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ABSTRACT 

A system of controlling tape drives Within a tape drive library 
Where a backup server utiliZes client backup schedules and 
pending client restore requests to e?iciently control the poW 
ering on and off of tape drives Within a tape drive library. 
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SERVER-MANAGED POWER SAVING 
METHOD FOR AUTOMATED TAPE 

LIBRARIES AND DRIVES 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] The present Application is a Continuation Applica 
tion of US. patent application Ser. No. 12/099,094 ?led on 
Apr. 7, 2008. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 
[0003] The present invention generally relates to a method 
and system of controlling tape drives Within a tape drive 
library Where a backup server utiliZes client backup schedules 
and pending client restore requests to ef?ciently control the 
poWering on and off of tape drives Within a tape drive library. 
[0004] 2. Description of the Related Art 
[0005] Tape libraries according to prior art include a plu 
rality storage slots With or Without tape cartridges, one or 
more robots for transporting tape cartridges from slots to 
drives and a plurality of tape drives. A tape drive library such 
as IBMTM TS3500 can include up to 192 Linear Tape Open 
(LTO) or IBMTM TS1120 drives. 
[0006] The tape drives included in a tape drive library in 
addition to tape drives in a standalone con?guration are gen 
erally not utiliZed every minute or hour of the day. Tape drives 
are usually used for backup or restore functions. Many cus 
tomers perform one or tWo backups per day for every client 
and data restores happen infrequently and are sporadic. In 
addition some tape drives might be used for other activities 
such as media-conditioning or space-reclamation. Even With 
all these functions taking place on the installed tape drives, a 
tape drive is never utiliZed 100% on each day of the Week. 
Thus, tape drives have much idle time When they are not 
Working during many periods of the day. Over certain peri 
ods, such as Weekends, the non-utiliZation period may be 
even longer. FIGS. 1A and 1B give an example of tape drive 
utiliZation of a typical customer environment. 
[0007] According to the utiliZation charts in FIGS. 1A and 
1B, it can be seen that several drives might not be needed 
during several hours of a day. These tape drives are poWered 
on and consuming poWer While not involved in any data 
recording or restoring function. A single tape drive according 
to a representative speci?cation consumes betWeen 125 to 
130 W (at 0.5 A, and 250-260V). An operational drive unused 
in a tape drive library for 24 hours it Will consume approxi 
mately 3 KWh, (calculated at 125 W), that is equivalent to 
creating 1 .98 Kg of CO2. Additionally, a large number of tape 
drives typically installed in a commercial tape drive library 
are provided in anticipation of a major disaster Where large 
amounts of data must be restored over a short period of time 
to meet de?ned Recovery Time Objective (RTO). Thus, the 
number of tape drives typically installed in a tape drive library 
system for a backup solution is the number of drives required 
for daily backup operations. 
[0008] Tape drives and tape libraries are typically part of 
backup solutions shoWn in the client server backup architec 
ture of FIG. 2. 

[0009] Multiple backup clients 102 are connected to a net 
Work 106, Which connects them to backup server 107. Backup 
server 107 is connected to the tape drive library and drives 110 
via netWork 120. Additionally, backup server 107 is con 
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nected to the tape drive library 11 0 via a management netWork 
118. The netWorks 106, 118 and 120 might be different net 
Works as shoWn or it might also be one and the same netWork. 
These netWorks may be based on Ethernet and the Transmis 
sion Control Protocol and Internet Protocol (TCP/IP) or on a 
different type of netWork such as ?bre channel With the Small 
Computer System Interface (SCSI) or Fibre Channel over 
Internet Protocol (FCIP). 
[0010] The backup clients 102 include data to be backed up 
Which is stored on ?le systems 108. Furthermore the backup 
clients 102 include backup client softWare Which sends the 
?les for backup 112 from the local ?le system 108 to the 
server 107. 

