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PCT/ US98/ 398 3814673 DATA TRANSFER TO A

STORAGE MEDI UM 5 Background of the Invention mgg?%’%rﬁzesent
invention is directed to apparatus and nethod for transferring data stored
in a vol atil e storage nedium (e.g., random access nenory) to a
non-vol atil e storage nedium (e.g., a hard drive), particularly to
allow transition to a zero-volt suspend state. The present invention is
also directed to the restoring of such data to the volatile storage nmedi um
particul arly whepATA TRANSFER TG ALNON-VIOLATIEE STORAGE MEDRUMY esent

I nvention is directed to such apparatus and nmet hod where data
conpression is used to increase the speed of the data transfers.

An advanced power rranagerrent standard, terned the "Advanced Configuration
Power f has been proposed by Intel Corporation of

Sant & M crosoft Corporatlon of Rednond, Washi ngton,
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15 According to the ACPI specification, the operating system rather than the basic input/output

system (BIOS) controls power management, thermal states, and plug-and-play (wherein
enumeration and configuration of motherboard devices is performed by the operating system)
functionality of the computer. This allows the operating system to evolve independently from
the hardware, so that ACPI-compatible computers can gain the benefits of improvements and

20  innovations in the operating system. Furthermore, this allows the hardware to evolve
independently from the operating system, thereby decoupling hardware and operating system
ship cycles. Incorporated herein by reference in its entirety is the ACPI specification, a
current draft of which can be found on the world wide web at www.teleport.com/ ~ acpi/ .

The ACPI specification describes a range of global system states between the OFF state

25  and the fully ON state. The global system states apply to the entire system, and the state of
the system at any instant is apparent to the user. The ACPI specification also describes a
range of device power states between the OFF state and the fully ON state; these states are
generally not apparent to the user. For instance, to save power a laptop computer may allow
the hard drive to go into a “sleep” state where the disc of the hard drive is not spinning.

30  When in this “spin-down” state, the hard drive is still available to the operating system.

However, access to data on the hard drive is not as rapid, since the disc of the hard drive must
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regardi ng what applications are oPen and what data tiles have been nodified
but not savedStatetS4, yermed the “zero-volt suspend” state, differs from S5 only in that in transition

to the S4 state the operating system (S4/08) or BIOS (S4/BIOS)is responsible for saving all

system context (i.e., the status of various system devices, BIOS information, information
regarding what applications are open and what data files have been modified but not saved, etc.)

15 by saving the data stored in RAM to non-volatile storage. In the zero-volt suspend state the
machine draws almost zero power and retains system context for an arbitrary period of time,
years or decades if needed. Upon awakening from the zero-volt suspend state, the operating
system restores the system to the state that it was in just prior to entering the zero-volt suspend
state.

20 However, in the S4 state the system hardware context is lost--the hardware will
sequence the system to a state that is similar to the S5 state, but has no responsibility for
maintaining any system context. The hardware does allow the enabling of certain wake-up
events, and upon wakixig up, the BIOS does a normal power-on reset.

Unfortunately, the amount of time required to transfer the system context information

25  directly between RAM and the hard drive for user requested transitions to and from the S4 zero-
volt suspend state tends to be long from the user’s perspective, making the system appear
shuggish. Furthermore, the transition time to the S4 zero-volt suspend state is even more critical
when there is an unexpected power loss or shut down, such as when: the battery runs low or is
accidentally removed on a laptop computer; a computer reaches its critical thermal limit and

30 must be shut down to prevent damage; or, there is power loss to the UPS (uninterruptible power

2
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actually lengthened, the amount by which it is lengthened must be by a very small percentage.

Therefore, an object of the present invention is therefore to provide a method for speeding
the transfer of data, particularly configuration data stored in volatile memory to non-volatile
memory, and particularly for the purpose of preparing the system for a transition to a low-power

15  suspend state.

Another object of the present invention is to provide a method for speeding the transfer of
data which was previously saved from volatile memory to non-volatile memory, back to the
volatile memory, particularly for the purpose of resuming operation after a transition from a low-
power state to a normal operating state.

20 A further object of the present invention is to provide a method for increasing a data
transfer rate by compressing data, particularly system context data, which generally provides an
increase in the speed of the data transfer, and in cases where the speed of the transfer is
lengthened, the amount by which it is lengthened must be small,

Still another object of the present invention is to provide a method for compressing

25  segments of data of a variety of types and/or sizes.

Further objects and advantages of tt%e present invention will become apparent from a

consideration of the drawings and the ensuing detailed description.
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buffer address in a buffer region in the first computér memory and incrementing the buffer

15  address, if the flag has the first homogeneous-page value or for transferring at least the contents
of the first pagé to the buffer address in the buffer region and serially incrementing the buffer
address during the transfer, if the flag has the heterogeneous-page value. The utility also
includes means for evaluating the buffer address after each of the incrementations of the buffer
address and, if the buffer address is greater than or equal to a buffer ending address, transferring

20  the contents of the buffer to the non-volatile storage and setting the buffer address equal to a
beginning buffer address.

The present invention also provides a computer system with an operating system and/or

BIOS. The operating systém has predefined devices including a memory block having a
beginning address and a first page in a first computer memory and a non-volatile storage. The

25  system includes a device for transferring data located as contents in the memory block to a non-
volatile storage. The device is configured to: set a flag to a first homogeneous-page value if the
first page of the memory block contains byte;s solely of a first byte value or for setting the flag to
a heterogeneous-page value if the first page of the memory block contains bytes of multiple
values; transfer the flag to a buffer address in a buffer region in the first computer memory and

30  incrementing the buffer address, if the flag has the first homogeneous-page value or transfer at
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Summary of the Invention The present invention Is directed to
a nmet hod fypp od/fiaapferring data [ocated in a nmenory Ofﬁr g”el H rst
conputer nenory to a non-volatile storage. A first page of bl ock
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a buffer in the first conputer nenory. However, if t he page contains
byt es having nore than one value, the page is transferred to the buffer.
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after each of .the rene %ﬁtlons of the buffer address and, if the
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. g ¢ wi

The accompanying drawings, which are incorporated in and form a part of the present
specification, illustrate embodiments of the invention and, together with the Detailed

15  Description of the Invention, serve to explain the principles of the invention:

Figure 1A 1s a schematic of the various section of RAM memory;

Figure 1B depicts an exemplary section of extended memory;

Figure 2 shows a flowchart of the process of saving the data in RAM to disk for a zero-
volt suspend;

20 Figure 3 shows a flowchart for the function pmS2DSaveBlock which tests pages to
determine if they are single valued or heterogeneous systetn context data, and when consecutive
single-value pages or consecutive heterogeneous pages are identified the are transferred to the
buffer via pmS2Dcompress;

Figure 4 shows a flowchart for WriteToDestination8, a function which writes 8-bits to the

25  buffer, and transfers the contents of the buffer to disk via the WriteToDisk function if the buffer
is full;

Figure 5 shows a flowchart for Write’t‘oD estination32, a function which writes 32-bits to
the buffer;
Figure 6 shows a flowchart for WriteToDisk, a function which transfers data from the
30  buffer to the hard disk;



The present invention also provides a conmputer systemw th an operating
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I ncludes a device for transferring data |ocated as contents in the nenory
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t hgoconput efFigure 11 kERHRP 16w RE R eAEFFbMDekitnafio® WM ctihIGEh tréhsfers a byte
m croprocessor with integrated nenory, a 10 conpact disc, or a flopp

di sk. . of data from the hard disk to the buffer;

Figure 12 shows a flowchart for ReadFromDestination32, a function which transfers four
bytes of data from the hard disk to the buffer; and
Figure 13 shows a flowchart for FillBuffer, a function which fills the buffer with data
15 stored on the hard disk.

