one of said plurality of processors is |imted to another of said

plurality of pro § ' agl ng to
said one of sai dcﬁégg?’?%?pgﬁg%ra%cgegtggrfg &%@{‘%?ﬁgm ﬁfa ﬁ%vg?%*
processors process f.he access.request,.in accordance wiih.the nod
desi gnat ed by oo by Techrtoeenars belolighe tor drd it it Balnuted o ke , y; o
controller according to Claim6_further conprising. processor designation
i nfor mati on proviwadon siep ok gonfirming theporr-existence) 8f agahte berrrognssrdessor s
whi ch can execute the processing of the access request. 8. A di sk
control | er accor dbyndhe pracessors belongingeto saidmlustérnty ba maintained) add\d ce f or
accepting a program version-up

storing step for storing the new program in a local memory of each of

the processors belonging to said clusters. to be maintained.

3. A maintenance method according to Claim 1 further comprising
the step of:

repeating said selection step, said version-up step and said
execution step sequentially for all clusters.
4. A maintenance method according to Claim 3 further comprising
the step of: |

setting the cluster mode to said cluster non-restricted
mode after the programs of the processors of all clusters have been
versioned up.
5. A maintenance method according to Claim 1 further comprising
the step of: |

executing a job by the processors belonging to the clusters
other than the selected clusters in said cluster restricted mode in parallel
to said version-up step. |
6. A disk controller connected between a host computer and a disk

drive comprising:

REPLACEMENT SHEET .




command from an operator; - 28- Repl acenent Sheet cont r ol
means for controlling said execution cluster indicati ommmg[wiﬁﬁﬂ 'ﬁt e .
the cluster restricted node in accordance with the program Vv worTgups
command accepted by said term nal device; and version-up neans for

sel ecting one of -sai.d plurality of clust@fs, sReplacenment Bhesgt vdMayntP

the access request.in the processors belonging to the selected cluster and

versioning up prograns to Wpﬁ%ﬁﬁ??@ﬂp@éc&é&?s RaSH DefoRgigh @ Wigi 6P at 0 t he
selected cluster. 9. A disk controller according to Caim8

9
sel ec ter. i sk aims
i ve: sai d pl ur PGt Rpdssedlingl kgt fr saolihg Ol fenidipec! € € X

drive; said plur Ssors 1 nc ng a

processors for controlling the data trangf.er between said nmenory and said
host conputer andayd %‘@EGH%PB’F{JPB&SW ‘{5’?“ B%@?Eors for controlling

execution cluster indication means for indication whether
processing for an access request of said disk drive issued from said host
computer is to be executed in a cluster non-restricted mode, in which
processing of a job having been started by one of said plurality of-
processors is permitted to be passed over to another of said plurality of
processors belonging to a cluster different from that belonging to said
one of said plurality of processors or in a cluster restricted mode, in
which a processor capable of passing over processing of a job having
been started by one of said plurality of processors is limited to another
of said plurality of processors belonging to a cluster same as that
belonging to said one of said plurality ‘of processors, wherein

said plurality of processors: prdcess the access request in
accordance with the mode designated by said execution cluster
indication means.
7. A disk controller according to Claim 6 further comprising:

proceésér designation information provided for each
access request to designate the processors which can execute the
processing of the access @mﬂ.
8. A disk controller according to Claim 7 further comprising:

a terminal device for accepting a program version-up

command from an operator;
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the data.transfer between said nenory and said disk drive

di sk controller according to Caim9 wherein each of sai almﬂHHmlnlmwllutms
at | east one-of.said first processors and at | east one of said secends =
processors. 11. . A di sk controller according to Caim 10 further
conprising: ¢luster .combination infornat28 forReplacement $heetorbMan 198601
clusters to which the processors which can distributedly process a job

bel ong; -29- sai d proceséstiti] emednss €bi icogtroMihgr sEd i exechtion ddastanat i ng

t he processors which can distributedly process the job to be executed by

[t oun processorisyafGt MEARDS ifidle M CubleP FERIE Oﬂfﬁ?‘g?ﬁgﬁ*nﬂ{aﬁ?ﬁ"pmcessor