[0011] The backup server 107 is a softWare application 
running on a computer system. The backup server 107 stores, 
or backups 112 the ?les sent by the backup client 102 on tape 
drive library 110. 
[0012] One example for a backup server is IBMTM Tivoli 
Storage ManagerTM Which also provides backup clients for 
different purposes such as ?le system backup or database 
backup. 
[0013] The backup process 112 is de?ned as the clients 102 
sending the ?les to the server 107. This process is usually 
triggered by predetermined schedules de?ned by an admin 
istrator Within the server 1 07. Thus, the backup server 1 07 has 
knoWledge of the client 102 backup schedules. These sched 
ules are executed automatically and can be planned ef?ciently 
to avoid having to many clients 102 backing up data to the 
server 107 at the same time. A backup schedule usually con 
tains information about a client name, the number of ses sions, 
a start date and start time. Backup schedules are stored in the 
server 107, for example, in a database Which the server 107 
uses to store the schedule information. When a backup pro 
cess 112 starts, the backup server 107 also selects the appro 
priate storage medium and tape drive 110 for that particular 
backup operation. 
[0014] The restore process 114 is usually initiated by the 
backup client 102 having the need to retrieve data from the 
server 107 Which has been lost in the local ?le system 108. 
During the restore process 114, the backup client 102 requests 
the data from the backup server 107. The data is usually 
denoted by names representing ?le names. The backup server 
107 keeps a local database Where it stores the data referenced 
by the names. The backup server 107 uses this database to 
locate the data requested by the client 102 and send or restore 
114 this data to the client 102. The backup client 102 then 
stores the ?les in the appropriate directories of the local ?le 
system 108. 
[0015] Based on the backup solution according to prior art, 
(FIG. 2), it becomes obvious that the backup server 107 has 
speci?c knoWledge about the client 102 backup schedules. 
This information is used in the present invention to ef?ciently 
control the poWering on and off of tape drives. 

[0016] The fact that tape drives are not utiliZed 100% dur 
ing the day makes it necessary to implement poWer saving 
techniques Where tape drives are only poWered on as they are 
needed. PoWering on a tape drive takes usually betWeen 60 to 
120 seconds, and mounting a tape usually takes betWeen 30 to 
60 seconds. Thus, the additional time required to poWer on a 
tape drive has only a medium impact to the overall backup 
112 or restore 114 operations. The present invention antici 
pates that the tape drives may be poWered on before the 
backup processed 114 starts by utiliZing the backup schedules 
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stored in the backup server. This means that controlling the 
powering off and on of tape drives may not have any impact to 
the backup operation. 
[0017] Tape drives according to prior art, such as the 
IBMTM TSl 120 tape drive, implements power saving meth 
ods whereby the tape drive enters a power saving mode when 
it has not been used for a predetermined period of time. This 
method has a critical drawback in that it is independent of any 
backup and restore operation, leading to inef?cient power 
saving cycles. More precisely, the tape drive itself does not 
know when a backup function scheduled to start, and it does 
not know when it is selected by the backup server. It may 
occur that the tape drive enters a power saving mode after a 
predetermined period of time, wherein immediately thereaf 
ter, it must power on again because the server has selected it 
for a backup or restore operation. This is ine?icient. However, 
the present invention utiliZes the knowledge of the backup 
server about the client backup schedules and pending client 
restore requests to ef?ciently control powering on and off tape 
drives within a tape drive library. 