Detailed Descrintion of the Inventi
As shown in FIG. 1A, the random access memory (RAM) 100 of a typical IBM-

compatible personal computer consists of system reserved area 110 from 0 to 192 kilobytes, a
20  buffer region 120 from 192 to 640 kilobytes, a write-protected region 125 from 640 kilobytes to
1 megabyte, and an extended memory region 130 from 1 megabyte upwards which includes a
number of memory block; 135, 131, 135, 132, 137, 133 and 138. Generally, the extended
memory region 130 consists of a2 number of memory holes 131, 132, 133 (three are shown in the
exemplary depiction of FIG. 1A) separating the system data blocks 135, 136, 137 and 138. The
25 memory holes 131-133 are reserved as buffers for the interior hardware or for control of external
devices such as printers, modems, etc., and their contents need not be saved during the suspend
.$ave process, |
The write-protected section 125 includes a section of shadow RAM 150 which extends to
the 1 megabyte boundary. During boot-up by the basic input/output system (BIOS), tables

30 containing information, such as the locations of the memory holes 131-133, are stored in this
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Brief Description of the Draw ngs The acconpanyi ng draw ngs,
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specification, illustrate enbodi nents of the invention and, togethér wth
the Detail ed 15 Description of the Invention, serve to explain the
principles of the invention: Figure 1A is a schematic of the
various section of RAM nenory; - Figure 1B depicts an exenpl ary
section of extended nenory; Figure 2 shows a flowhart of the
process of saving the data in RAMto disk for a zero- volt suspend; 20
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WiteToDesti nation32, a funciion which wites 32-bits to t he buffer;
Fi gur e TENARderofthe ’I“g‘?AEW&‘PP 3 PQ.dhstyally, alkthe gontents af RAM helowaiMBare dat a

from t Rendfred BUELIE but for' i pIAss Ftifpresent invention only the buffer needs to be

cleared.) Then, a number of variables are initialized 220 with table values from the shadow RAM

150. In particular: SectorsWritten is initialized to zero; SourcePointer is initialized to the address
10 of the beginning of the IMB+ extended memory region 130 (i.e., IMB); DestinationPointer is

initialized to BufferStart, the address of the beginning of the buffer region 120; DestinationEnd is

initialized to (BufferStart+BufferSize), the address of the end of the buffer region 120, since

BufferSize is the size of the buffer region 120; MemoryBlockCount is initialized to the value of

the number of memory blocks 135-138 in the 1MB+ membory 130 (in the example of FIG. 2 there
15  are four).

MemoryBlockCount is then tested 230 to determine whether it has a value greater than
zero. If so 231, then further blocks of memory are to be stored, so BlockStart is set equal to the
address of the first memory block past the current value of Source Pointer, BlockSize is set equal
to the size of this memory block, and BlockType is given a value indicating whether the memory

20  block contains system configuration data 135-138 or is a memory hole 131-133. On the initial
pass through the loop 225 (consisting of steps 230, 240, 250 and 260) which begins with a test of
the value of MemoryBlockCount 230, BlockStart has the starting address of the IMB+ region
130, and the BlockType has a value indicating that the current memory block, in this case the
first memory block 138, is not a memory hole 131-133. The memory block 135 is then written

25  to the buffer 120, and possibly compressed in the process, and saved to disk by the function
pmS2DSaveBlock 250 (“pmS2D” stands for “power management save-to-disk™), which is
passed the arguments BlockSize, BlockStart ~ax;d BlockType. The flowchart for
pmS2DSaveBlock is shown in FIG. 3, and described in detail below. (Double vertical borders
around flowchart elements indicates that these elements are functions described by additional

30 flowcharts.)



Figure 7 shows a flowchart for pnS2DConpress, a function which transfers
conpr essed data to the buffer once the type of data has been

i denti fi ed¥O 99/14673 Figure 8 shows a flowchart for pnSaDabssskdiss, a
function which determnes if a page has bytes of a single value; 5
Figure 9 shows a flowhart of the process of restoring the data, which was
saved to the hard di sk during the zero-volt suspend process, to RAM
Figure 10 shows a flowhart for pnS2DRestoreBl ock, a function which
deconpresses a page that had been conpressed in the zero-volt suspend
process and wites it to extended menory; 10 Figure 11 shows a
fl owmchart f oOnéicthe EumerDaximorybiark8s saved tondisk dop pvdﬂZﬂSadenslt 250; Blodkpize is
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32,. 133 hgqwn I t

0 R G e ket i e Rl K SinE Mifdafest 6 the begingie O iy buske Tafc on

NenRy Y fligs ﬁleﬁﬁ@)ﬁ&ﬁoﬁ?&w&m&r ;ﬁrtﬁe feagmtd‘f@he J&t@fd thE bbfféxd%ee Or

for control of external devi ces such as prfnters, nodens, etc.
t hei r clont byte yalue dallowing te M\,@GMTU L SKB represeatssheledgth ofamemm'ymolmﬁelslﬁ
n 125 cI udes a section shadow, RAM 150 whi ch

The wite- rotecte f
ext endsWhigh has beep m:zeﬁigg'ﬁsﬁ‘@ -8 ﬂ%@rpyessmthﬁga Bse? Zegp MK the engief the data

oot | B oRRARTIPLE e i profs 326 HYTHERRIHBR on such as the

WriteToDestination8, WriteToDestination32 and WriteToDisk are flowcharted in FIGS. 4, 5 and

15 6, respectively, and discussed in detail below.)

The flowchart for the function pmS2DSaveBlock is shown in FIG. 3. When
pmS2DSaveBlock is called, it is first determined 310 whether the BlockType is 2 memory hole
131-133. Memory holes 131-133 contain hardware context or buffers for peripherals and are not
saved to disk, so if it is 311 a2 memory hole 131-133, the memory hole flag “COMP_SKIP” and

20 the size of the hole, BlockSize, are written to disk 315 by the functions WriteToDestination8
and WriteToDestination32, respectively, and the function pmS2DSaveBlock is exited 375.

Otherwise, the block isnot 312 a membry hole 131-133, and so it must be saved to disk.
CompressPointer is set eqﬁal to SourcePointer, CompressEnd is set equal to
(CompressPointer+BlockSize), i.e., the address of the end of the block to saved, and

25  CompressType is initialized to a preliminary value of negative unity to indicate that no iterations
of loop 380 (consisting of steps 325, 330, 335, 340, 345, 350, 355 and 360) of the flowchart of
FIG. 3 have been performed. It is then determined 325 if the difference between CompressEnd
and CompressPointer is greater than the length of a memory management unit page. (For ease of
presentation, the present invention will be described in terms of 80386, 80486 and Pentium

30  processors which have memory management unit page lengths of 4 kilobytes.) If’it is not 326,
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6 region 125 of RAM 100 that is then wite-protected to
becone t he v osiniyRAM 150. A flowchart 200 for llcbﬁuﬂs ?I%S of
saving the contents of RAM nenory to hard disk for a Zero-vo

suspend according to the present invention is shown in FIG 2. The suspend
fl owchart 200 begins with the step 210 of storing the contents of the
buffer 120 directly to the hard drive, 5 thereby clearing the buffer
region 120 to be available for the conpression and storage of the '
remai nder of the information in RAM 100. (Actually, all the contents of RAM

bel ow 1 r f ]Sk f_the ent
mvent | on B PR oY B peiel g Periiisin B ey B0 RRE termiBed 44
vari abl ewhether ContpressPaiatér R2Qual tb CongirbssExia andif Comptdstfoimbediage

150. In particular: SectorsWitten is initialized to zero; SourcePointer is

i nitiali $<¥nressERd 3Gedhensuo RAM detarompaipetn henaved aid pmS2DRsyeBlockds exitbdBRSOr y

region 1 | ' : | ' i l.S Lnitialli to )

Bt 1 or st 2t poinpfiasobfF docs Pt i3t CORPRAHAE 207" ety pPetor oS iChBpress i

Dest i pat icgdd B0 Sfinal timd PhIS2BIozHeds haé Berer Al SliRAE Botin18psatedoall é;,dgig ss
of the end of the buffer@regi on 120, sigbéﬁe Bu}f*fers{rege I's tﬁiegtgslt € c'ﬁ‘e

t he buff éloopdB88h The flowehast foBpoIDSiompress is shiavirain BI6d 7 andt descritet de dethil

t he nunbgr of menory bl ocks 135-138 in the 1MB+ nenory 130 (in the exanple
of FIG °|Pﬂ’ere 15 are four). Menor yBl ockCount is then tested

230 to determ lehcd Bstw t J)ﬁg . 31,
then further ”E%?g@‘ﬁgﬁg&ﬁggiﬁgﬁ y ar ger%/g&ggregﬁ@eﬁa ct!so Fsbsg gléltt%‘r?{ Qc?xrslﬁaé'%f%e ual
to the kilobyeki325 i ipfieteineinéd that thewifferyndeliogicatentianioh equwalte 4 kilobyats 5260 then

