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SYSTEM FOR MULTI-VOLUME, WRITE-BEHIND 
DATA STORAGE IN A DISTRIBUTED 

PROCESSING SYSTEM 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application contains subject matter Which is 
related to the subject matter of the following applications, 
each of Which is assigned to the same assignee as this 
application and ?led on the same day as this application. 
Each of the beloW-listed applications is hereby incorporated 
herein by reference in its entirety: 

[0002] “METHOD FOR MULTI-VOLUME, WRITE-BE 
HIND DATA STORAGE INADISTRIBUTED PROCESS 
ING SYSTEM,” by Cadden et al., Ser. No. ; and 

[0003] “MULTI-VOLUME, WRITE-BEHIND DATA 
STORAGE IN A DISTRIBUTED PROCESSING SYS 
TEM,” by Cadden et al., Ser. No. . 

TECHNICAL FIELD 

[0004] The present invention relates to mass storage of 
computer systems. More particularly, the invention relates to 
a Write-behind enablement process Which alloWs Writing of 
data to multiple volumes of storage media associated With 
one or more server nodes in a distributed processing envi 
ronment. 

BACKGROUND OF THE INVENTION 

[0005] In a distributed client/server storage environment, 
a client process Will send data for storage to a remote server 
node, Which Writes the data to the actual storage medium. 
The ability to Write data to remote storage medium alloWs an 
application program to use hardWare that is associated With 
processors other than the one the application program is 
running on. The sharing of hardWare resources in this Way 
is a main advantage of a distributed computing environment. 
In order to improve performance Within such an environ 
ment, it is desirable that the client program Write several 
blocks of data to the server node for storage before reading 
a response from the server node to see if the transferred 
blocks of data have been Written correctly. This technique of 
Writing to the server node multiple blocks of data before 
con?rming at a predetermined interval that the data has been 
correctly Written is referred to as a “Write-behind” function. 
With this function, communication overhead and delays 
betWeen the client and server are minimiZed. 

[0006] One dif?culty With the Write-behind process occurs 
because the client node does not continually check for status 
after sending each block of data. It Will not be noti?ed that 
the storage medium is full until the predetermined number of 
blocks have been sent to the server. Thus, the client node 
may only be noti?ed of an end of volume condition after it 
has sent several additional blocks of data folloWing the ?rst 
block of data that Would not ?t in the storage medium. 

[0007] One Way that previous products have handled this 
problem is to require the client program to knoW the siZe of 
the storage medium before Writing to it. As the client Writes 
blocks of data to the storage medium, it knoWs that after a 
pre-speci?ed number of blocks it must stop Writing, and 
transition to a neW storage medium. By doing this, the client 
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never sends eXtra blocks to the server that cannot be Written 
to the eXisting medium, and the problem is avoided. 

[0008] There are tWo penalties for requiring the client to 
knoW the siZe of the storage media ahead of time. The ?rst 
is that it is inconvenient to the programmer Who must 
specify the storage medium siZe. The second is that in order 
to be safe, the maXimum number of blocks is often not 
Written to the storage medium. Thus, part of each storage 
medium may go unused. 

[0009] In vieW of the above, a different approach to data 
transfer interfacing of the client and server nodes is desired. 

DISCLOSURE OF THE INVENTION 

[0010] Brie?y summariZed, in a ?rst aspect a distributed 
processing system is presented Which has multiple proces 
sors. One processor is designated a client node and one or 
more other processors each comprise a server node. The 
server node has at least one storage medium associated 
thereWith. The client node is adapted to Write blocks of data 
from a client process running thereon to a ?rst storage 
medium of a ?rst server node of the distributed processing 
system. The Writing continues until a physical end of storage 
is reached for the ?rst storage medium, and the physical end 
of storage is reached Without the siZe of the ?rst storage 
medium having been predetermined. The client node and the 
?rst server node are adapted to sWitch betWeen blocks of 
data from the ?rst storage medium to a second storage 
medium of a second server node of the distributed process 
ing system, Wherein the sWitching is transparent to the client 
process of the client node. Further, the Writing of blocks of 
data from the client node to the ?rst storage medium 
comprises a Write-behind operation, and the ?rst server node 
periodically noti?es the client node Whether previously 
received blocks of data have been correctly Written to the 
?rst storage medium. 

[0011] In another aspect, a distributed processing system 
is presented Wherein multiple processors are coupled 
together, one processor comprising a client node and one or 
more other processors each comprising a server node. Each 
server node has at least one storage medium associated 
thereWith. The client node is adapted to Write blocks of data 
from a client process of the client node to a ?rst storage 
medium of the at least one storage medium associated With 
a ?rst server node of the distributed processing system. The 
Writing continues until a physical end of the ?rst storage 
medium is reached, Wherein the physical end of the storage 
medium is reached Without having predetermined a siZe of 
the ?rst storage medium. The system further includes means 
for sWitching the Writing of blocks of data to a second 
storage medium after reaching the physical end of the ?rst 
storage medium. The second storage medium is either 
associated With the ?rst server node or is associated With a 
second server node of the system. The Writing of blocks of 
data to the ?rst storage medium comprises a Write-behind 
operation Wherein the ?rst server periodically noti?es the 
client node Whether previously received blocks of data have 
been correctly Written to the ?rst storage medium. The client 
node is adapted to ascertain for the client process hoW many 
blocks of data Were Written to the ?rst storage medium. 

