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METHOD AND APPARATUS FOR SAVING DEVICE 
STATE WHILE A COMPUTER SYSTEM IS IN 

SLEEP MODE 

BACKGROUND OF THE INVENTION 

[0001] 1. Technical Field 

[0002] The present invention relates in general to power 
management and in particular to restoring prior device states 
in a data processing system after a reduced poWer mode. 
More particularly, the present invention relates to reducing 
restoration time of device states for devices that have been 
in sleep mode. 

[0003] 2. Description of the Related Art 

[0004] Modern computer hardWare, particularly mobile 
computers such as laptops and notebooks, support multiple 
poWer levels. One such level, often referred to as “sleep 
mode,” removes poWer from selected, nonessential devices 
after a predetermined period of inactivity. Facilities are 
generally provided to “Wake” the data processing system by 
restoration of poWer to the selected devices to resume 
normal operation. This poWer level is particularly advanta 
geous in data processing systems having ?nite available 
poWer, such as those operating on a battery. 

[0005] PoWer management is the process of controlling 
the electric poWer consumption of data processing systems 
by selectively cutting off poWer to various parts of the 
system, thereby disabling those devices. A device driver 
Which is able to prepare for and recover from the loss and 
restoration of poWer is said to be “poWer management 
aWare.” Ideally, a poWer management aWare device driver 
should minimiZe the user’s perceived disruption of computer 
services during a poWer management cycle. Thus, the state 
of the adapter, device drivers, and applications after the 
restoration of poWer should be as close to the pre-shutdoWn 
state as possible. HoWever, not all devices Within a data 
processing system are poWer management aWare. Some 
devices must be re-initialiZed on poWer restoration. 

[0006] When poWer is removed from a device, the con 
tents of any internal registers and volatile memory is gen 
erally lost. For eXample, a display adapter Will lose the 
contents of any internal display cache, Which may include 
information regarding user selections for resolution, color 
depth, etc. When poWer is restored, the display adapter 
device driver must re-initialiZe the internal registers and 
memory, usually by making numerous time consuming calls 
to the operating system to retrieve initialiZation data. Addi 
tionally, nonpersistent data, Which is not normally stored in 
a nonvolatile memory but is merely generated as a result of 
user activity, must be saved before poWer doWn and then 
retrieved on poWer restoration. Thus, restoration of poWer to 
the device and returning to a previous Wake state may be a 
sloW and somewhat difficult process. 

[0007] In FIG. 4, a high-level flow diagram of a knoWn 
process for restoring device states Within a data processing 
system after the data processing system returns from sleep 
mode, is depicted. The process begins With step 400, Which 
depicts a computer beginning a state of user input activity. 
The process continues With step 402, Which illustrates a 
determination of the time passed With no activity. The 
process passes to step 404, Which depicts a determination of 
Whether or not the period of time set for beginning of sleep 
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mode has been reached. If not the process returns to step 402 
and continues to check for a pre-de?ned period of inactivity. 
If the period signaling sleep mode has been reached, the 
process instead proceeds to step 406, Which illustrates a 
device driver determining the characteristics of its device 
state that must be saved in order to poWer-up properly. Since 
device drivers are generally not aWare of hard disk drives or 
other nonvolatile memory in the system, most device drivers 
can only save to the system’s random access memory 
(RAM). Characteristics are stored, typically to RAM, at the 
discretion of the device driver for later retrieval When 
restoration from sleep mode commences. 