Source Pginter, BlockSize is _set ual . to the size of_this nenory

bl ok afte oD CheiRR 1S colit 30 mith s ermipen CompreseRinie wiy
newCompressType is set equal to the value returned by pmS2DCheck4KB. The flowchart for
pmS2DCheck4KB is shown in FIG. 8, and described in detail below. Briefly, if the bytes in the

page beginning at CompressPointer do not have the same value, then pmS2DCheck4KB retums
" the heterogeneous data flag COMP_TYPEL. Otherwise, if the bytes in the page are zeroes or
15 OxFF’s, then pmS2DCheck4KB returns the compression flag values COMP_4KB0O or
COMP_4KBFF , respectively; and if the bytes in the 4 kilobyte sector all have the same value but
are not zeroes or OXFF’s, then pmS2DCheck4KB returns the general-value compression flag
value COMP_4KB.
After the call 330 to pmS2DCheck4KB, CompressType is compared 335 with
20  newCompressType, to determine if the current page has the same values as the previous page. If
CompressType and newCompressType are equal 336, then 4 kilobytes is added to
CompressPointer 340, and the loop 380 beginning at the comparison 325 of the difference
(CompressEnd-CompressPointer) with 4 kilobytes is begun again. However, if CompressType
and newCompressType are not equal 337, then the values of CompressPointer and SourcePointer
25  are compared 345 to determine whether CompressPointer is greater than SourcePointer. If not
347, CompressType is set equal to newCompressType 350 and 4 kilobytes is added to
CompressPointer 340, and the loop 380 begiﬁng at the comparison 325 of the difference
(CompressEnd-CompressPointer) with 4 kilobytes is begun again.
However, if CompressPointer is not equal to SourcePointer 346, then the function

30 pmS2DCompress is called 355 with the arguments CompressType, SourcePointer and the

9



20 bl ock contains system configuration data 135-138 or is a nenory hole
131-133. On the initial pass through the | oop 225 (consisting of steps
230, 240,WOQ89146A% 260) which begins with a test of t FETVES98A9138

Menor yBl ockCount 230, BlockStart has the starting address of the | MB+

regi on 130, and the Bl ockType has a value indicating that the current
menory bl ock, in this case the first menory block 135, is not a nenory
hol e 131-133. The nenory block 135 is then witten 25 to the buffer 120,
and possibly conpressed in the process, and saved to di sk by the function
pnS2DSaveBl ock 250 ("pnB2D' stands for "power managenent save-to-disk"),

whi ch difference (QomprssRdintenSguroeRvimedl ThafiSoerceBbinwk Bt sut eqtmhnb Bl ockType. The
flowhart for= nS2DSaveBl ock i s shovvn in FIG %YR?%% scri bed |n

det ai | ComperssPqinisnBpd GRmRTEEANPHIS SEeiqyal to newSoBRREss and ddilohptes

| 020 £ Bk DESP R a Aob} B85 bAHESFE DplteoR 4S5 Bfﬁ{éa' 3

f | owchar

Once thﬁfe%ﬂce@obmpﬁ@mnd-cbmpiessmr&aveﬂtht@klwbgiesbybmﬁagﬁnveB| ock 250
Bl ockSi ze is added to SourcePointer so that SourcePointer points to
t hes begi nni &g xﬁusutatﬁethn oreratiemefthe fpwekart of FIG. 3ngn wml%rc@@n@mn of an

550, aqumial sxsHmantsxomempd pbk 17 & spOWHAR AR RAS chéndiiS block 135% po'
great eméﬁaazlg #8320 the A MB+ onst w;@écteﬂdts td/RiEBioYBhele H EpUhkreisa fifbea kB pagaer O

232, then all" of the nenory blocks have been saved to disk. Then 280,
t he coophetarsgeareonis aystefCRteBKi 1§k sgednidt4 Kpags) ofdxqttr¢me9us systemcoatext
5/\:: it 'e-ré%ggglgt Szi;sg;fgélgﬁ% e £ p\é\gel étl z%rnoeg ?59 Iassiécc%i smgqe—vgllr&g Etlk%ngage of zeroes
10 154, a first single-vaiue 4 kB page of 0xFF’s 155, and a second single-value 4 kB page of OxFF’s
156.

For this initial system context memory block 135, pmS2DSaveBlock is called with

BlockStart equal to the 1MB address, BlockSize equal to 24 kilobytes, and BlockType having a
value indicating that this section 135 is not a memory hole 131-133. It is then determined 310

15 that the block 135 is not 312 a memory hole 131-133. Control passes to step 320 where
CompressPointer is set equal to SourcePointer, which still has a value of 1MB, CompressEnd is
set equal to (CompressPointer+BlockSize), i.e., 1024 kB, and CompressType is given the
preliminary vaiue of negative unity. Then 325, since (CompressEnd-CompressPointer) is 326
greater than 4kB, the function pmS2DCheck4KB is called 330 with the argument

20 CompressPointer, which still has a value of IMB, and the flag variable newCompressType is set
equal to the heterogeneous data flag value COMP_TYPE] since the initial 4kB page 151 is
heterogeneous data raﬁmr than a page of bytes of a single value. (The operation of function
pmS2DCheck4KB is discussed in detail below.) Then, CompressType is compared 335 to
newCompressType, and since they are not equal 337, CompressType still having its preliminary

25  value of negative unity from step 320, it is determined whether CompressPointer is greater than
SourcePointer 345. CompressPointer is not 347 greater than SourcePointer since
CompressPointer has not been incremented yet, so CompressType is set equal to
newCompressType 350, i.e., COMP_TYPE1, and 4KB is added to CompressPointer 340, so

CompressPointer now has a value of 1004kB.

10



Wi teToDestinati on32, respectively, and the function WiteToD sk wites to
di sk the cos ®npugysof the buffer 120, where the argumentPgEL erStart is
t he address of the beginning of the buffer 120, 10 and the At128
(DestinationPointer-BufferStart) is the length of the data in the buffer.

The four byte value following the flag COVWSKI P represents the | ength
of a nenory hole 131-133 whi ch has been skipped in the save-to-disk
process, so the value of zero marks the end of the data saved from RAM

100, and the suspend process is exited 285. (The functions

WiteToDesti ' , It i | ON32 an i teloD.sk are_f| owharted
in FIGS. 4, %p%é) all%d bggeig@:%%ﬂ % V,‘°§ﬁ§“ﬁ?§¥%¥§§?’?@&@f§??ﬂ jel ow. )

The f1 owgdmaprkssPointdrfis grettérith@iorugRARS AW BBISIsde (Co ¥hnd-¢ -
pE2DSaveBl ock is i |gfet,d., et doterm nea 3o m’ﬁe?ﬁ@ﬁsﬁ%‘ﬁéﬁgwpe
I s a nergeajerddbdhan 4kB (iBis newT:qualtn@OkB) chefingtddn fraS2DCheck4KBiisrcdled 330 with
context or buffers for peripherals and are, not saved to disk, so if it
is 311 %W%@?@’f@%%‘g’?w@% Yalyeof; | 0Q4KB amdknesyompressd ypois t he
Si ze cof I ' I | ] , .ons

Wit 70N Sdial GICOMP 29PES sfhckic debihd fafibale 1521 BiteldinediDShudR® 1 e

f unct i omomeRXdats vatBirthin a hormagdnedus3block of a single value. mememoma@essmﬁ@isbl ock is
not 312 a nmemgry hole 131-133, and so it mnmust be saved to di sk.