SUMMARY OF THE INVENTION 

[0018] In view of the foregoing and other exemplary prob 
lems, drawbacks, and disadvantages of the conventional 
methods and structures, a purpose of the exemplary aspects of 
the present invention is to provide a method and system that 
utiliZes the knowledge of the backup server regarding client 
backup schedules and pending client restore requests to e?i 
ciently control the powering on and off of tape drives within 
a tape drive library. 
[0019] An exemplary aspect of the present invention 
includes method for controlling power to a tape drive in an 
automated tape drive library, the method includes determin 
ing if a request to perform a restore of data from the tape drive 
library, and to backup data to the tape drive library has been 
made, wherein the operation to backup data further includes 
retrieving a backup schedule and determining from the sched 
ule when a requested backup is to be performed, determining 
a required number of tape drives for the requested operation, 
determining an available number of powered tape drives in 
the tape drive library, selecting speci?c tape drives from the 
tape drive library based on determining if the required num 
ber of tape drives is greater than the available number of 
powered tape drives in the tape drive library, commanding a 
power control module to power the selected speci?c tape 
drives from the tape drive library, updating a power state value 
and resetting a cumulative operating time value for each of the 
selected speci?c tape drives, performing the requested opera 
tion and repeating until completed if the requested operation 
is incompletely performed, determining the cumulative oper 
ating time value and the cumulative idle time value of each 
tape drive in the tape drive library, determining tape drives in 
the tape drive library that include the cumulative idle time 
value greater than a predetermined idle time threshold, com 
manding to power off the determined tape drives in the tape 
drive library that include the cumulative idle time value less 
than a predetermined idle time threshold, and updating the 
power state value, and resetting the cumulative operating time 
value and the cumulative idle time value for each of the 
determined tape drives in the tape drive library. 
[0020] Another exemplary aspect of the present invention 
includes determining if the request to perform the operation 
to backup data is scheduled to start within a short period of 
time of a current date and time. 
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[0021] Another exemplary aspect of the present invention 
includes wherein the determining the available number of 
powered tape drives is determined from retrieving a stored 
power state value for each tape drive in the tape drive library 
from a database, the power state value represents a powered 
state for each tape drive. 

[0022] Another exemplary aspect of the present invention 
includes wherein the database is a tape drive state table 
includes speci?c tape drive address values for each tape drive 
in the tape drive library, a power state value for each tape drive 
in the tape drive library, an cumulative operating time value 
for each tape drive in the tape drive library, and a cumulative 
idle time value for each tape drive in the tape drive library. 

[0023] Another exemplary aspect of the present invention 
includes wherein the power state value for each tape drive is 
one from the group includes a powered on and idle commu 

nication state, a powered on and active communication state, 
and a powered off state. 

[0024] Another exemplary aspect of the present invention 
includes wherein the selecting speci?c tape drives from the 
tape drive library further includes selecting speci?c tape drive 
based on a tape drive address, a powered off state value 
corresponding to the tape drive address, and a cumulative 
operating time corresponding to the tape drive address. 

[0025] Another exemplary aspect of the present invention 
includes a system for controlling power to a tape drive in an 
automated tape drive library by a backup server, the system 
includes a backup server that receives and generates requests 
to perform an operation to one of restore data from data stored 
in the tape drive library to a data client, and to backup client 
data to the tape drive library, wherein the operation to backup 
client data further includes retrieving a backup schedule and 
wherein the backup server determines from the schedule 
when a requested backup is to be performed, the backup 
server determines a required number of tape drives for the 
requested operation and then determines an available number 
of powered tape drives in the tape drive library, the backup 
server selects speci?c tape drives from the tape drive library 
based on determining if the required number of tape drives is 
greater than the available number of powered tape drives in 
the tape drive library, the backup server commands a power 
control module to power the selected speci?c tape drives from 
the tape drive library, updates a power state value, and resets 
a cumulative operating time value in a stored drive state table 
on the backup server for each of the selected speci?c tape 
drives, the backup server performs the requested operation 
and repeats the requested operation if necessary until the 
performance is completed, the backup server determines the 
cumulative operating time value and the cumulative idle time 
value of each tape drive in the tape drive library, and further 
determines tape drives in the tape drive library that include the 
cumulative idle time value greater than a predetermined idle 
time threshold, and the backup server transmits a power off 
command the determined tape drives in the tape drive library 
that include the cumulative idle time value less than a prede 
termined idle time threshold, and updates the power state 
value and resets the cumulative operating time value and the 
cumulative idle time value for each of the determined tape 
drives in the tape drive library. 
[0026] With its unique and novel features, the present 
invention provides a method and system for utiliZing the 
knowledge of the backup server regarding client backup 
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schedules and pending client restore requests to ef?ciently 
control the powering on and off of tape drives Within a tape 
drive library 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0027] The foregoing and other exemplary purposes, 
aspects and advantages Will be better understood from the 
folloWing detailed description of an exemplary embodiment 
of the invention With reference to the draWings, in Which: 
[0028] FIG. 1A illustrates a prior art example of tape drive 
utiliZation graph of a typical customer environment; 
[0029] FIG. 1B illustrates a prior art example of tape drive 
utiliZation histogram of a typical customer environment; 
[0030] FIG. 2 illustrates a prior art embodiment of a tape 
drive library netWorked architecture; 
[0031] FIG. 3 illustrates a ?rst exemplary embodiment of 
server-managed poWer saving method for automated tape 
libraries and drives, according to an exemplary aspect of the 
present invention; 
[0032] FIG. 4 illustrates a ?rst exemplary embodiment of 
server-managed poWer saving method for automated tape 
libraries and drives, shoWing a poWer state table, according to 
an exemplary aspect of the present invention; 
[0033] FIG. 5 illustrates a ?rst exemplary embodiment of 
server-managed poWer saving method for automated tape 
libraries and drives, shoWing a logical ?owchart according to 
an exemplary method of the present invention; 
[0034] FIG. 6 illustrates a ?rst exemplary embodiment of 
server-managed poWer saving method for automated tape 
libraries and drives, shoWing a mode select command table, 
according to an exemplary aspect of the present invention; 
[0035] FIG. 7 illustrates a ?rst exemplary embodiment of 
server-managed poWer saving method for automated tape 
libraries and drives, shoWing a mode page poWer control 
table, according to an exemplary aspect of the present inven 
tion; 
[0036] FIG. 8 illustrates a prior art embodiment of a con 
troller scheme for controlling the poWer to a tape drive 
library; and 
[0037] FIG. 9 illustrates a ?rst exemplary embodiment of 
server-managed poWer saving method for automated tape 
libraries and drives, shoWing a poWer controlling scheme 
according to an exemplary aspect of the present invention. 