[0008] The process then proceeds to step 408, Which 
illustrates the device driver saving the state of the device to 
the location in RAM designated by that individual device. It 
is possible, but not common, that devices Within the com 
puter may save device state to any storage medium With in 
the data processing system. If device states are stored on 
separate storage sites individual device state retrieval varies 
With the response time of the storage medium (disk, ram, 
?ashcard, etc.). If stored on RAM, the retrieval time may be 
short but, if stored on disk, retrieval time may be relatively 
long. 
[0009] The process neXt proceeds to step 410, Which 
depicts poWering doWn a device after device state has been 
stored. The process neXt passes to step 412, Which depicts a 
determination of Whether there are more device drivers With 
requirements to store device states into save locations. If 
there are more device states to be saved, the process returns 
to step 406 and repeats the cycle until all device states have 
been stored. If there are no more device drivers With storage 
requirements the process passes to step 414, Which depicts 
the computer in sleep mode, aWaiting an interrupt that Would 
signal the end of sleep mode. 

[0010] The problem of restoring poWer and returning to a 
previous Wake state has been handled in laptop computers 
by providing device driver speci?c implementations of state 
saving. Often, the machine’s entire state is saved to a hard 
drive. The state Would be persistently stored but there are 
disadvantages to this solution. Saving large amounts of 
memory can be time consuming and restoration time may be 
nearly the same length as booting the system. In a laptop, the 
sloW restoration time may be tolerated but for netWork 
machines Without a hard drive, sending and retrieving its 
entire state across a netWork connection is time consuming 
and not desirable. 

[0011] It Would be desirable, therefore, to provide a 
method and apparatus for saving device state in a persistent 
condition. It Would further be desirable to restore the device 
state quickly When poWer is re-applied from a reduced 
poWer mode. 

SUMMARY OF THE INVENTION 

[0012] It is therefore one object of the present invention to 
provide a method and system for poWer control. 

[0013] It is another object of the present invention to 
provide a method and system for restoring prior device 
states in a data processing system after a reduced poWer 
mode. 

[0014] It is yet another object of the present invention to 
provide a method and apparatus for reducing restoration 
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time of device states for devices that have been in a reduced 
power mode (sleep mode) Without making calls to the 
operating system to retrieve initialization data. 

[0015] The foregoing objects are achieved as is noW 
described. A serialiZable object, formed by a device driver 
and containing characteristics (device state) of the device, is 
held by a device driver and made knoWn to a data processing 
system’s poWer manager. The poWer manager provides a 
device driver independent mechanism for saving device 
state by retrieving each device driver’s object containing 
device state and storing the object in a location that provides 
for efficient and quick retrieval. The poWer manager, being 
aWare of poWer levels for all devices on the system, may 
determine Where, hoW and When to store objects retrieved 
from the device drivers for most efficient retrieval. In other 
Words, the poWer manager chooses the most efficient loca 
tion. Upon receiving an interrupt indicating the system 
should poWer up, the serialiZable objects are retrieved by the 
poWer manager and restored to each device driver. 

[0016] The above as Well as additional objects, features, 
and advantages of the present invention Will become appar 
ent in the folloWing detailed Written description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] The novel features believed characteristic of the 
invention are set forth in the appended claims. The invention 
itself hoWever, as Well as a preferred mode of use, further 
objects and advantages thereof, Will best be understood by 
reference to the folloWing detailed description of an illus 
trative embodiment When read in conjunction With the 
accompanying draWings, Wherein: 

[0018] FIG. 1 depicts a high-level block diagram of a 
poWer manager Within a data processing system in Which a 
preferred embodiment of the present invention may be 
implemented; 
[0019] FIGS. 1A and 1B are high-level block diagrams of 
target storage mediums in accordance With a preferred 
embodiment of the present invention; 

[0020] FIG. 2 depicts a high-level flow diagram of a 
poWer-doWn sequence of a process for reducing device state 
restoration time When a computer is in sleep mode in 
accordance With a preferred embodiment of the present 
invention; 
[0021] FIG. 3 is a high-level flow diagram of a poWer-up 
sequence of a process for reducing device state restoration 
time When a computer is in sleep mode in accordance With 
a preferred embodiment of the present invention; and 