Conpr es SPEPRIEE 10 peWSaMPESTLyPe 345 Sudrstncpdhen ase nowsAprlA36EAkB isadded tequal to
Co ' o+ | Z ' h f .the black t
Saveq - SRRHEPOHE rbieiEd vathe Br 10sR8) A0 CBRT00E pb AT pRHY Bhel el 05 1 °

negative uni (@oinpressEtido@bmpiebeRointer)iid 3263¢til0g8ater than AkB I(RPncYe Oqual AN BéIaS) NY
of steps 325, 330, 335, 340, 345, 350, 355 and 360) of the flowchart of
FI G103 sathe Baetioniun$2PEaesk4KB if salledi3Ogwithethaiarguancae ContpressBoittef {which bas

bet d Co Pai nt [ t t.h t he | th of
o oo /RS SO0ER0. s comisioR g vaBatls R Cotrbrebi P el s AL 1 he  pr ecent
i nvent i gomP! 4KBE0 SiRSETH the thild UKEPpARR 135 aBARSEyteSRARS Witk Sestd. U}jﬁ%gbyt s.)

processors whi ch have nenory nmanagement unit page |engths of 4
If it i Compres8T@pe is compared to newCompressType 335 and they are now unequal 337, soitis 8

determined whether CompressPointer is greater than SourcePointer 345. Since SourcePointer

15  still has the value of 1MB, CompressPointer is greater than SourcePointer 346, and the ﬁmctién
pmS2DCompress is called 355 with the arguments CompressType, SourcePointer, and
(CompressPointer-SourcePointer). The function pmS2DCompress s depicted in FIG. 7, and
discussed in detail below. Briefly, in this instance the two pages 151 and 152 beginning at
SourcePointer and having a length of (CompressPointer-SourcePointer), i.e., 8kB, are

20  heterogeneous system context data so they are written to disk without compression.

Now, SourcePointer is set equal 360 to CompreésPointer (i.e., 1008kB), CompressType is
set equal 350 to newCompressType (i.e., COMP_TYPEL1), 4kB is added 340 to CompressPointer.
giving it a value of 1012kB, and control is passed back to step 325 which tests whether
{CompressEnd-CompressPointer) is greater than or equal to 4kB. Since (CompressEnd-

25 CompressPointer) is 326 still greater than 4kB (it is now equal to 12kB), the function
pmS2DCheck4KB is called 330 with the argument CompressPointer, and newCompressType is
now set equal to COMP_4KBO00 since the fourth 4kB page 154 is a homogeneous block of
zeroes. Then, CompressType is compared to newCompressType 335, and they are now equal
336, so 4kB is added to CompressPointer (giving it a value of 1016kB), and control is again

30  passed back to step 325.
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then no pages or only a single page remains in that nenory block. It is

then determ ned 365 whet her ConpressPointer is equal to ConpressEnd,
and i f CoNY? ¥WSH nter does equal ConpressEnd 366, t befan9srfh dat a
remai ns to be saved and pnS2DSaveBl ock is exited 375. | f

Conpr essPoi nter does not equal ConpressiEnd 367, then the function
pnS2DConpress is 5 <called 370 a final time (pnS2DConpress has general |y
al ready been repeated called at step 355 in loop 380). The flowchart
for pnmS2DConpress is shown in FIG 7, and described in detail bel ow.

I f, when the difference between ConpressEnd and ConpressPointer is conpared
to 4 ki(CompressERREpmiptesiBoinket)ds B26\&ill gréatr thhe 468 Yﬁ%w%gzﬁ{@t &
than or, equal =to 4 kil obytes 326, then 10 the function pn2 ec 'Ts
cal l ed ‘%%glllﬁ??fhp&‘lﬁ@%aﬂm 1s caligsd B0swish theargument CompressBoiGerhaviag Tyalaei S

2Dkt dp i e KB Emp R e s bt SR EECRTE Aiher Becte B0 0% pageishiy,
| f t he athhesgehdbus biock of OXPEGE magicviﬁﬁwssq‘yp&{a gfnﬁﬁfeﬁ% H&@boﬂgugg{%p'agpggt he

same val ue, then pnS2DCheck4KB ret urns et erogeneou
coveTYRRd they@areinewiugequal 337, ke itiy deferniined whethan@ompressPoimers's grealed thagX FF' S,

h ) 4 , ' fl I COMP_4KB0O
O aRaRrePrpies ads; Sintt Soukeloifier Rul B Bevatne S L0DskE comprestasatecss 145
have  t eealed MRan'SHubG:Pdttiter, and the EhcRBh R?ﬁ?gg%n’%es%gﬁlj%d e

returns the general -val ue conpressio
Af t er CompressTyps SonePoiBRDGENd (K diPressRuimenSouy¢Minter) C BHAYSid 183 tnstinch 20

newConpressType, .10 determnpe if the current page has the sane val ues as
the pr _j&’fﬁ%ﬁ@@ qnd 153 be@@affﬁgraé&ws%mawar}fgbmm lengthof{CompreasesRoimtes 36,
they 4 _SBﬁI’UCréIi-l Z), LS. 3Esefe ﬁ&gg%eng?%ggﬁfggéegﬁﬁ éhe 40 w?i%gn oh 1sl|< X8 380

begi nni ng at cohparison
( Conpr eempredsiGianpr essPoi nter) with 4 kil obytes is begun again. However, if
Conpr essType and newConpr essTyEe are not equal 337, then the val ues of

Conpr essPoi AtieR. SovEreBainte drut agual toEompressRomteniied 1 8UEKR)360CompressTypet her

Co L, ' Poj lf nOt 347, ,

Compr oS silaFlo A UARERTRORY, COMP RN Es0x e itpaseq 19 GRppssPamsdca
to giviigit a AR DBOKIS 48d céiteb] i askbhcR &DstBS 90 PWhidd tadts &ﬁaﬁsp mpari son
325 of the difference ( Conpr essEnd- ConpressPointer) wt ki | obyt es

i s1beg(fromaprepsEnd-CompressPointer) is greater thar or equal to 4kB. Since (CompressEnd-
CompressPointer) is 326 now equal to 4kB, the function pmS2DCheck4KB is again called 330

with the argument CompressPointer, and newCompressType is set equal to COMP_4KBFF since
the sixth 4kB page 156 is a homogeneous block of 0xFF’s. Then, CompressType is compared to
newCompressType 335, and they are now equal 336, so 4kB is added to CompressPointer

20 (giving it a value of 1024kB), and control is again passed back to step 325.

Now (CompressEnd-CompressPointer) is not 326 greater than 4kB, so it is determined
whether CompressPointer is equal to CompressEnd, and since it is 367 the end of the system
context memory block 135 has been reached, and the function pmS2DCompress is called 370
with the arguments CompressType, SourcePointer, and (CompressPointer-SourcePointer). In

25 this instance the two pages 155 and 156 beginning at SourcePointer and having a length of
(CompressPointer-SourcePointer), i.e., 8kB, are homogeneous pages of 0xFF’s, so they are
written to disk with compression, and the function pmS2DSaveBlock is exited 375.

As illustrated by FIG. 1B and the discussion above, the present invention takes advantage

of the fact that homogeneous and heterogeneous regions are likely to have lengths which are

30 muitiples of the memory management unit (MMU) page length, by evaluating regions of this
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However, if ConpressPointer is not equal to SourcePointer 346, then the
function Wo 9o/1Rgye20DConpress is called 355 with the ar gunenga. (OB Sss Ty Pe,

Sour cePoi nter and the 9
di fference (ConpressPoi nter-SourcePointer). Then, SourcePointer is set

equal to Conpr essPoi nter 360, ConpressType is set equal to

newConpr essType 350 and 4 kil obytes is added to ConpressPoi nter 340,
and the | oop 380 begi nning at the conparison 325 of the difference

( Conpr essEnd- ConpressPointer) with 4 kilobytes is begun again. To

i1 Tustrg %ﬁ&%?eﬁﬁﬁﬁéﬂfﬂ% Bbnthifiylds 8¢ Bfele Bliud1Enodid Bt ﬁcﬂ}iggﬁ

conposi ti yst em cont ext mem)ry own in

FI G 1Bpresent distussiondsrbased pnbheobMMUpage length oft80386, lxegsﬁmdakenhhﬁx Protessors
boundary and extends to nmenmpry hole 131, there is a first 4 kB page of
het er ogéﬁe dkdlobytes)s Fh%?ﬂeekdlseﬁﬁlan easily adaptabls feiothermropesgers sthichchave pagescfus

= secortingd Esits. Eor iithibe ol 5ot B8 pRad Bt chniiBpe ettt 258 BNst 1
kB raag eazﬁfsz%ﬁfby&s 1 ¥shoaldduih &R ot dThAGvauEhg Rgibnk BhikkoRe ﬁﬁeg%‘ Eﬁlﬁples