DETAILED DESCRIPTION OF EXEMPLARY 
EMBODIMENTS OF THE INVENTION 

[0038] Referring noW to the draWings, and more particu 
larly to FIGS. 3-5, 7 and 9, there are shoWn exemplary 
embodiments of the method and structures of the present 
invention. 

OvervieW 

[0039] The present invention describes a system and meth 
ods pertaining to a backup application controlling the poWer 
state of tape drives Within an automated tape drive library 
based on planned and unplanned backup and restore opera 
tions. The backup application thereby autonomously predicts 
When tape drives of the tape drive library are required for 
backup based on client backup schedules, and instructs a 
poWer control module to poWer on or off tape drives depend 
ing on the prediction. Additionally, the backup application 
controls the poWer of the tape drives upon a restore request 
prior to the start of the restore process. 
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[0040] There are multiple embodiments for controlling the 
poWer state of a tape drive. In one embodiment, the backup 
server sends a command directly to the tape drive instructing 
the tape drive to change its poWer state. According to this 
embodiment, the tape drive cannot be poWered off com 
pletely. 
[0041] In another embodiment, the backup server uses the 
tape drive library controller in an automated tape drive library 
to control the poWer state of other tape drives in that library. 
Thereby the tape drives can be poWered off completely. 
[0042] In yet another embodiment, an out-band connection 
such as a management netWork 118 is used to control the 
poWer state of tape drives. 
[0043] This invention in general can be applied to storage 
management softWare, (backup softWare, archive softWare), 
that manages automated storage media libraries such as disk 
libraries (e.g., CheetahTM brand disk drives), tape libraries 
(such as the IBMTM TS3500) or optical libraries (such as 
PlasmonTM G Series Ultra Density Optical (UDO) libraries). 