[0012] In a still further aspect, a distributed processing 
system is presented Wherein multiple processors are coupled 
together. One processor comprises a client node and one or 
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more other processors comprise server nodes. Each server 
node has at least one storage medium associated thereWith. 
The client node is adapted for Writing blocks of data from a 
client process to a ?rst storage medium associated With a 
?rst server node of the system. The Writing continues until 
a physical end of the ?rst storage medium is reached. The 
physical end of the ?rst storage medium is reached Without 
having predetermined a siZe of available storage in the ?rst 
storage medium. The system also includes means for Writing 
a header label to a second storage medium When the end of 
the ?rst storage medium is reached. The second storage 
medium comprises a storage medium associated With the 
?rst server node or a storage medium associated With a 
second server node of the system. Means for sWitching is 
provided for sWitching the Writing of blocks of data to the 
second storage medium after the physical end of the ?rst 
storage medium is reached. The Writing of blocks of data to 
the ?rst storage medium comprises a Write-behind operation 
Wherein the ?rst server node periodically noti?es the client 
node Whether previously received blocks of data have been 
Written correctly to the ?rst storage medium. 

[0013] The concepts presented herein produce numerous 
advantages over conventional client/server interfacing for a 
Write-behind process in a distributed processing environ 
ment. First, enhanced ?exibility is provided by alloWing the 
client application to store blocks of data to storage media 
associated With different processors Within the distributed 
environment. Thus, a client application may sWitch Writing 
blocks of data from a ?rst tape mounted on a ?rst drive on 
a ?rst processor to a second tape mounted on a second drive 
of a second processor in the distributed processing system. 
Further, With an application programming interface as 
described herein, it is possible for client programs to track 
eXactly hoW many blocks of data have been Written to each 
storage medium so that future access to a speci?c block of 
data on a speci?c storage medium is possible. Advanta 
geously, enhanced ?exibility is provided herein to the client 
application for the client program to Write its oWn headers. 
The multi-volume data transfer process disclosed herein 
alloWs a client process to use the full capacity of the storage 
medium in a multiple tape volume backup Without requiring 
prior knoWledge on the siZe of each tape When Writing the 
blocks of data. Thus, the present invention provides better 
storage performance Within a distributed tape environment. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] The above-described objects, advantages and fea 
tures of the present invention, as Well as others, Will be more 
readily understood from the folloWing detailed description 
of certain preferred embodiments of the invention, When 
considered in conjunction With the accompanying draWings 
in Which: 

[0015] FIG. 1 is a schematic diagram of a distributed data 
processing system usable With the present invention; 

[0016] FIG. 2 is a simpli?ed block diagram of a distrib 
uted processing system incorporating data storage concepts 
in accordance With the present invention; 

[0017] FIG. 3 is a diagram of “Write-behind” data trans 
fers betWeen a client program on a client node and a server 

program on a server node in the distributed system of FIG. 
2, Wherein the server program con?rms to the client program 
the correct Writing of blocks of data to the storage medium 
every n data blocks; 
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[0018] FIG. 4 is a diagram of data transfers occurring 
When a physical end of the storage medium receiving the 
blocks of data is reached and con?rmation of correct Writing 
of each block of data has been sent from the server to the 

client; 
[0019] FIG. 5 is a diagram of “Write-behind” data trans 
fers occurring betWeen the client program and the server 
program, With an end of physical storage medium being 
reached after Writing data block m; 

[0020] FIG. 6 is a diagram of “Write-behind” data trans 
fers occurring betWeen the client program and server pro 
gram, shoWing a sWitch in Writing from a ?rst storage 
medium on a ?rst server node to a second storage medium 

on a second server node; 

[0021] FIG. 7 is a diagram of “Write-behind” data trans 
fers occurring betWeen the client program and the server 
program, Wherein data blocks m+1 through m+X transferred 
from the client program to the server program are returned 
unWritten after the server has noted that the present storage 
medium is full; 

[0022] FIG. 8 is a diagram of a client program starting the 
neW server to enable the sWitching of Writing of blocks of 
data from a full storage medium to a neW storage medium 
associated With the neW server; 

[0023] FIG. 9 is a diagram of the client program Writing 
labels to the server program for storage prior to Writing 
blocks of data to a storage medium in accordance With the 
present invention; 
[0024] FIG. 10 is a diagram of “Write-behind” data trans 
fers occurring betWeen a client program and a neW server 
program for Writing previously returned data blocks to the 
neW storage medium associated With the neW server node in 
accordance With the present invention; 

[0025] FIG. 11 is a diagram of “Write-behind” data trans 
fers betWeen the client and neW server shoWing Writing of 
data blocks m+X+1 . . . , after returned data blocks m+1 

through m+X have been Written by the client node to the neW 
storage medium in accordance With the present invention; 

[0026] FIG. 12 is a ?oWchart of one embodiment of client 
processing for multi-volume, “Write-behind” data transfers 
in accordance With the principles of the present invention; 

[0027] FIG. 13 is a ?oWchart of one embodiment of the 
client Application Programming Interface (API client) and 
server data transfers/processings for an API open call from 
the client node to the server node in accordance With the 
present invention; 

[0028] FIG. 14 is a ?oWchart of one embodiment of an 
API Write call by the client node to the server node in 
accordance With the present invention; 

[0029] FIG. 15 is a ?oWchart of one embodiment of a 
“QueryWriteBuffer” API call by the client node to the server 
node in accordance With the present invention; 

[0030] FIG. 16 is a ?oWchart of one embodiment of a 
“FlushWriteBuffer” API call by the client node to the server 
node in accordance With the present invention; and 

[0031] FIG. 17 is a ?oWchart of one embodiment of an 
API close call by the client node to the server node in 
accordance With the present invention. 
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BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0032] FIG. 1 is a schematic diagram of a distributed 
computer system 100 useable With the present invention. 
The distributed computer system 100 may be an IBM RISC 
System/6000 Scalable POWERparallel Systems (SP) dis 
tributed computer system available from International Busi 
ness Machines Corporation of Armonk, NY. The embodi 
ment disclosed in FIG. 1 is an SP computer having a total 
of 8 frames, With each frame having up to 16 nodes, for a 
total of 128 nodes. All of the nodes 106 are joined by a local 
area netWork 102. Each node 106 is a computer itself, 
and may be a RISC System/6000 Workstation, as is Well 
knoWn by those skilled in the art. 