For this initial system context rrermrg/ bl ock
P rrsz DSaefale YBMU page &tigthd evg. tpages of lemgth Sikdichytes oqusl386080486 amd/Beamunes s,

3 ook aroRthal e Sabif gL BlockType having e [ value
determ ned 3gfl Wnohldle ﬂaeclﬁhamo féthe Ifﬁndﬁ% Wi TEDER RN %@aﬂéﬁw&% 8
Control passes to step 320 where ConpressPointer is sét equal
Sour ceFaits(i.es pne\bytehargunkht, Nakieatowthd bieffexf120)\did iCnenessasys @ed iff this fills the
10  buffer 120) calls the function WriteToDisk to write the contents of the buffer 120 to disk.
Initially, Value is written to the address pointed to by DestinationPointer, and DestinationPointer
is incremented by unity 410. It is then determined 420 whether DestinationPointer is greater
than or equal to DestinationEnd, the address of the end of the buffer 120. If so 421, then the
contents of the buffer 120 are written to disk 430 by the function WriteToDisk. After the buffer
15 120 is written to disk, DestinationPointer is given the value of BufferStart, i.e., the address of the
beginning of the buffer 120, and the function is exited 450. However, if DestinationPointer is
not greater than or equal to DestinationEnd 422, then more data can be put in the buffer 120
before a write to disk is required, so the function WriteToDestinations is exited 450.
FIG. 5 shows the flowchart 500 for the function WriteToDestination32, which writes the
20 32 bit (i.e., four byte) argument, Value, to the buffer 120. Initially, it is determined 510 whether
the difference (DestinationEnd-DestinationPointer) is greater than or equal to four. If so 515,
then more data can be put in the buffer 120 before a write to disk is required, so
DestinationPointer is given the address of Value and incremented by four 515 and the function
WriteToDestination32 is exited 550. However, if the difference (DestinationEnd-
25  DestinationPointer) is not greater than or equal to four 512, then the function
WriteToDestination8 must be called four times via loop 560 (consisting of steps 525, 530 and
540), because part way through the transfer o-f the four bytes of Value to the buffer 120 the buffer
120 will become full. WriteCount is initialized with a value of four 520, and then the function
WriteToDestination8 is calle& 525 with the argument Value (because Value has a length of 32
30  Dbits, only the rightmost 8 bits are written to the buffer 120 by the function WriteToDestination8).
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set equal to (ConpressPointer+Bl ockSize), i.e., 1024 kB, and ConpressType

IS given the prelimnary value of negative unity. Then 325, since

( Conpr essWRPRITHPr essPoi nter) is 326 greater than 4kBpct/Aysesiionst i on
pnS52DCheck4KB is called 330 with the argunent 20 Conpr essPoi nter, which
still has a value of 1MB, and the flag variabl e newConpressType is set

equal to the heterogeneous data flag val ue COWTYPELl since the initial 4kB °
page 151 is het er ogeneous data rather than a page of bytes of a.
single value. (The operation of function pnS2DCheck4KB i s di scussed

in detail below ) Then, ConpressType is conpared 335 to
newConp Fl'h: sraiyq’oéq Valud issshiftest mgh;;ﬁabg eight bigsjarsd W3BSCouds ispleerenibnted 530; dnd

et or m AR BTARL vABmAS RetebGpi e AT Brb S, HOKEfeCount Bl oo 1, 345

Conpr esg, E’i”dﬁtl&‘ 60 1994 é%& sScE Rirfler L3 ?‘@b‘&i‘&ﬁ? Qf&ﬁé n?dsf‘ itten to th
Conpr essPoi Nt er as ot bean T ner enent ed : npresslype I's Set equal
to buffee WO NPhea WiiteCoBitGeachesthe v@Eih’BEx‘éRﬂlZ,, then chedfddction added to

Conmpr essPoi nt er 340, so Conpr essPoi nter now has a val ue of 1004kB.
10 5 WriteToDestination32 is exited 880t rol is passed back to step 325 which again

ot ot Pty BB £ o0 P BRRFEWASRDIE AR ot e SO
(it is duaneBfdhe biffetQRB) Thé bgubiensiof Wi TERRhee kKdddiohsthe alidrest ot sk Wi t h

beginning of the buffer 120, and Size, the size of the data in the buffer 120 that is to be written to
disk. As can be seen from step 430 of FIG. 4, WriteToDisk is given the arguments BufferStart

10  and BufferSize when the buffer 120 is full and a write to disk is required. Similarly, as can be
seen from step 270 of FIG. 2, WnteToDisk is given the arguments BufferStart and the difference
(DestinationPointer-BufferStart) when the final write to disk is required and the buffer is full
only up to DestinationPointer. As shown in flowchart 600 of FIG. 6, the variable Size is initially
set equal to the number of sectors over which the buffer data extends, rounded up to the next

15 largest integer number of sectors, multiplied by the number of bytes per sector 610, and
SectorsWritten is incremented by Size/SectorSize. Typically, sectors are 512 bytes in length, so
SectorSize is equal to 512. Then, it is determined whether Size is equal to zero 615, and if it is
616 there is no data to be written to disk, so the _function 1s exited 650. However, if Size is not
equal to zero 617, then the variable Sectors, which is used as a counting variable for the number

20 ofrequired data transfers, is set equal to (MaximumTransferSize/SectorSize) 620, where
MaximumTransferSize is the maximum number of bytes that can be written to disk in a single
write-to-disk transfer, Typically, MaximumTransferSize is 64kB, i.e., 128 sectors. Then, it is
determined whether Size is less than MaximumTransferSize 625. If it is not 627, then a disk
write of the full maximum transfer size is performed by pmDiskWrite, a function which is

25  provided in the core power management code and well-known in the art thereof. The function
pmDiskWrite is given the arguments Location, the location of the beginning of the buffer data to
be transferred, and Sectors, the number of sctl:tors to be transferred. However, if Size is less than
MaximumTransferSize 626, then a disk write of less than the maximum transfer size must be
performed by pmDiskWrite, so Sectors is set equal 630 to Size/SectorSize before a write to disk

30  is performed by pmDiskWrite 635. Then 640, (Sectors*SectorSize) is subtracted from Size so
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t he argunent ConpressPointer (which now has a val ue of 1004kB) and
newConpr e | 5 again set equal to COW_TYPEl since the second 4kB
page 152 ?‘Zz%gﬁéérégeneous system context data, ratherP¢HHRY349128
honogeneous bl ock of a single value. Then, ConpressType is conpar ed
to newConpressType 335, and since they are now equal 336, 4kB is added to
ConpressPointer (giving it a value of 1008kB), and control is again passed
back to step 325. ( Conpr essEnd- Conpr essPointer) is 326 stil
greater than 4kB (it is now equal to 16kB), 10 so the function

n52DCh | - WM .argunent. DLES | nter .(which has a
\F/)al ue o?ﬁ %‘%ﬁ?mﬁé&ﬁﬁ%&g% 4 ?oﬁaﬁ%é% 135’?}“56? gl%r é‘\?\ﬁ)iﬁ&é@%"% 1 to disk; and
equal t QLocation FTArerAkBODbH (SHeori SebideSike) sbdh it Betttredresenid the Bgﬁnﬁx#es have
a value of zero. Then, ConmpressType is conpared to newConpTresstType 335

and t heyddress ¢fghe date gerapin®gin thapbuiffer 120 to be wrtteretordiske dCortie kxethen passed back
Co ' ' cat er. than, S Pai nt er . 345. S .S Poi nter 15
St T1 2t sscetor s Pnfine PARFEbE Biteds Bl 1o Tsra. s And iae! 651 rasthes pass
346, i st ' ' t
sandrbligh f0sP®4s Qeonsisting Bﬂ?ﬁ%&%@?&ﬁ(; %%;63@?& $thdSh) g Oé” (?g‘gg‘?’ﬁ?g‘&f@en S

Conpr essType, Sour cePoi nter, ressPoi nter: I'The
f unct i onwhsnSds egual $s2drg 636, sthen wltitherdafal iftherbuffeand20 has betwaitteisoadisk, Andlgiea |

bel ow. Bri efl ] his instance the two pages 151 and 152 begi nning at

Sour ceP??ﬁ@ngﬂﬁ%ﬁbﬁkdée’émde% th of (ConpressPointer-SourcePointer), i.e.,

8KkB, are 20 Frey SHAACRE PN CANSYEITE Y Sty Siifrésdl Bs Wbl Sllo0e A SK
W, SO0 nter | Ey Ve