[0022] FIG. 4 depicts a high-level flow diagram of a 
knoWn process for restoring device states Within a computer 
When a computer is in sleep mode. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0023] With reference noW to the ?gures, and in particular 
With reference to FIG. 1, a high-level block diagram of a 
poWer manager Within a data processing system in Which a 
preferred embodiment of the present invention may be 
implemented is depicted. PoWer manager 102, is the logical 
single component to determine the optimum location to store 
device states. Currently, device drivers store the state of the 
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individual device, usually in RAM memory. PoWer manager 
102 also has the capability to store device states. An indi 
vidual device state may comprise register contents, memory 
state, etc. and may occupy a large amount of memory space. 
Normally, a device driver may save device state to RAM 
When entering sleep mode. HoWever, poWer manager 102 is 
aWare of the status of the system state and is better able to 
determine Where the device state should be stored for most 
efficient poWer restoration. 

[0024] Serial port driver 104, LAN card driver 106, video 
driver 108 and keyboard driver 110 all represent drivers that 
supply the appropriate characteristics to poWer manager 102 
for proper storage prior to shut doWn. The double headed 
lines indicate that poWer manager 102 also returns the 
individual characteristics to the proper devices prior to 
restoration. As indicated, poWer manager 102 directs storage 
of device states to a storage medium—server 112 (in the case 
of a netWork connected data processing system), disk drive 
114 or RAM memory 116—that best ?ts the need of the 
system during startup. A device’s characteristics (device 
state) are Written by the device driver, utiliZing driver code, 
to a serialiZable object (illustrated in FIG. 1C and generally, 
most devices Would only require one to tWo kilobytes of 
memory to retain the necessary characteristics for restora 
tion. PoWer manager 102 does not pick the characteristics 
for each device state because individual device drivers 
provide the device characteristics, as is presently done. Code 
for the individual device driver is such that the driver Will 
Write the device state to a serialiZable object and make the 
object available to the poWer manager. Only those charac 
teristics determined by the device driver necessary for 
proper restoration to the device state eXisting at shutdoWn 
are Written to the object. PoWer Manager 102 stores the 
objects in a storage medium, or location, best suited for most 
efficient restoration. 

[0025] Referring to FIGS. 1A and 1B, high-level block 
diagrams of target storage mediums in accordance With a 
preferred embodiment of the present invention is illustrated. 
FIG. 1A illustrates a block diagram of a data processing 
system embodiment of the present invention. Data process 
ing system netWork 150 includes netWork data processing 
system 152. Data processing system 152, in turn, includes a 
processor 154 connected, in the exemplary embodiment, to 
a level tWo (L2) cache 156, Which is connected in turn to a 
system bus 158. 

[0026] Also connected to system bus 158 is system 
memory 160 and input/output (I/O) controller 162. I/O 
controller 162 couples input devices such as a keyboard 
and/or pointing device (conventional mouse, trackball, 
trackpoint, etc.) 164 to system bus 156. In a preferred 
embodiment, data processing system 152 also includes 
graphics adapter 116 connected to system bus 158, receiving 
display data for monitor or display 168. Data processing 
system 152 further includes a netWork adapter 170 for 
connecting data processing system 152 to a netWork. 

[0027] Data processing system 152 is coupled via com 
munications link 172, such as an Ethernet protocol netWork, 
to netWork server 112. Data processing system 152 need not 
include local, nonvolatile storage, but may instead include 
Within a poWer-on self-test (POST) routine stored Within a 
read-only memory (ROM) (not shoWn) instructions alloW 
ing processor 154 to initialiZe netWork adapter 170 and 
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transmit a request from data processing system 152 to 
network server 124 over communications link 172. Network 
server 162 may then respond to that request by transferring 
operating system modules and application eXecutables to 
data processing system 152 to be loaded into system 
memory 160. Network data processing system 152 is thus 
essentially booted over the netWork and may contain no 
local data storage other than system memory 160. 