[0033] All of the nodes in a frame of the SP computer 100 
are included in a LAN segment Which is joined by the other 
LAN segments through LAN gates 104. Also connected to 
the LAN 102, is a control Workstation (CWS) 112 Which 
controls operation of the SP computer 100. The control 
Workstation has a direct access storage device (DASD) 114 
referred to as the System Shared Disk on Which is stored the 
system data repository (SDR) ?les. The SDR ?les include 
such information as a list of nodes that are in the system and 
their con?guration, and includes resources and object de? 
nitions for each of the nodes 106. Each node 106 also 
includes a DASD device 107 for storing data processed by 
the SP computer 100. 

[0034] In one embodiment, the nodes in each frame are 
also connected to an IBM Scalable POWERparallel sWitch 
(SPS) 105. Each of the SPS sWitches 105 of each frame is 
connected to neighboring SPS sWitches 105 of other frames 
by a bus 110. 

[0035] As is Well understood in the art, the CWS node 112 
sends system data and control signals to the frames of the SP 
computer 100 by means of the LAN 102 While messages and 
data may be sent from one to another of the nodes 106 by 
means of the high performance sWitches 105. 

[0036] FIG. 2 depicts a simpli?ed diagram of a distributed 
computer system 200 usable With the present invention. 
System 200 includes multiple processors, each of Which 
may comprise an IBM RISC System/6000 Scalable POW 
ERparallel Systems (SP) as referenced above in connection 
With FIG. 1. In this eXample, one processor comprises a 
client node 210 (node A), and tWo other processors comprise 
server nodes 220 & 230 (nodes B & C). Node A 210 
communicates With node B 220 and node C 230 across a 
netWork 215 as described above. A client program runs on 
client node 210. The client program, Which is also referred 
to as the client process, client application or user application, 
employs an application programming interface (API) 225 
for Writing blocks of data into storage media 240 associated 
With server node B 220 and/or storage media 250 associated 
With server node C 230. 

[0037] Each storage media 240 & 250 may comprise one 
or more storage medium. EXamples of storage medium or 
devices usable With this invention include magnetic-tape 
units, direct-access storage devices (DASD), optical disks, 
printers, teleprocessing devices, communication controllers 
and sensor-based equipment, including optical devices. A 
preferred embodiment of the invention is described herein in 
relation to a particular storage device, i.e., magnetic-tape 
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storage; hoWever, it Will be apparent to one of ordinary skill 
in the art that the invention is also applicable to the other 
storage devices noted. In the embodiment shoWn, storage 
media 240 includes a ?rst tape drive and storage media 250 
includes a second tape drive. 

[0038] As brie?y noted above, the present invention is 
directed to handling multiple volume tape data transfers in 
a distributed environment such as depicted in FIGS. 1 & 2, 
Where a “Write-behind” process is employed to Write the 
storage volumes. Numerous dif?culties With implementing 
this process are ?rst identi?ed beloW, then solved pursuant 
to the present invention. 

[0039] Continuing to reference FIG. 2, the client program 
Within client node A sends blocks of data for storage to a 
remote tape server, e.g., the server program of server node 
B 220. The tape server then Writes the actual tape, i.e., 
storage media 240, With the blocks of data. In order to 
improve performance, it is desirable that the client program 
Write several blocks to the server before reading a response 
from the server to see if the blocks have been Written 
correctly. As noted, the technique is referred to in the art as 
“Write-behind” processing. 

[0040] FIG. 3 depicts an eXample of the data transfers 
betWeen the client program and the server program in a 
properly operating Write-behind process. Multiple blocks of 
data (block 1 . . . block n) are forWarded from the client 
program to the server program, Which periodically responds 
With a read response back to the client program. The ?rst 
read response comprises an indication of Whether block 1 . 
. . block n of data have been correctly Written to the tape. 
Assuming that the blocks of data have been correctly 
Written, the process continues With the neXt n blocks of data 
(blocks n+1 . . . 211), after Which a neXt read response is 
returned from the server program to the client program. 

[0041] In a multi-volume storage implementation, When a 
tape becomes full, the server program must recogniZe the 
end of tape condition and respond to the client program by 
indicating that one or more received blocks of data could not 
be Written. In one eXample, the client program must then tell 
the server program to mount a neW tape (i.e., initiate a neW 
storage medium), after Which the client program must 
resend the blocks of data that could not be Written to the 
server program for Writing to the neW tape, along With any 
remaining blocks of data. This process must be repeated 
each time a tape becomes full. Conventionally, loss of blocks 
of data has been avoided in a multi-volume implementation 
by predetermining the siZe of the tape and terminating 
transfer of data from the client node to the server node 
commensurate With reaching the end of tape. 