W t hout conpression. ur cePol Sét e

Conpr es siRafunttion fSZDCothPASK B)calléDasstas3Bydatdp3 70 of FIEED wWibndhe RaRbdrdf
newConpr essType (i.e., COWTYPEl), 4kB is added 340 to ConpressPoi nter

gi vilfig PRSECRtRfeRages ofaReANIS is dalerminad.r She argumants aithyerkich poiS2DElongREs s A ch

tests e - ressPointer), i s greater than qr equal
o ake, BediomElG } B TLARRG S SRR B WU p P BE Comprostauied Tehan
4kB (it thesflowonatioalof FIG12 iR ity B TR, S ghhe ' d
330 with the.argurrer?t Corrpres?sggibﬁteer, an ne%ﬁggmggswpg&ié?@pé%tﬁﬁ#set

equal t 6f dutaim themegess Staetds theadtirngs inexéded mypmotH 130 of the beginpirgef the gages;k  of
. ] d WCo Type 335, _and th

fow equ i Longth 3RE SERR RIS of Aers, T BtesPOldRnd Rapehar Mottt ue ©

gfl 1916kdthe daRfnmaféd P15 bSwRARTyBE has MR HeRMHRAD s RtaTipNaRRTCOMP TYPEL.

If it does 716; then this means that the page contains heterogeneous system context data, so

Type is written 718 to the buffer 120 by WriteToDestination8, Length is written 720 to the buffer
120 by WriteToDestination32, and the data is written to the buffer 120 by CompressBlock 725,
where CompressBlock may be any compression function provided with the BIOS of the

20  computer, and the function pmS2DCompress is exited 745. However, if Type does not 717 have
the value COMP_TYPEL, then it is determined 730 whether Type has one of the flag values

- COMP_4KB00, COMP_4KBFF or COMP_4KB. Ifit does 731, then this means that the page

has entries of a single value, i.e., zero, 0xFF, or some value other than these two, respectively.
Therefore, Type is written 740 to the buffer 120 by WriteToDestination8, and it is determined

25 760 whether Type has the compression flag value COMP_4KB. If it does 761, then the first byte
of the block is written 765 to the buffer 120 by WriteToDestination8, Length is decremented 750
by 4 kilobytes, and the value of Length is tes.ted 755. If Type does not 762 have the compression
flag value COMP_4KB, then step 765 is skipped, Length is decremented 750 by 4 kilobytes, and
the value of Length is tested 755. If Length does not have a value greater than zero 757, then all

30  the consecutive pages of this type have been represented in the buffer 120, and the function

15



( Conpr essEnd- ConpressPointer) is 326 still greater than 4kB (it is now
equal to 8kB), so the function pnS2DCheck4KB is called 330 with the
argunment Geopy/essioi nter having a val ue of 1016kB, ampgr/uses/isizs
newConpressType is set equal to COMP_4KBFF since the fifth 4kB page 155 is
a honogeneous bl ock of OxFF's. Then, ConpressType is conpared to
newConpressType 335, 5 and they are now unequal 337, so it is determned -
whet her ConpressPointer is greater than Sour cePoi nter 345. Since
SourcePointer still has the value of 1008kB, ConpressPointer is 346
greater than SourcePointer, and the function pnS2DConpress is called 355

with t IpmSZI@ﬂ]mmptess is exited wrrﬁimeﬂy, pELerathihaseRailwe gregtercthan zero 756, then

(CorrpressPo nter-S urceP Briefly, this jnstance
pages 1995 rafswe é@#tm%ﬂg} ?FrR?é’P@F?ﬂgéH°% 7 Haorsiing of steps VAQaf?GO

(Corrprefﬁg 0 SourceP0| nter), i.e., 8kB, are honbgeneous pages of
zeroes so’t ey are wrlttento disk with conpr essi on.

Then, Sour ceRG. Bishows theSowchat 800 for ﬂ@m&ﬁﬁﬁﬂ?ﬂmehec@ms ,As]dﬁ&kﬁ}i aB
Conmpr essTyp s set_equal to newConpressType (i 4KB0O

350 54k Bhe ﬁ@ﬁmmﬁ@@éﬁ%&m#%&d@s step 330 of; the RERS2D M@p@l@ﬁmnm -3and

e —

( Conpr agsd-i¢ldetermine t@m&&ﬁmmﬁ el §n?ft§ FaWasERht fserfded. CHeBlPdinta£ t | ON
pnS2DCheck4KB is again called 3 b thgfggrgurrent Conpr essPoi nter,

and neVibsifisstetepTgifeofi BIG dtis &mamahwmchmﬂbust tocevalue of 4kBn eThenxit is 4kB

P9 kS SRR SRR s o A 82 R e £ B
to {60 ”ﬁfy%ﬁ'f@héﬁl&&%lﬂ Gh/ifrgt 817 @usvrﬂédfﬁtl%fttlﬁggs%@l dga@rm&tm'sm agai n

passed back to step Conpr essEn ressPoirter) is
not 326'agxeeatchhehb¢arogék&us dataiflagivaluae ¢ é)OMBéElYPEI is mtumdde?fi’:ocmd)r essPoi nt er

cont SRR ags ol et irchn a heKEPR dort i eb BB
I's cal lgihedlthe byte at (CheckPointer+1), then it is determined whether the word (i.e., the two bytw)
beginning at CheckPointer has the same value as the next word, i.e., the word at
15  (CheckPointer+2), and if not 817 this means that this is not a page of bytes of a single value, and
the heterogeneous éata flag value of COMP_TYPE] is returned 830, and pmS2DCheck4KB is
exited 860, However, if the word at CheckPointer does 821 have the same value as the next
word, this means that the first double word (“dword”) consists of four bytes of the same value.
Then 825, it is determined whether the entire 4kB page beginning at CheckPointer has the same
20  value as the initial dword. If not 827 this means that this is not a page of bytes of the same
value, and the heterogeneous data flag value of COMP_TYPE] is returned 830, and
pmS2DCheck4KB is exited 860. However, if the entire 4kB page beginning at CheckPointer
does 826 have the same value as the initial dword, then it is determined 835 whether the byte at
CheckPointer has a value of zero. If so 836, then a compression flag value of COMP_4KB00 is
25  returned 840, and pmS2DCheck4KR is exited 860. If the byte at CheckPointer does not 837
have a value of zero, it is determined 845 whether the byte at CheckPointer has a value of OxFF.
If so 846, then a compression flag value of COMP_4KBFF is returned 850, and |
pmS2DCheck4KB is exited 8 60. If the byte at CheckPointer does not 847 have a value of 0xFF,
then a general-value compression flag of COMP_4KB is returned 855, and pmS2DCheck4KB is
30  exited 860.
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with the argunents ConpressType, SourcePointer, and

(Conpr essPoi nter-SourcePointer). In 25 this instance the two pages 155 and
156 begi nnM*446Bour cePoi nter and having a | ength of PCT/US98/19128

( Conpr essPoi nt er - SourcePointer), i.e., 8kB, are honogeneous pages of

OXFF's, so they are witten to disk with conpression, and the function
pnS2DSaveBl ock is exited 375. As illustrated by FIG |B and the
di scussi on above, the present invention takes advantage of the fact

t hat honogeneous and het erogeneous regions are likely to have | engths which

are 30 nmul ti pl es .of _t he, nenory, managenent uni.t age length, b
eval uating r grggéﬁqﬁ from;the zero-vblt suspegg state to ahigheg' Nﬁll\{xlé)tiogalgy state (L.e., stateg

12 _ a . . . - ¢ nal
val ue. TQEpushSPhe SERH R RAELE o e b ¥isk 8 BB e 84 ey 0 ©
based cyuspdnd sMbmpsdise trasfired biclAOTEOM. S04SGarfe oPdakiisin REBCREENifilar to
(i.e., 4 kilobytes), the present discussion easily adaptable to other

pr oces Sbe Fapfercta nepwelasilrmemery describedpbpwe sinea i essentigtlyreyersasthe suspendd