Exemplary Aspects 

[0044] The backup solution according to the present inven 
tion is presented in FIG. 3, is similar to the backup system of 
FIG. 2, including backup clients 202 each including a ?le 
system 208, Wherein each backup client 202 is connected to a 
backup server 207 by a netWork 206 for backing up ?les 212 
and restoring ?les 214 to a tape drive library 210 managed by 
the backup server 207 over a data netWork 220 and/or a 
management netWork 218. 
[0045] TWo neW components introduced in the present 
invention are the prediction module 802 Which is part of the 
backup server 207, and the poWer control module 804 Which 
is part of the automated tape drive library 210. The prediction 
module 802 of the present invention includes a method to 
predict Whether a tape drive is needed based on client backup 
schedules and client restoration requests. As a result of the 
prediction module 802, the prediction module controls the 
poWering off or on of tape drives in the tape drive library 210 
by sending instructions to the poWer control module 804. The 
poWer control module 804 poWers off or on each speci?c tape 
drive in the tape drive library 210 based on instructions trans 
mitted by the prediction module 802. 
[0046] The prediction module 802 keeps information about 
each of the tape drives in the tape drive library 210 and their 
poWer state that is illustrated in the state table 400 of FIG. 4. 

[0047] State table 400 comprises four columns, Wherein 
?rst column includes the unique drive World-Wide-Node 
Name 402 of a speci?c tape drive. The WWNN is a unique 
identi?er for each tape drive in a tape drive library, for 
example in FIG. 4, the hexadecimal code, 
“2000FE506040F6 .”Alternatively, this can be the serial num 
ber of the tape drive Which is also unique, or the tape drive’s 
Media Access Code address (MAC address). The WWNN 
and the serial number are reported by the tape drive to the 
backup application via prior art means such as SCSI 
INQUERY command. 
[0048] The second column includes the poWer state of the 
drive 404. This poWer state is continuously updated in process 
300 of FIG. 5 described here beloW. Three poWer states may 
be de?ned as, l) IDLE, and ON, 2) ACTIVE, and ON, or 3) 
OFF, Where ACTIVE and ON correspond to a state of data 
transmission. The poWer state is continuously tracked and 
updated for each tape drive by the prediction module 802. 
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[0049] The third column stores a number representing the 
operating time 406. The operating time is de?ned by the sum 
of the time Where the drive is in a poWered on state. This 
cumulative number represents hoW long the tape drive has 
been in a continuously poWered on state. This number might 
be expressed in hours or in other unit corresponding to an 
expression of time, for example in FIG. 4, “423” minutes. The 
operating time is continuously tracked and updated for each 
tape drive by the prediction module 802. 
[0050] In the fourth column, a time When the tape drive is 
idle, (not active), and poWered on is tracked 408. This time is 
reset as soon as a tape is mounted in the tape drive or When a 