I nformation. 12. program version-up net t
system for distributedl rocessd ng_a job among.a, pluralit f, processors
ehch having a | ocHith FisappBreft FerSiofhe bomiierdochue By Mift estafuel eicd <o

and

version-up means for selecting one of said plurality of
clusters, suspending the processing of the access request in the
Pprocessors belonging to the selected cluster and versioning up programs
to be executed by the processors belonging to the selected cluster.
9. A disk controller according to Claim 8 further comprising:

a memory for storing a copy of data stored in said disk |
drive;

said plurality of processors including a first plurality of
‘processors for controlling the data transfer between said memory and -
said host computer and a second plurality of proc;essors for controlling
the data transfer between said memory and said disk drive.
10. A disk controller according to Claim 9 wherein each of
said clusters includes at least one of said first processors and at least one
of said second processors.
11. A disk controller according to Claim 10 further comprising:

cluster 'conibination information for indicating a
combination of clusters to which the processors which can distributedly

process a job belong;

R
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of: (a) dividing the processors into a plurality of clusteygs | iiuiw
a cluster node froma cluster non-restricted node, .in whi cgmmnmﬂml\uﬂm
j ob having-.been started by one of said plurality of proces Scl SL per msttéd
to be passed over to-another of said plurality of processors belonging to a
cluster different” fromthat bel onging to-2% d oReplateswnt Shieetal 7 Mayfl 996
processors, to a cluster restricted node, in which a processor .capabl e of
passi ng over processing of a job having been started by one of said
plurality of processors is limted to another of said plurality of

Cai d plural ity of processor Shd (EbecSBHE ot bhihe WARRNAO R esRRANC 0], ||
by the_ proceasor s HrPrbHBRarE it FrEPURED AP Tas GRS SRk e
stored in the |l ocal nenories of the processors belonging to the selected
cluster by new prB§r@ws; processor in accordance with said processor designation
information.
12. A program version-up method for a multi-processor
system for distributedly pfocessing a job among a plurality of processors
each having a local memory for storing a program, comprising the steps
of:
(a) dividing the processors into a pluralify of clusters;
(b) shifting a cluster mode from a cluster non-restricted
mode, in which processing of a job having been started by one of said
plurality of processors is permitted to be passed over to another of said
plurality of processors belonging to a cluster different from that
belonging to said one of said plurality of processors, to a cluster
restricted mode, in which a processor capable of passing over processing |
of a job having been started by one of said plurality of processors is
limited to another of said plurality of processors belonging to a cluster
same as that belonging to said one of said plurality of processors;
© selécting one cluster from the plurality of clusters as
a selected cluster and stopping the acceptance of a new job by the
processors in the sélected cluster;
(d) versioning up programs stored in the local memories

of the processors belonging to the selected cluster by new programs;
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-30- (e), resum ng the acceptance of new job by the pro f [ to
the selected cluster after the conpletion of the wversi HWEMWl mm”m :
prograns; (f.) r.epeating said steps (c) to (e) sequentialiycfor the s

plurality of clusters; and (g) returning the cluster node_from clu r
restricted nbde to the cluster non-restri3fted Reglacement Sheet - s%ﬁl’obi%&

‘versi on-up nethod according to Claim 12 wherein said step (c) includes a
'step for confirmng that there is no job which is being executed in the
cluster non-restricted node. 14. A program version-up net hod

fhat. there 15 no Job To be o e et B Y et o the
sel ected cluster ‘belonging to the sclected cluster after the completion of the version-up
of the programs;
(f) repeating said steps (c) to (e) sequentially for the
plurality of clMs; and
(g) returning the cluster mode from the cluster restricted
mode to the cluster non-restricted mode.
13. A program version-up method according to Claim 12
wherein said step (c) includes a step for confirming that there is no job
which is being executed in the cluster non-restricted mode.
14. A progfam version-up method according to Claim 13
wherein said step (d) includes a step for confirming that there is no job

. to be processed by the processors belonging to the selected cluster.
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