[0028] The exemplary embodiment shoWn in FIG. 1A is 
provided solely for the purposes of eXplaining the invention 
and those skilled in the art Will recogniZe that numerous 
variations of the components depicted in FIG. 1A and 
described above are possible, both in form and function, and 
also that the present invention may be employed With equal 
bene?t in other types of data processing systems. Such 
variations in Which the present invention may be imple 
mented are considered to be Within the spirit and scope of 
the present invention. 

[0029] FIG. 1B, illustrates a block diagram of a Personal 
Computer (“PC”) embodiment of the present invention. A 
poWer manager (not shoWn) Within PC 120, may load device 
state characteristics in the form of serialiZable objects, to 
either RAM memory 116, disk drive 114 or ?ashcard (not 
shoWn). An object contains only characteristics necessary to 
resume operation of devices in the state they Were left at 
poWer doWn. The poWer manager stores objects, comprising 
individual device characteristics, to a location that Will best 
?t system requirements on restoration. The location is deter 
mined by the poWer manager so that time required for 
retrieving and reloading the individual objects is optimal for 
the most efficient system restoration. Additional factors 
taken into account may include poWer savings, backup/ 
reliability, availability of hardWare, administrator (user) 
choice, etc. 

[0030] Referring noW to FIG. 2, a high-level flow diagram 
of a poWer-doWn sequence of a process for reducing device 
state restoration time When a computer is in sleep mode in 
accordance With a preferred embodiment of the present 
invention is depicted. Logic code governing operation of the 
poWer manager requires the poWer manager to store serial 
iZable objects, containing device characteristics, that the 
poWer manager retrieved from a device driver prior to 
shutting doWn the device. The poWer manager considers the 
state of the Whole data processing system and stores the 
object so that it is retrievable in an ordered manner (serial 
retrieval), determined by the poWer manager, that Will 
provide the fastest and most efficient restoration of system 
state from sleep mode. 

[0031] The process begins With step 200, Which depicts a 
determination of the time period of inactivity that the poWer 
manager is to measure. The process proceeds to step 204, 
Which illustrates a determination of Whether there has been 
any user input activity Within the set time period. If activity 
has occurred, the procedure returns to step 200. If there is no 
activity, the process instead proceeds to step 204, Which 
depicts the poWer manager retrieving device state, in the 
form of an object, from a device driver. The process neXt 
passes to step 206, Which illustrates a determination of 
Whether there are more devices that need to store charac 
teristics of their device state. If there are, the process returns 
to step 204 until all device states have been retrieved. 

[0032] The process neXt proceeds to step 208, Which 
depicts a determination of Where the device state is to be 
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saved. As discussed above, the poWer manager determines 
the optimum storage location for the device state so that 
restoration is accomplished in an efficient and timely man 
ner. In this embodiment, the data processing system may be 
a Personal Computer (“PC”) connected to a netWork server. 
If the poWer manager determines the device state is to be 
saved to the server, the process proceeds to step 218, Which 
illustrates saving device states (objects) to the server. 

[0033] In the case of a PC, the determination may be made 
not to store a device state to the server, in Which case the 
process proceeds from step 208 to step 210, Which depicts 
the poWer manager determining Whether to save the device 
state to RAM memory Within the PC. If so, the process then 
passes to step 216, Which illustrates saving the device state 
to RAM memory. If not, the process instead passes to step 
212, Which depicts a determination of Whether to save the 
device state to disk. If not, the process neXt passes to step 
215, Which depicts the poWer manager sending the device 
state to another storage device Within the PC. If the poWer 
manager determines the device state should be saved to disk, 
the process instead passes to step 216, Which illustrates 
saving the device state to disk. 

[0034] In all cases of storage, after the device state is 
stored on disk 214, in RAM memory 216, on a server 218 
or any other poWer manager designated device, the process 
continues to step 220, Which depicts the poWer manager 
poWering doWn all devices With the saved states. The 
process then proceeds to step 222, Which illustrates the 
poWer manager Waiting for an interrupt that Would signal the 
poWer up process. 