tape drive is poWered off, for example in FIG. 4, “20” min 
utes. The idle time is continuously tracked and updated for 
each tape drive by the prediction module 802. 
[0051] The backup server 207 With the prediction module 
802 keeps data in each roW of the state table 400 for each tape 
drive Which is attached to the backup server 207. 
[0052] FIG. 5 illustrates a prediction process 300 that 
implements a process to control the poWer state of each tape 
drive in the tape drive library 210 as controlled by the predic 
tion module 802 from the backup server 207. 
[0053] The process starts in step 302 and continues to step 
304 Where the server checks if a restore request for data from 
tape is present. If the ansWer in step 304 is “yes,” the process 
?oWs to step 308 explained later. Otherwise, if the ansWer in 
step 304 is “no,” then the process ?oWs to step 306. 
[0054] In step 306, the backup server 207 checks the 
backup schedules and if a backup is scheduled to start Within 
the next 5 minutes. A backup schedule usually comprises 
information about the client name, number of session, start 
date and start time. The prediction module 802 simply com 
pares if the start date and start time of the schedule is equal or 
less than the current date and time. If the ansWer in step 306 
is “yes,” indicating that a client backup Will shortly occur, 
then the process ?oWs to step 308 explained later. OtherWise, 
if no backup is scheduled for the next 5 minutes, the process 
?oWs back to the starting step 302. 
[0055] In step 308, the process determines the number of 
tape drives required for that operation. If the process is a 
scheduled backup, the backup server derives this information 
from the schedule information item, i.e., the number of the 
session. The number of session is equivalent to the number of 
tape drives required for backup. If the process is a requested 
restore procedure, the number of drives allocated is equiva 
lent to the number of restore sessions Which are initiated by 
the backup client 202. 
[0056] In step 310, the backup server 207 checks hoW many 
tape drives are poWered on and not used, or idle, and com 
pares it against the number of drives determined in step 308. 
The backup server 207 then utiliZes the state table 400 by 
tracking each tape drive the WWNN 402, the poWer state of 
the tape drive 404, the operating hours 406, and the idle time 
408. If in step 310 the number drives Which are poWered on 
and not used are less than the required number of tape drives, 
then the process ?oWs to step 311. 
[0057] In step 311, the prediction module 802 selects the 
tape drives to be poWered on utiliZing the state table 400. The 
module 802 selects speci?c tape drives identi?ed by the 
assigned WWNN 402 address Which are in poWered off state 
404 and have the least number of operating time 406. 
[0058] In step 312, the predication module 802 then sends 
a command to the poWer control module 804 instructing it to 
poWer on those speci?c selected tape drives. 
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[0059] In an alternate embodiment, the tape drive poWer on 
operation in step 312 is deferred in order to Wait to determine 
if tape drives used by other processes become idle While still 
under poWer. Thus in step 310, process 300 may Wait for a 
speci?c time Which is con?gurable by the user. 
[0060] In step 313, the state table 400 is updated With the 
neW poWer state 404 for the selected tape drives identi?ed by 
a unique WWNN 402 Which have been instructed to be poW 
ered on in step 312. Additionally, the operating time 406 
counter and the idle time 408 counter for the selected tape 
drives Which have been poWered on in step 312 are restarted 
in step 313. From step 313, the process ?oWs to step 314 
Which is explained later. 
[0061] If in step 310, the ansWer is “no,” indicating that the 
required number of tape drives, (as determined in step 308), is 
poWered on and not used, or idle, then the process continues 
to step 314. 
[0062] In step 314, the backup server 207 performs an 
operation Which may be a backup 212 or restore 214 opera 
tion. 
[0063] In step 316, the backup server 207 checks if the 
operation Was performed successfully. If the ansWer in step 
316 is “no,” the process ?oWs back to step 314. OtherWise, if 
the ansWer is “yes,” then the process ?oWs to step 317. 
[0064] In step 317, the process determines for each tape 
drive the cumulative poWer on 406 and idle time 408 Which is 
tracked in state table 400. The idle time 408 identi?es the 
consecutive time a tape drive is kept in idle in a poWered on 
state before it is poWered off 
[0065] In step 318, the process determines the tape drives 
Where the consecutive idle times 408 determined in step 317 
are greater than a threshold To”. The time threshold To” 
describes a maximum time a tape drive should be idle, (i.e., 
having no data communication activity), and poWered on. If 
the ansWer in step 318 is “yes,” the process ?oWs to step 319 
explained later. OtherWise, if the ansWer is “no,” indicating 
that a tape drive attached to the backup server has not 
exceeded the idle time limit threshold T the process ?oWs 
to the ending step 330. 
[0066] In step 319, the prediction module 802 instructs the 
poWer control module 804 to poWer off any tape drives Which 
have been determined in step 318 to have not exceeded the 
threshold To”. 
[0067] In step 320, the backup server 207 updates the track 
ing table 400 and the poWer state 404 is changed for the tape 
drives Which have been poWered off in step 319. In addition, 
the counters for the operating time 406 and the idle time 408 
are stopped for the tape drives Which have been poWered off 
in step 319. 
[0068] From step 320 the process ?oWs to the ending step 
330. 
[0069] PoWer Control Module 
[0070] Different embodiments are described for the imple 
mentation of the poWer control module 804 hereafter. In one 
embodiment, the poWer control module 804 is implemented 
in each tape drive. Thus, each tape drive includes the logic to 
poWer off or on the tape drive based on the instruction of the 
prediction module 802. The prediction module 802 sends a 
SCSI command to the poWer control module 804 instructing 
it to poWer off or on a particular tape drive denoted by the 
WWNN or serial number. 