[0042] FIG. 4 presents a diagram of an ideal end of tape 
process. After sending block m, the server program responds 
to the client program by indicating that the storage tape is 
full either prior to or partially through block In The client 
program instructs the server program to sWitch to a neW 
tape, i.e., assuming multiple storage tapes are available at 
the designated server node. The server program returns a 
response to the client program con?rming the sWitch to the 
neW tape and the block of data m is re-transmitted along With 
any remaining blocks of data m+1 . . . 

[0043] A ?rst dif?culty appears in a Write-behind opera 
tion because the client program does not check for status 
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after sending each block of data. Thus, the client program 
may not be noti?ed of the end of tape condition until it has 
sent several blocks of data after a ?rst data block that Would 
not ?t on the current tape storage. FIG. 5 presents an 
example of this problem. Blocks m through m+1 are for 
Warded from the client program to the server program for 
storage. At some subsequent point in time, the server pro 
gram responds to the client program by indicating that the 
tape reached full upon receipt of block In The client 
program sends a command to the server program to sWitch 
to a neW tape, and the server program responds With a 
response con?rming the sWitch to the neW tape. Thereafter, 
the client program continues to send data beginning With 
block of data m+x+1. HoWever, blocks of data m+1 . . . m+x 

Would have been lost in this case and the resulting multi 
volume tape Would be missing data. 

[0044] A second difficulty, related to the ?rst problem, is 
that the client program may need to knoW exactly hoW many 
blocks of data have been Written to each storage medium or 
volume. Certain applications rely on this information to 
access speci?c blocks of data from multiple volume data 
sets. If the client node knoWs hoW many blocks of data Were 
Written to each tape, then the applications running thereon 
can read a speci?c block of data quickly by loading only the 
volume that contains the block of data to be read. Using the 
“Write-behind” process makes it more dif?cult for the client 
program to knoW exactly hoW many blocks of data have 
been Written to each volume, i.e., assuming that each volume 
siZe has not been predetermined prior to Writing the blocks 
of data. 

[0045] A third problem is identi?ed When it is considered 
that the second tape may be associated With a different tape 
drive, and that tape drive may reside on a different machine 
or server node than the ?rst tape drive (see FIG. 2). In this 
case, a neW server program must be contacted or started on 

the neW node, and all blocks of data that could not be Written 
to the ?rst tape must be sent to the neW node for Writing on 
the second tape. FIG. 6 presents an example of the data 
transfer occurring in this scenario. 

[0046] As shoWn in FIG. 6, blocks of data m . . . m+x are 

forWarded from the client program to a ?rst server program. 
Thereafter, the ?rst server program provides a response to 
the client program indicating that the ?rst tape Was full after 
receipt of block In The client program then closes the 
connection or stops the ?rst tape server and contacts or starts 
a second tape server on a neW node. A neW storage tape is 
mounted by the second server program and a response is sent 
from the second server program to the client program 
con?rming sWitching Writing of blocks of data to the second 
tape. Thereafter, blocks of data m+x+1 are forWarded from 
the client program to the second server program for Writing 
to the second tape. The error in this example, obviously, is 
a loss of blocks of data m+1 . . . m+x. Correct handling of 

data requires that these blocks of data be transferred from the 
?rst server node (e.g., server node B of FIG. 2) to the second 
server node (e.g., server node C of FIG. 2). 

[0047] Preferably, the solution to the ?rst three problems 
identi?ed above Will be packaged in an application program 
ming interface (API) so that multiple client applications can 
use common commands. The client programs call entry 
points, such as open, close, and Write in order to Write blocks 
of data to storage. This creates a fourth dif?culty hoWever. 
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Certain client programs need to Write customiZed header 
labels on the tapes commensurate With the storage of data. 

[0048] Thus, When a logical end of tape condition is 
encountered, the client program Will preferably be able to do 
the folloWing: 

[0049] 1. SWitch volumes; 

[0050] 2. Write header labels to the neW volume; 

[0051] 3. Write the blocks that previously couldn’t be 
Written to the current volume to the neW volume; and 

[0052] 4. Continue Writing to the neW tape from the 
point at Which the logical end of the prior volume 
Was encountered. 

[0053] To summariZe, the present invention is directed to 
handling multiple volume tape data transfers in a distributed 
environment Where Write-behind processing is employed. 
Four main dif?culties in accomplishing this are identi?ed: 

[0054] 1. The client program is not noti?ed immedi 
ately When a tape is full, therefore, it may send 
several data blocks Which cannot be stored on the 
receiving tape before the client program is noti?ed of 
the end of tape condition; 

[0055] 2. The client program must be able to ?nd out 
hoW many blocks of data have been Written to each 
tape; 

[0056] 3. The next volume of a multi-volume ?le may 
need to be Written on a different machine than the 

preceding volume; and 

[0057] 4. A program calling an API that handles the 
?rst three difficulties may Want to Write its oWn 
header label(s) to the next volume. 

[0058] The solution presented herein addresses each of 
these problems. Note that the invention assumes that Writing 
of blocks of data to the ?rst tape is performed Without any 
intelligence to predetermine the siZe of the storage medium 
and thereby anticipate termination of Writing upon reaching 
end of tape. With the exception of label Writing, the end of 
tape processing and data handling presented herein is pref 
erably transparent to the client program. 