Mot @r ol a_syst ens, t he. i ; I gurabl e bet 6 es. 5 apd 32
i | oyBetessy ASRutPE e BeRbrfe o BE e Aty e S bl RIS, Lo R pesind D
i Nt egerwithitte iRit@Rzation of S8lrctPinfMVitRA0AIITAMB, tRe thitialagssoPf |ength 8
ki | obytes (for 80386, 80486 and Pentium rocessors), my al so prove

benef i dDestinationPointer with themalge of BuffiferRiart,nad theoingfadizationoef DestinationEind vdthi the
WiteToDestinati.ond, .which wit t he 8 bi t i.e. e .byte),

A gune RETIA R LRSHAR P AU, A oras Fhe esg math the shspeadorbpess; e “SSSHRMGR"s 1 s
the 10 vahuﬁffggefgxg%gglgkéé il 18 Ftlffa.crzoone.ybb&ﬁlzﬁ&ﬁhn&pis\ﬂié mzééa%f&% gg; s of

t he buffer nitially, Value is witten to the a
poi 1ot echegmning d¥thé bufitr 120R0d MestinatianBndisshe address pPdieuerent end bouadary of the

increnented by unity 410, |t is_then determ ped 420 et her
Destin é%agq)ﬁpg%q;{egrto ?tllge tgqf 40, and SourcePointer g? tﬂe address of the current end boundary

of the data restored to the 1MB+ extended memory region 130.

Then a call is made 915 to the function pmS2DRestoreBlock with the argument
DestinationPointer, and BytesRestored is set equal to the return value of pmS2DRestoreBlock,

15  which is the number of bytes restored by the call to pmS2DRestoreBlock. As discussed in detail
in the next paragraph, pmS2DRestoreBlock’s primary function is to transfer the data from the .
buffer 120 to the IMB+ extended memory region 130. Then it is determined 920 if the end of
the suspend-save data in the non-volatile memory has been reached by checking the value of an
end-of-data flag which is controlied in the pmS2DRestoreBlock function. If the end of the data

20  has been reached, the end-of-data flag has been set 921 and the resume process is exited 935. If
the end of the datz has not been reached 922, then BytesRestored is added 925 to SourcePointer
to update SourcePointer to the address of the current end boundary of the restored data in the
1MB-+ region 130, and control is returned to step 915 to begin another loop 930 (consisting of
steps 915, 920 and 925).-

25 FIG. 10 shows the flowchart 1000 for the function pmS2DRestoreBlock. The process of
function pmS2DRestoreBlock begins 1010 by setting the variable CompressType equal to the
return valﬁe of the ReadFromDestination8 Mcﬁon. The ReadFromDestination8 function is
described in more detail below. Briefly, ReadFromDestination8 reads a byte from a current
location in the buffer 120 and returns the value of the byte which was read. Then it is determined

30 1015 whether CompressionType is equal to COMP_SKIP. If CompressionType has the
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than or equal to DestinationEnd, the address of the end of the buffer 120.

If so 421, then the contents of the buffer 120 are witten to disk 430
by the fuWNOPA#H7IViteToDi sk. After the buffer 15 120 i s prinvdoRioize di sk,
Destinati onPointer is given the value of BufferStart, i.e., the address of
t he begi nning of the buffer 120, and the function is exited 450.
However, if DestinationPointer is not greater than or equal to
Destinati onEnd 422, then nore data can be put in the buffer 120 .bef ore
awite to disk is required, so the function WiteToDestination8 is exited
450. FIG 5 shows the flowhart 500 for the function

Wi t eTeDmprassian flog 3alue i thetmamony dolet fiag COMP2 SKIR 1016, éhen efithera ingmedy hole

buf f 120 d 510 wheth
oo bR b bashIpachit. 3 b et ol NoRPRA Ao G S Redher t han or - equal
to foug mQZbS%’Qeﬁﬂ:ék function, tlﬁ'%dﬁ[hra?eaﬁﬁ e M UMP BKIP & BHEKEL bf%gmﬂﬂ ore

awrlteto disk is required stlnatld?gom‘ter I's glven
addr es dytefvalise afehaledgthrof rtlwmemety Hoje 1314133 bb thered ofithefsuspehd-gave data 130 has

WiteToDesti at|0n32|s xi ted 550, However. if the difference

Dest i R5¢H A aszsers ﬁ&w@w&%?@? 3 FIG. gdpr é‘é‘EP@Pg pIsessoin whigh ¢
1£our |51:25 b i ’ @P§ ét g&tg fou?
s oie QOB Skip E%%ﬁs*;@? a zetp. Yhe bERBIIRAASLIBAC iR Sk friBod W ulc0L
part WM&@ReidﬁﬂﬁDemmﬁoﬁnefuﬁawm nd RetuiiVallsd i gested 10D8tpuf fer 120

the buffer . 120 will becone full. WiteCount is initialized with a
val ue @fterraine iGipis equakforzaron If Hds 1026¢ then the end of thy suspendrsexe datahasdresni s

cal| < BRI I bt e P e #°
flg neti mt\h“ﬁVMﬁIiH:iﬁﬁkt;ﬁEﬁlthEm@ zero, then a memory hole 131-133 has been reached, so the
function pmS2DRestoreBlock is exited 1080 directly (and as can be seen from the resume
process flowchart 900 of FIG. 9, SourcePointer is incremented by the retumn value, i.e., the length
of the memory hole 131-133).
If CompressionType is not equal 1017 to COMP_SKIP, then a heterogeneous data page
15  or a single-value page has been reached. So it is then determined if a page of zeroes has been
reached by testing 1035 if CompressType has the compression flag value of COMP_4KBO00, and
if it is then 4 kilobytes of zeroes are written at the address SourcePointer in the IMB+ extended
memory region 130 and RetumValue is set equal to 4kB 1040, and pmS2DRestoreBlock is
exited 1080. However, if CompressionType is not equal 1037 to COMP_4KBO00, then it is then
20 . determined if a page of OxFF’s has been reached by testing 1045 if CompressType is equal to
COMP_4KBFF, and if it is 1046 then 4 kilobytes of OXFF’s are written at the address
SourcePointer in the IMB+ extended memory region 130 and ReturnValue is set equal to 4kB
1050, and pmS2DRestoreBlock is exited 1080. However, if CompressionType is not equal
1047 to COMP_4KBFeF, then it is then determined if a single-value page for bytes of any value
25 has been reached by testing 1055 if CompressType has the general-value compression flag value
of COMP_4KB. If CompressType is equal 1056 to COMP_4KB, then the variable Value is set
equal to the return value of ReadFromDestinétionS, 4 kilobytes of the variable Value are written
in the IMB+ extenided memory region beginning at address SourcePointer, and ReturnValue is
set equal to 4kB 1060, and then pmS2DRestoreBlock is exited 1080; However, if
30  CompressType is not equal 1057 to COMP_4KB, then it is determined whether the page isa

18



The variable Value is shifted right 530 by eight bits and WiteCount is
decr enent nd then the currrent value of Wite '

determ neg@g}%&‘ﬁl WiteCount is greater than zero 541, %&%’iﬁﬁ?% | oop
560 is repeated since further eight-bit portions of Value nmust be witten
to the buf fer 120. When WiteCount reaches the value zero 542, then
the function 5 WiteToDestination32 is exited 550. FIG 6
shows the flowhart 600 for the function WiteToD sk, which wites to disk
t he contents of the buffer 120. The argunments of WiteToD sk are
Locatio Hg}'ﬁf'

t he si deté% he dgt %é?%){ets %?%%G%%FQE%B&BB 'S ;S I=‘@'&b(}gd‘J &r@ﬁﬁ%ﬁwscﬁg&s k.
As can lienthepagderis demmest&l)preEdrﬁiareskBlm waiﬁeﬂbe::bmpsesgmoeh nia@®eangunment s
Buf ferStart 1Q and BufferSize when_ the buffer 120 is full and a vvrrte to
disk is cra@amwe’a funstigp mfnﬂrd with tbaﬁlfa% of the computsr.fang wherethe setomomahe, G 2,