[0071] FIG. 6 illustrates the SCSI MODE SELECT com 
mand 700 according to prior art specifying a neW mode page 
15h (h stands for hexadecimal) can be used for this purpose. 
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[0072] The mode select command 700 of FIG. 6 allows 
sending a mode page from the backup server 207 to the tape 
drive in a tape drive library 210. It has a command code 702 
of 15h, Where the su?ix h denotes hexadecimal or base 16. 
This command code 702 instructs the tape drive that this is a 
mode select command. The parameter list length 704 speci 
?es the siZe of the mode page to be transferred in bytes. 

[0073] Subsequently to sending this command, the backup 
server 207, (or an initiator), Will send the actual mode page 
70011 as shoWn in FIG. 7, illustrating the “Mode page 25h: 
PoWer Control Page.” The mode select command is folloWed 
by a mode parameter header, a block descriptor and one or 
more mode pages such as mode page 700a. 

[0074] The exemplary mode page 70011 has the page code 
712 of 25h, Where the suf?x h denotes hexadecimal or base 
16, and a page length 714 of 04h Which indicates that there are 
4 bytes of additional parameters being sent. Parameter 716 
includes the tape drive identi?er (WWNN or serial number) 
as determined in step 311. Mode page Parameter 718 includes 
the poWer state to be performed. The poWer state can be 
expressed by a hexadecimal number Where “OOOOh” desig 
nates poWer off and “000lh” designates poWer on. Upon 
reception of this command, the poWer control module 804 
pertaining to the tape drive, poWers on or off the tape drive 
depending on the value of the parameter 718. 

[0075] In another embodiment, the poWer control module 
804 is implemented in the library controller Which is usually 
represented as the control path device. In this embodiment, 
the prediction module 802 uses a SCSI MODE Select com 
mand 700 With an associated mode page 70011 to instruct the 
library controller to poWer on or off a tape drive in the tape 
drive library 220. Based on the WWNN of the tape drive 716 
and poWer state 718 sent to the library controller (or control 
path drive) the prediction module 802 instructs a drive 
poWer-sWitch-nodecard 1000 (see FIG. 9) to change the 
poWer state of a tape drive. The drive-poWer-sWitch nodecard 
1000 changes the poWer state accordingly by closing or open 
ing the poWer line for that drive. This embodiment is further 
detailed beloW With respect of FIG. 9. 

[0076] FIG. 8 represents a prior art poWer scheme that 
illustrates the components pertaining to the poWer scheme 
including of a library frame interconnect card, (not shoWn), 
that includes tape drives represented by drives “1” to n, 
902-902n. 