[0059] One embodiment of a general process How in 
accordance With the principles of the present invention is 
?rst outlined and then described in greater detail beloW. As 
an overvieW, processing in accordance With the present 
invention includes: 

[0060] 1. A client program calling a tape API open 
function (discussed beloW) to open a ?le; 

[0061] 2. The client program then calls a tape API 
Write function (discussed beloW) to Write blocks of 
data to the tape; 

[0062] 3. When the end of tape condition is detected 
at the server program, the server sets a ?ag to 
indicate that all blocks of data received from this 
point on should be sent back to the client program. 
This Will cause the data transfer ?oW depicted in 
FIG. 7. The ?gure assumes that end of tape is 
reached after block In Upon indicating to the client 
program that the tape is full after block m, the server 
program returns unWritten data blocks m+1 . . . m+x; 
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[0063] 4. The tape API Write call returns a value to 
the calling program that indicates an end of volume 
condition has occurred; 

[0064] 5. The client program receives the unWritten 
blocks that the server program returns to it and 
buffers them in a “Write-behind buffer” so that the 
data blocks can be Written to a neXt tape; 

[0065] 6. The calling program then calls the tape API 
close (discussed beloW) and open functions to sWitch 
to a neW volume. If the neW volume resides on 

another machine (i.e., a different processor or node), 
this Will cause a neW tape server to be contacted or 
started as depicted in FIG. 8; 

[0066] 7. If the calling program is Writing its oWn 
header labels, then the calling program calls the tape 
API Write function to Write the header labels for the 
neW tape as shoWn in FIG. 9; 

[0067] 8. The client program noW calls the tape API 
“FlushWriteBuffer” function (discussed beloW) to 
“?ush” the unWritten data blocks in the Write-behind 
buffer (that Were received from the server program in 
step 4). As shoWn in FIG. 10, these “?ushed” blocks 
of data (i.e., data blocks m+1 . . . m+X) are forWarded 
from the client program to, for example, the neW 
server program; and 

[0068] 9. As shoWn in FIG. 11, data transfer contin 
ues as normal from this point forWard until all blocks 
of data have been Written to the neW tape or an end 
of tape condition is reached at the neW tape, after 
Which the process outlined above Would repeat. 

[0069] FIG. 12 is a ?oWchart of one embodiment of client 
program processing in accordance With the principles of the 
present invention. Note that one embodiment for allocating 
a tape device, opening and closing a tape ?le and Writing 
data to tape is available from an International Business 
Machines Corporation publication entitled “IBM Network 
Tape Access and Control System for AIX and IBM NetTape 
Tape Library Connections User’s Guide and Reference”, 
Release 1.1, Fourth Edition (August, 1996) (http:// 
WWW.rs6000.ibm.com/resource/aiX_resource/sp_books/net 
tape/indeX.html), and International Business Machines Cor 
poration publication entitled “IBM Network Tape Access 
and Control System for AIX and IBM NetTape Tape Library 
Connections User’s Guide and Reference”, Release 1.2, 
Fifth Edition (August, 1997) (http://WWW.rs6000.ibm.com/ 
softWare/app?nder/ datamanagement.html), the entirety of 
both of Which are hereby incorporated herein by reference. 

[0070] As shoWn in FIG. 12, processing begins by the 
client program calling the API “open function” to start the 
server and mount a tape 310, Which in actuality comprises 
tWo API functions. In particular, API “allocate” Will start the 
server if it has not been started and Will mount the tape, 
While API “open” Will open the tape for Writing of data 
thereto. One embodiment of this combined API “open 
function” is depicted in FIG. 13. Initially, the API client 
determines Whether the server is running 500. If “no”, then 
the server is started 510 and connection betWeen the client 
and server is con?rmed 520 & 530. If the server is already 
running, then the API client proceeds to send an open 
command 540 to the server. The open command is received 
at the server 550 and tape storage is mounted and opened 
560. Results of this process are then returned 570 to the API 
client Which reads the results 580. Upon con?rming the 
opening of the tape storage, the API client returns to point 
of call 590. 
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[0071] Returning to FIG. 12, after starting the server and 
mounting the tape, the client program calls the API Write 
function to Write a tape label 320, after Which inquiry is 
made Whether there are more blocks of data to be Written 
330. If “yes”, then the API Write function is called to Write 
the ?rst/next block of data to the tape 340. After Writing to 
the tape, processing inquires Whether the tape is full 360. If 
the tape is not full and there are more blocks of data to be 
Written, then the client program continues in a loop to call 
the API Write function and sequentially Write the multiple 
blocks of data to the tape. Once there are no more blocks, 
then the API close function is called to close and unmount 
the tape 350. 

[0072] FIG. 14 presents one embodiment of API and 
server Write processing. The API Write command sends a 
?rst/next block of data to the server 600. The block of data 
is received at the server from the client 605 and the server 
program determines Whether the data block should be saved 
615. Data blocks should be saved if they cannot currently be 
Written to tape. If “no”, then the block of data is Written to 
the tape 625, after Which the server determines Whether the 
tape is full 635. If the tape is full, then a ?ag is set to indicate 
that all future received blocks of data should be saved for 
return 645. Once the ?ag is set, processing proceeds (from 
inquiry 615) to save the block of data 655. 

[0073] The server process neXt determines Whether it is 
time to send a reply to the API client 665. If “no”, then the 
Write process is complete 675. OtherWise, a reply is sent to 
the API client 685. Returning to the API client, after sending 
a block of data, the API client determines Whether it is time 
to receive a reply 620. If “no”, then the process returns to 
point of call 670. Assuming that a reply is to be received, 
then the API client receives the reply from the server 630. 