[0035] Referring to FIG. 3, a high-level flow diagram of 
a poWer-up sequence of a process for reducing device state 
restoration time When a computer is in sleep mode in 
accordance With a preferred embodiment of the present 
invention, is illustrated. The process begins With step 300, 
Which depicts the computer (terminal, in a netWork) in a 
poWered doWn state. The process proceeds to step 302, 
Which illustrates an interrupt being sensed by the poWer 
manager. The process neXt passes to step 304, Which depicts 
the poWer manager starting the procedure to poWer up the 
system devices. The process continues to step 306, Which 
illustrates the poWer manager retrieving device state char 
acteristics (stored objects) from the storage location. 

[0036] The process proceeds neXt to step 308, Which 
depicts the poWer manager restoring stored device states to 
the proper devices. The process then passes to step 310, 
Which illustrates a determination of Whether there are more 
device state to restore. If there are more device states to 

restore, the process returns to step 308. If not, the process 
proceeds instead to step 312, Which depicts the data pro 
cessing system restored to the former state from sleep mode. 

[0037] In the prior art, device drivers saved individual 
device characteristics, generally, to locations in RAM 
memory prior to entering sleep mode. This alloWs for quick 
startup, but requires all of RAM to be saved. Saving all of 
RAM to a netWork server may be objectionable due to the 
long retrieval time over a netWork connection. Keeping all 
RAM poWered may consume more poWer than desired. 

[0038] The present invention saves time and poWer. Upon 
determination that a data processing system is entering sleep 
mode, a device driver determines the necessary character 
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istics the driver Will need to return the device’s current state. 
The driver, utilizing logic code provided by the invention, 
Writes the characteristics to a serialiZable object and makes 
the object available for retrieval by the power manager. At 
entry into sleep mode, the poWer manager retrieves objects 
from the device drivers and serialiZes them to a speci?c 
location that may include persistent storage (disk drive) or 
volatile memory (including RAM, ?ash card, local loW 
poWered memory, etc.). 

[0039] The poWer manager is aWare of poWer levels for all 
devices and is best able to determine Where, hoW and When 
to store the serialiZable objects to save poWer and minimiZe 
restoration time for the processing system. When sleep mode 
is ended, the poWer manager retrieves the stored objects and 
loads the objects to the proper devices. Other considerations 
that may be included in determining a save location are 
availability of hardWare (limited RAM memory, no disk), 
poWer savings, netWork usage, reliability, administrator 
preference and so on. 

[0040] It is important to note that While the present inven 
tion has been described in the context of a fully functional 
data processing system, those skilled in the art Will appre 
ciate that the mechanism of the present invention is capable 
of being distributed in the form of a computer readable 
medium of instructions in a variety of forms, and that the 
present invention applies equally, regardless of the particular 
type of signal bearing media utiliZed to actually carry out the 
distribution. Examples of computer readable media include: 
nonvolatile, hard-coded type media such as read only 
memories (ROMs) or erasable, electrically programmable 
read only memories (EEPROMs), recordable type media 
such as ?oppy disks, hard disk drives and CD-ROMs, and 
transmission type media such as digital and analog commu 
nication links. 

[0041] While the invention has been particularly shoWn 
and described With reference to a preferred embodiment, it 
Will be understood by those skilled in the art that various 
changes in form and detail may be made therein Without 
departing from the spirit and scope of the invention. 

What is claimed is: 
1. A method for storing and retrieving device state char 

acteristics from a device driver Within a data processing 
system, comprising the steps of: 

determining said system should proceed to a sleep mode; 

Writing said characteristics to a serialiZable object; 

retrieving said object; 

storing said object to a location determined by a poWer 
manager to be an optimum storage location; 

retrieving said object upon sensing a signal to end said 
sleep mode; and 

restoring said characteristics to said device driver. 
2. The method of claim 1, Wherein Writing said charac 

teristics to an object, further comprises: 

utiliZing object oriented language Within said device 
driver’s operating code to Write said characteristics to 
said serialiZable object. 