[0077] In FIG. 3, the netWork 220 Which connects the tape 
drives of the tape drive library 210 to the host system such as 
a backup server 207 may be via a ?ber channel link 906-906n 
for each tape drive 902-902n, as illustrated in FIG. 8. Via this 
?ber channel link 906, the backup server 207 may read and 
Write data to the tape drive library 210, represented by drives 
“1” to “n” 902-902n. The backup server 207 and more precise 
the prediction module 802 can also send the SCSI MODE 
SELECT command 700 to the tape drive 902 via link 906. 
The tape drive can pass information such as WWNN of a tape 
drive 716 and the poWer state 718 to the main controller 908 
via the RS422 Interface. This alloWs the backup server 207 to 
communicate With the library main controller 908. Usually 
there is one main controller 908 Which is connected to each 
frame via the frame interconnect card, (not shoWn). The main 
controller 908 might also include the logic to control the 
library robotic (not shoWn). The tape drives 902-902n are also 
connected to a poWer supply 910 providing poWer. In the 
alternative, there may be separate poWer supplies providing 
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redundant poWer to the tape drives. Thus, if one poWer supply 
fails the other one continues to provide poWer to the tape 
drives. 
[0078] In order to implement the second embodiment of 
this invention, the poWer scheme according to prior art of 
FIG. 8 must be changed in accordance With FIG. 9, illustrat 
ing a PoWer Scheme according to the present invention With a 
Drive-PoWer-SWitch-Node card 1000 added. 
[0079] According to FIG. 9, a poWer control module 1000 
is added (alternatively described as a drive-poWer-sWitch 
node card 1000 in FIG. 9). The poWer control module 1000 is 
connected to the main controller 908 via Controller Area 
NetWork (CAN) bus 1002. The instruction to poWer off or on 
a drive comes from the main controller 908 Which receives a 
command through tape drive 902 initiated from the prediction 
module 802 of the backup server 207 via the SCSI MODE 
SELECT Command 700. Based on this instruction the poWer 
control module is noW able to control the poWer for to the tape 
drives 902-902n. Therefore the poWer control module 1000 is 
also connected to electronic sWitches 1004-1004n installed in 
the poWer line 1006-1006n for every drive 902-902n. The 
electronic sWitches 1004-1004n sWitch the poWer off or on 
for a certain drives 902-902n. If there are separate poWer 
supplies providing redundant poWer to the tape drives 902 
90211, then tWo electronic sWitches must be controlled to 
poWer off or on a single tape drive simultaneously. 
[0080] In yet another embodiment, the backup server 207 
uses an out-band connection to the poWer control module 
1000 to the poWer off or on a tape drive via the netWork 
connection 218. The out-band connection can be based on an 
Ethernet protocol using Simple NetWork Management Pro 
tocol (SNMP) or other prior art methods for messaging. The 
message sent from the prediction module 802 to the poWer 
control module 804 of the tape drive library includes the 
WWNN of the tape drive 402 and the target poWer state 406. 
The control module 804 implemented in control module 1 000 
of the tape drive library 210 receiving that out-band message 
identi?es the location of the tape drive based on the location 
encoding in the WWNN and sends a corresponding command 
to the according poWer control module 804. The poWer con 
trol module 804 then executes the poWer state to the designed 
tape drive accordingly. 
[0081] Having such a method enables the backup-server 
via the prediction module to control the poWer state of tape 
drives based on actual or planned (scheduled) activities. This 
saves energy and reduces of CO2 emission. 
[0082] While the invention has been described in terms of 
one or more exemplary embodiments, those skilled in the art 
Will recogniZe that the invention can be practiced With modi 
?cation Within the spirit and scope of the appended claims. 
Speci?cally, one of ordinary skill in the art Will understand 
that the draWings herein are meant to be illustrative, and the 
design of the inventive assembly is not limited to that dis 
closed herein but may be modi?ed Within the spirit and scope 
of the present invention. 
[0083] Further, Applicant’s intent is to encompass the 
equivalents of all claim elements, and no amendment to any 
claim the present application should be construed as a dis 
claimer of any interest in or right to an equivalent of any 
element or feature of the amended claim. 

What is claimed is: 
1. A system for controlling poWer to a tape drive in an 

automated tape drive library by a backup server, said backup 
server: 
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determines if a request to perform an operation to one of 
restore data stored in said tape drive library, and to 
backup data to said tape drive library has been made, 
Wherein said operation to backup data further includes 
retrieving a backup schedule and determining from said 
schedule When said requested backup is to be per 
formed; 

determines a required number of tape drives for said 
requested operation; 

determines an available number of poWered tape drives in 
said tape drive library; 

selects speci?c tape drives from said tape drive library 
based on determining if said required number of tape 
drives is greater than said available number of poWered 
tape drives in said tape drive library; 

commands a poWer control module to poWer said selected 
speci?c tape drives from said tape drive library; 

updates a poWer state value and resets a cumulative oper 
ating time value for each of said selected speci?c tape 
drives; 
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performs said requested operation and repeats until com 
pleted if said requested operation is incompletely per 
formed; 

determines said cumulative operating time value and a 
cumulative idle time value of each tape drive in said tape 
drive library; 

determines tape drives in said tape drive library that include 
said cumulative idle time value greater than a predeter 
mined idle time threshold; 

commands to poWer off said determined tape drives in said 
tape drive library that include said cumulative idle time 
value less than said predetermined idle time threshold; 
and 

updates said poWer state value, and resets said cumulative 
operating time value and said cumulative idle time value 
for each of said determined tape drives in said tape drive 
library. 