[0074] At the server, after sending the reply, the server 
determines Whether there are blocks of data saved that need 
to be returned to the API client 695. If “no”, processing is 
complete 705. In parallel, the API client is determining 
Whether there are saved blocks at the server Which need to 
be returned to the client 640. If there are blocks saved at the 
server that are to be returned to the client, then a ?rst/next 
block is sent from the server to the API client 715. The 
server then determines Whether there are additional saved 
blocks of data 725 and if “yes”, the server continues in the 
loop until all data blocks have been sent. In parallel, the API 
client receives the ?rst/next block 650 from the server and 
inquires Whether there are additional data blocks saved at the 
server 660. If “yes”, the API client continues in a receive 
loop until all data blocks have been received, after Which 
return is made to the point of call 670. At the server, once all 
data blocks have been forWarded to the API client, the save 
?ag is reset so that future blocks of data Will be Written to 
tape 735. 

[0075] One embodiment of the API “close function” is 
depicted in FIG. 17. This “close function” comprises tWo 
actual API functions, namely, “close” Which closes the tape 
to further Writing of data, and “unallocate” Which unmounts 
the tape. As shoWn, a command to close 900 is sent from the 
client API to the server node Which receives the close 
command 910 and closes the ?le, Which may, for eXample, 
include unmounting the tape if magnetic tape storage is 
employed 920. Con?rmation of the closing of the ?le is then 
sent 930 from the server program back to the API client 
Which receives the response 940, and thereafter returns to 
point of call 950. 

[0076] Returning to FIG. 12, assuming that a physical end 
of tape is reached Without Writing all blocks of data to the 
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tape, then processing calls an API “QueryWriteBuffer” 
function to ?nd out hoW many blocks have been sent back 
from the server program to the client program 370. Again, 
the blocks of data returned to the client program are held in 
a Write-behind buffer. The API “QueryWriteBuffer” function 
is a neW interface call in accordance With the present 
invention Which alloWs, for example, the client program to 
determine hoW many blocks have been Written to each tape, 
and to Write header information at the start of each tape as 
described beloW. With the server Write-behind feature 
enabled, applications can use the “QueryWriteBuffer” inter 
face call to query the number of remaining Write-behind 
buffers Which didn’t get Written to the current tape When the 
tape server encounters an end of tape situation. Applications 
can calculate the number of blocks Written to the current tape 
using the folloWing formula: 

actual number of 

data blocks 

Written to the 

current tape 

cumulated number return value of 4 
4 “Query Write Buffer" 

the of data blocks Written — 4 
4 4 interface call 

since opening the current tape 

[0077] FIG. 15 presents one embodiment of the API 
“QueryWriteBuffer” function process. Again, this process is 
called after reaching the physical end of tape of a ?rst 
storage medium, Where blocks of data have been returned to 
the client node and are currently being held in the Write 
behind buffer. The client API determines hoW many blocks 
have been sent from the server to the client using one or 
more conventional counters or count mechanisms. After 
determining the number of data blocks, the process returns 
810 to point of call. 

[0078] Subsequent to determining hoW many blocks of 
data have been returned to the client program, the client 
process calls the API close function to close and unmount 
the current tape 380. The API close function could be 
implemented as depicted in FIG. 17, and described above. 

[0079] Continuing With FIG. 12, after closing the current 
tape, the API open function is called by the client process 
390. If desired, a neW server program can be started on a neW 
processor of the distributed processing system, Where a neW 
tape is mounted for receiving blocks of data from the client 
program. Note that the same process described herein can be 
used to sWitch betWeen any number of additional tapes and 
the claims presented are intended to encompass any such 
implementation. The sWitching to a neW processor, i.e., a 
neW server node, is optional and based upon the amount of 
tape storage available at the ?rst server node. Assuming that 
the ?rst server node has multiple tapes, then as noted, 
sWitching can occur betWeen tapes Without changing the 
server node. 

[0080] After Writing a label to the neW tape, the API client 
calls the “FlushWriteBuffer” function to send the unWritten 
blocks (that Were received into the Write-behind buffer from 
the ?rst server process) to the current server Where they Will 
be Written to the neW tape 410. FIG. 16 depicts one 
embodiment of the “FlushWriteBuffer” function. As shoWn, 
the API client initially determines Whether there is a block 
of data in the return buffer 820. If so, then the next block of 
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data is forWarded 830 to the neW server process Where it is 
received 840. The received block of data is Written to the 
neW tape 850. After all blocks of data have been Written to 
the neW tape, return is made to point of call 860. After 
completing the API “FlushWriteBuffer” function, process 
ing (of FIG. 12) returns to inquire Whether there are any 
more blocks to Write to tape 330. 

[0081] As noted, the “QueryWriteBuffer” and “Flush 
WriteBuffer” functions alloW a calling program to determine 
hoW many blocks have been Written to each tape, and to 
Write returned data blocks to a neW tape after sWitching 
tapes. If an application needs to Write its oWn header 
information at the beginning of a tape volume, it can de?ne 
the con?gurable options Within the tape client con?guration 
?le as: 

client.Wbh yes 
clientflush no 

[0082] If the “client.?ush” option is set to “no”, the tape 
server Will not Write the remaining Write-behind buffers to 
the beginning of the next tape volume until the application 
calls the “FlushWriteBuffer” function. With the neW “Flush 
WriteBuffer” interface call, after the volume sWitch event 
has occurred, the application can Write its oWn header 
information to the beginning of the tape and then invoke the 
“FlushWriteBuffer” interface call to Write the remaining 
Write-behind buffers before continuing With the normal Write 
operation. If the “QueryWriteBuffer” call is successful, the 
call returns the number of blocks of data in the Write-behind 
buffers of the device. OtherWise, it returns an error condi 
tion. To use the “FlushWriteBuffer” function, the tape server 
Write-behind feature must be enabled Without automatic 
buffer ?ushing. This can be done by specifying the folloWing 
key Words in the tape client con?guration ?le: 

client.Wbh yes 
clientflush no 

[0083] If the call is successful, the value “0” is returned. 
OtherWise, an error condition code is generated. 