3. The method of claim 2, further comprising; 
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said device driver Writing device characteristics to said 
object that Will return said device to a former state. 

4. The method of claim 3, further comprising; 

Writing only characteristics necessary to returning said 
device to said former state. 

5. The method of claim 1, Wherein storing said object to 
a location determined by said poWer manager to be an 
optimum storage location, further comprising; 

determining the requirements of said data processing 
system necessary to perform restoration in a minimal 
time period. 

6. The method of claim 5, further comprising; 

storing said object to a location appropriate to said 
requirements. 

7. An apparatus for storing and retrieving device state 
characteristics from a device driver Within a data processing 
system, comprising: 

means for determining said system should proceed to a 
sleep mode; 

logic means for Writing said characteristics to a serialiZ 
able object; 

means for retrieving said object; 

means for storing said object to a location determined by 
a poWer manager to be an optimum storage location; 

means for retrieving said object upon sensing a signal to 
end said sleep mode; and 

means for restoring said characteristics to said device 
driver. 

8. The apparatus of claim 7, Wherein means for retrieving 
device state characteristics from said device, further com 
prises: 

logic means for Writing characteristics of said device that 
Will return said device to a former state. 

9. The apparatus of claim 8, further comprising; 

logic means for ignoring characteristics that are super?u 
ous to returning said device to said former state. 

10. The apparatus of claim 7, Wherein means for Writing 
said characteristics to an object, further comprises 

means for utiliZing object oriented language Within said 
device driver’s operating code to Write said character 
istics to an object. 

11. The apparatus of claim 7, Wherein means for storing 
said object to a location determined by said poWer manager 
to be an optimum storage location, further comprises; 

means for determining the requirements of said data 
processing system necessary to perform restoration in a 
minimal time period. 

12. The apparatus of claim 11, further comprises; 

means for storing said object to a location appropriate to 
said requirements. 

13. A computer program product Within a computer 
readable medium, comprising: 

instructions Within said computer readable medium for 
determining said system should proceed to a sleep 
mode; 
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instructions Within said computer readable medium for 
Writing said characteristics to a serialiZable object; 

instructions Within said computer readable medium for 
retrieving said object; 

instructions Within said computer readable medium for 
storing said object to a location determined by a poWer 
manager to be an optimum storage location; 

instructions Within said computer readable medium for 
retrieving said object upon sensing a signal to end said 
sleep mode; and 

instructions Within said computer readable medium for 
loading said characteristics to said device driver. 

14. The computer program product of claim 13, Wherein 
instructions for retrieving device state characteristics from 
said device, further comprises; 

instructions Within said computer readable medium for 
Writing characteristics of said device that Will return 
said device to a former state. 

15. The computer program product of claim 14, further 
comprising; 

instructions Within said computer readable medium for 
ignoring characteristics that are super?uous to return 
ing said device to said former state. 

16. The computer program product of claim 13, Wherein 
instructions for Writing said characteristics to an object, 
further comprises 
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instructions Within said computer readable medium for 
said poWer manager’s operating code to Write said 
characteristics to a storage location. 

17. The computer program product of claim 13, further 
comprising 

instructions Within said computer readable medium for 
utiliZing said poWer manager operating code in deter 
mining an appropriate location for said object. 

18. The computer program product of claim 13, Wherein 
instructions for storing said object to a location determined 
by said poWer manager to be an optimum storage location, 
further comprises: 

instructions Within said computer readable medium for 
determining the requirements of said data processing 
system necessary to perform restoration in a minimal 
time period. 

19. The computer program product of claim 18, further 
comprising; 

instructions Within said computer readable medium for 
storing said object to a location appropriate to said 
requirements. 