[0084] The present invention can be included, for 
example, in an article of manufacture (e.g., one or more 
computer program products) having, for instance, computer 
usable media. This media has embodied therein, for 
instance, computer readable program code means for pro 
viding and facilitating the capabilities of the present inven 
tion. The articles of manufacture can be included as part of 
the computer system or sold separately. 

[0085] Additionally, at least one program storage device 
readable by machine, tangibly embodying at least one pro 
gram of instructions executable by the machine, to perform 
the capabilities of the present invention, can be provided. 

[0086] The How diagrams depicted herein are provided by 
Way of example. There may be variations to these diagrams 
or the steps (or operations) described herein Without depart 
ing from the spirit of the invention. For instance, in certain 
cases, the steps may be performed in differing order, or steps 
may be added, deleted or modi?ed. All of these variations 
are considered to comprise part of the present invention as 
recited in the appended claims. 
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[0087] While the invention has been described in detail 
herein in accordance With certain preferred embodiments 
thereof, many modi?cations and changes therein may be 
effected by those skilled in the art. Accordingly, it is 
intended by the appended claims to cover all such modi? 
cations and changes as fall Within the true spirit and scope 
of the invention. 

What is claimed is: 
1. A distributed processing system comprising: 

multiple processors, one processor comprising a client 
node and one or more other processors each comprising 
a server node; 

each server node having at least one storage medium 
associated thereWith; 

means for Writing blocks of data from a client process of 
said client node to a ?rst storage medium of a ?rst 
server node of the distributed processing system, 
Wherein said Writing continues until a physical end of 
storage is reached for the ?rst storage medium, said 
physical end of storage being reached Without siZe of 
said ?rst storage medium having been determined; 

means for sWitching Writing blocks of data from said 
client node to a second storage medium of a second 
server node of the distributed processing system When 
said physical end of storage is reached for said ?rst 
storage medium, Wherein said means for sWitching 
accomplishes said sWitching Writing transparent to said 
client process of said client node; and 

Wherein said means for Writing blocks of data from said 
client process of the client node to said ?rst storage 
medium or to said second storage medium comprises 
means for Writing said blocks of data using a Write 
behind operation Wherein said ?rst server node and said 
second server node periodically notify the client node 
Whether previously received blocks of data have been 
correctly Written to the ?rst storage medium or the 
second storage medium, respectively. 

2. The system of claim 1, Wherein said means for sWitch 
ing Writing blocks of data to said second storage medium of 
said second server node comprises means for accomplishing 
said sWitching Writing blocks of data Without loss of data to 
be stored by said client process, and Wherein said system 
further comprises means for detecting said physical end of 
storage of said ?rst storage medium When Writing blocks of 
data thereto, and means for buffering at said ?rst server node 
unWritten blocks of data received subsequent to said detect 
ing of said physical end of storage of said ?rst storage 
medium, said unWritten blocks of data being buffered for 
return to said client node. 

3. The system of claim 2, further comprising means for 
returning said buffered blocks of data from the ?rst server 
node to the client node after notifying the client node that 
said physical end of storage of the ?rst storage medium has 
been reached. 

4. The system of claim 3, further comprising means for 
receiving unWritten blocks of data at said client node from 
said ?rst server node, and means for Writing thereafter said 
unWritten blocks of data from said client node to said second 
storage medium of said second server node prior to Writing 
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subsequent blocks of data from said client process of the 
client node to said second storage medium of the second 
server node. 

5. The system of claim 4, Wherein said client node 
includes an application programming interface (API) for 
coordinating said Writing of blocks of data from said client 
process to one of said ?rst storage medium and said second 
storage medium, Wherein said means for Writing said 
unWritten blocks of data from said client node to said second 
storage medium of said second server node comprises means 
for calling a prede?ned API “FlushWriteBuffer” function to 
?ush said unWritten blocks of data from said client node to 
said second storage medium of said second server node. 

6. The system of claim 1, further comprising means for 
Writing labels from said client process to said ?rst storage 
medium and said second storage medium in association With 
said Writing blocks of data from said client process to said 
?rst storage medium and said second storage medium, 
respectively, said labels identifying said blocks of data 
Written to said ?rst storage medium and said second storage 
medium. 

7. The system of claim 1, further comprising means for 
ascertaining for said client process hoW many blocks of data 
are Written to said ?rst storage medium and hoW many 
blocks of data are Written to said second storage medium. 

8. The system of claim 1, Wherein said ?rst storage 
medium and said second storage medium comprise a ?rst 
magnetic tape and a second magnetic tape, respectively, and 
Wherein said means for sWitching Writing blocks of data to 
said second magnetic tape comprises means for closing 
connection With said ?rst server node, means for establish 
ing connection With said second server node, means for 
initiating said second server node if necessary, and means 
for mounting said second magnetic tape at said second 
server node. 

9. A distributed processing system comprising: 

multiple processors coupled together, one processor com 
prising a client node and one or more other processors 
each comprising a server node; 

each server node having at least one storage medium 
associated thereWith; 

said client node being adapted to Write blocks of data from 
a client process running thereon to a ?rst storage 
medium of a ?rst server node of the distributed pro 
cessing system, said Writing continuing until a physical 
end of storage is reached for the ?rst storage medium, 
Wherein said physical end of storage is reached Without 
siZe of said ?rst storage medium having been prede 
termined; 

said client node and said ?rst server node being adapted 
to sWitch Writing blocks of data from said ?rst storage 
medium to a second storage medium of a second server 
node of the distributed processing system, Wherein said 
sWitching Writing is transparent to said client process of 
said client node; and 

Wherein said Writing blocks of data from said client node 
to said ?rst storage medium comprises a Write-behind 
operation, and said ?rst server node periodically noti 
?es the client node Whether previously received blocks 
of data have been correctly Written to said ?rst storage 
medium. 
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10. A distributed processing system comprising: 

multiple processors coupled together, one processor com 
prising a client node and one or more other processors 
each comprising a server node; 

each server node having at least one storage medium 
associated thereWith; 

means for Writing blocks of data from a client process of 
the client node to a ?rst storage medium of the at least 
one storage medium associated With a ?rst server node 
of the distributed processing system, said Writing con 
tinuing until a physical end of the ?rst storage medium 
is reached, Wherein said physical end of the ?rst storage 
medium is reached Without having predetermined a siZe 
of said ?rst storage medium; 

means for sWitching said Writing of blocks of data to a 
second storage medium after reaching said physical end 
of said ?rst storage medium, said second storage 
medium comprising one storage medium of said at least 
one storage medium associated With said ?rst server 
node or one storage medium of said at least one storage 
medium associated With a second server node of said 
distributed processing system; 

Wherein said Writing blocks of data to said ?rst storage 
medium comprises a Write-behind operation Wherein 
said ?rst server node periodically noti?es said client 
node Whether previously received blocks of data have 
been Written correctly to the ?rst storage medium; and 

means for ascertaining for said client process of said 
client node hoW many blocks of data Were Written to 
said ?rst storage medium, said means for ascertaining 
comprising means for determining after said physical 
end of said ?rst storage medium is reached hoW many 
blocks of data Were Written to said ?rst storage 
medium. 

11. The system of claim 10, Wherein said means for 
Writing blocks of data to said second storage medium 
comprises a Write-behind operation, and Wherein said means 
for ascertaining further comprises means for ascertaining for 
said client process hoW many blocks of data Were Written to 
said second storage medium. 

12. The system of claim 10, Wherein said second storage 
medium comprises one storage medium of said at least one 
storage medium associated With said second server node, 
and Wherein said means for sWitching said Writing of blocks 
of data to said second storage medium comprises means for 
accomplishing said sWitching Without loss of data from said 
client process of said client node. 

13. The system of claim 12, further comprising means for 
identifying at said ?rst server node When said ?rst storage 
medium reaches said physical end, means for buffering at 
said ?rst storage node any subsequently received, unWritten 
blocks of data, and means for returning said unWritten 
blocks of data to said client node after notifying said client 
node that said physical end of said ?rst storage medium has 
been reached. 

14. The system of claim 13, Wherein said means for 
Writing blocks of data to said second storage medium 
comprises means for initially Writing said unWritten blocks 
of data from said client node to said second storage medium. 

15. The system of claim 10, further comprising means for 
Writing a header label to said second storage medium prior 
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to said Writing of blocks of data from said client process of 
the client node to said second storage medium. 

16. A distributed processing system comprising: 

multiple processors coupled together, one processor com 
prising a client node and one or more other processors 
each comprising a server node; 

each server node having at least one storage medium 
associated thereWith; 

means for Writing blocks of data from a client process of 
the client node to a ?rst storage medium of the at least 
one storage medium associated With a ?rst server node 
of the distributed processing system, Wherein said 
means for Writing continues to Write said blocks of data 
to said ?rst storage medium until a physical end of said 
?rst storage medium is reached, said physical end of 
said ?rst storage medium being reached Without having 
predetermined a siZe of available storage in said ?rst 
storage medium; 

means for Writing a header label to a second storage 
medium When said physical end of said ?rst storage 
medium is reached, Wherein said second storage 
medium comprises one storage medium of said at least 
one storage medium associated With said ?rst server 
node or one storage medium of said at least one storage 
medium associated With a second server node of said 
distributed processing system; 

means for sWitching said Writing of blocks of data to said 
second storage medium When said physical end of said 
?rst storage medium is reached; and 

said means for Writing blocks of data to said ?rst storage 
medium comprising means for Writing said blocks of 
data employing a Write-behind operation Wherein said 
?rst server node periodically noti?es said client node 
Whether previously received blocks of data have been 
Written correctly to the ?rst storage medium. 

17. The system of claim 16, further comprising means for 
returning to said client node unWritten blocks of data 
received at said ?rst server node after said ?rst storage 
medium has reached said physical end, Wherein said system 
further comprises means for Writing said unWritten blocks of 
data from said client node to said second storage medium. 

18. The system of claim 16, Wherein said means for 
Writing said header label to said second storage medium 
comprises means for alloWing said client process of said 
client node to control substance of said header label. 

19. The system of claim 16, Wherein said means for 
Writing blocks of data to said second storage medium 
comprises a Write-behind operation With said second server 
node periodically notifying said client node Whether previ 
ously received blocks of data have been Written correctly to 
said second storage medium, and Wherein said means for 
sWitching comprises means for sWitching said Writing of 
blocks of data to said second storage medium Without loss 
of data from said client process. 

20. The system of claim 16, Wherein said second storage 
medium comprises said at least one storage medium asso 
ciated With said second server node, and Wherein said ?rst 
storage medium and said second storage medium comprise 
a ?rst tape storage and a second tape storage, respectively. 

* * * * * 