}NDIe}st(:a iTﬁgt | on Ol m%"?’; i@l‘dgﬁk e@tﬁﬁ%?'ﬁé‘%%tgf e%&ﬁng;(frd?ﬁ&P%ndrtgaui red

and § he finetibs pmiSIDREstoreBlock BRkited/POS00 Hovvdver) it CaRpiRssType is A5t egRAWO6T B
flowchart 600 of FIG 6, the variable Size is initirally sét equal to

t he numS§MBf T¥BEL dhen aw emoniiss opcurted bscause rhediataan@stﬂvemheenmmcpm pfthe t he

byt os. prRdONe SOV Rag, ARG b Cotie Ml piaychcats

Si zel Segg Béﬁhé Bowdlid G0 6HFIGS QCB‘ééaﬁls@EﬁeﬁéﬂtaQ)bE&ﬁrdd”thb%ﬂ%Ma&‘ﬂa is set
SectorSize is equal to 512. Then, it is determ ned whet her Si ze |s equal to

zero 61307% ke funciion prsS2DRestareBlackds exited 1080,dh¢ errarconditieniis dlepiay&ni aithk, so

the function,,l exrted60 i f.Si ero, 617,
{ Ot hESToE iEA reemat YRIsbigy A fhe syseises Taboose vy erind s puspeuf Sivegd
nunber a%a o?x}dfs v data transfers, is set equal to

i ze

( Maxi num Sect or Si ze) 620, wher e Maxi mumlr ansferSi ze is the
maxi mum nunb&he Readromdestimdtiond furedomyrwiitiereatioa bytslof datadrom thglbaffer 120 to
wite- to di sk transfer Typi cal |y, Maxi mumlr ansfer Si ze I's 64kB, i. 128

sect or s thegxgsnded memory 130 isghown g thedloprebam d 1 00pERIG. 4 1) As<an hgseen from the
Maxi ”“”Eo%ﬁ%:?ﬁ%oz e%gcttclnfbeghms'v?i h“f&et%ﬁbﬁatfoﬁg%s\#ﬁgtherD ﬁ%{x&%ﬁ%&ﬂf Qﬁ s

full maximi ranster sSi orrre

25 15 Pr @ydatie @hdnrDésﬁﬁaﬁ‘dﬂPammy\ﬂ{d iFRASHGNE0E tifeddRe @dtdl cu@ertlydh e buffer 1D had t
t hereof. The function pnDi skWite is given the argunents Location, the

| ocat | onotll beea tﬁ@gfﬁﬁﬂd FrgtheﬂMBrbeﬁmcteé megrary 189 so the rqwmivalngof érer@uctmnd

Sectors t [ ect or o,be tra rred e is less
Chan | ReaqiromHEsitarts 1l S bine ol 80 i nd B Troal e Ao,

maxi mJ”Ue&t%ik?iBﬁPmﬁte%ﬁndfbiﬁtxﬂﬁﬁonPomtePﬁfiﬁd?érﬁ&ﬂecpl/lm&&Wﬁxﬁ&toni?eﬁ%thw 'S
set equal 630 to Size/ SectorSize before a wite to disk 30 is performed by

pnDi skWHotweves i Déstinaticingd ig Seatent H73bart DesSinaenRaogntey thenabe data tumentlSiine so

14 20 the buffer 120 has all been transferred to the IMB+ extended memory 130, so the buffer 120 is
refilled with data from disk via the function FillBuffer 1110, and the value of the end-of-data flag
is checked 1115. Ifthe end of the suspend-saved data has been reached 1116, then the function

ReadFromDestinations is exited 1125. However, if the end of the suspend-saved data has not

been reached 1117, then control is returned to step 1120 since another byte of data is to be read..
25 The ReadFromDestination32 function, which reads four bytes of data is shown in the

flowchart 1200 of FIG. 12. As canbe seen from the flowchart 1200, the function begins with a

determination 1210 of whether the difference (DestinationEnd-DestinationPointer) is greater than

or equal to four. Ifitis not 1212, then there is not room to fransfer four bytes to the buffer 120

without reaching the end of the buffer 120, so four separate calls to ReadFromDestination8 must
30 bemade, since each call to ReadFromDestination8 tests whether the end of the buffer 120 has
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that Size represents the quantity of data which remains in the buffer 120
to be witten to disk, and Location is increnented by

(Sect or s* Se@dWIBI¥e) so that Location represents the begi necrasses/191238
address of the data remaining in the buffer 120 to be witten to disk.
Control is then passed back 641 to the step of determ ni ng whet her
the Size is equal to zero 615, and if not 617 another pass 5 t hr ough

| oop 645 (consisting of steps 615, 620, 625, 630, 635 and 640) is

per formed. However, when Size is equal to zero 616, then all the data
in the buffer 120 has be witten to disk, and the ~function

W i t e TOBersteachedearid i it @S Deen reached then the buffer12q isgrBlled. t Fiest 12 batheeountio® f or

the f t, DCo As. .d b , t he. f '
B L .
f 10 t

o 5 BRI AR sl K T L et 1

Sour celéqudlteits revind V(aﬁanmmaEWd}uémsmasd;ﬁghtn Sance RetumValue is 4 entié wondyar t
700 of FIG_7 these argum,an S are e, rt and Len wher e Type is the
typd le.,a four-hyse varjable, wailg %‘%Fm@ tgna,tlgn éEfHF@@sS‘F ¢ Byte ¥aleF2RR nor y

130 of f byt
of t he RSATE8RH R ndng etk HE AR the most o ffean BN S RmmVanie® Gl iti8, 2V 12
det er mitebdd 1225 mﬂ&i RehdCduat héﬁypmweitbﬂhhemb,@anﬁwmﬁahm iﬂ(ﬂg:rpaésue

COVP_TYPEL. It does 716, then this neans that the p e contains
het er olmughuthedgan b??\&i%ﬂsémlg ahsteps 20 and 1225)yipmade Hpwevenf AepdCount, e

buffer 120 Wit ToDes ati to the buffer
120 by dww%%amy H&Heéi?ég‘mégﬁaltzﬁl’e@g‘gg" yeyg\ﬁ\“},%‘{eggr%e{?&w& buffer 120 by
Conpr e s&RIPoInDedfination32, andie BnKUHIE exisdd mb HRwveer, iy stepri21 @ $sk on
function provided with ‘the BIOS of the 20 ;ﬁbter and the function

pn52 DCdeterreied ithsat éhei dlﬁwemmemweBnd-Dempe plgn)rip grentey theaws equal to t he

}/?;;evgpovsg-ﬂmtgen tlfepeeig rclxgm Itostr'gnes erfcgnur%y?es reac mg R 3R he BiFre? f126, SO

ReturnValue is set equal to the double word at DestinationPointer, and DestinationPointer is

incremented by four 1230, and the function ReadFromDestination32 is exited 1240.

15 A flowchart 1300 for the function FillBuffer is shown in FIG. 13. As discussed above,
FillBuffer is calied from step 1110 of flowchart 1100 for the ReadFromDestination8 function
when the end of the buffer 120 has been reached by DestinationPointer. As can be seen from the
flowchart 1300, the first step 1310 is to set ReadLocation equal to BufferStart, and
SectorsToRead equal to the ratio (Buffersize/SectorSize). Then 1315, it is determined whether

20  SectorsToRead is greater than SectorsWritten. If this is the case 1316, then the number of
sectors remaining to be read is less than the size of the buffer, so SectorsToRead is set equal to
SectorsWritten--otherwise 1317 SectorsToRead is not modified. Then, it is determined whether
SectorsToRead is equal td zero 1325, and if it is 1326 then all the sectors which were required to
be transferred to the buffer 120 have been transferred, and FillBuffer is exited 1365.

25 However, if SectorsToRead is not equal 1327 to zero then sectors remain to be transferred
to the buffer 120, and loop 1328 (consisting of steps 1330, 1335, 1340, 1345, 1350 and 1355) is
begun, First 1330, the variable Sectors is set. equal to the ratio
(MaximumTransferSize/SectorSize), so that Sectors is equal to the maximum number of sectors
that can be transferred in one read-from-disk operation. Then 1335, it is determined whether

30  Sectors is greater than SectorsToRead. If this is the case 1336, then Sectors is set equal to
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COW_4KB00, COW_4KBFF or COWP_4KB. If it does 731, then this neans that
the page wog99hgsysentries of a single value, i.e., zero,

val ue other than these two, respectively. Ther ef or e, C?gﬁ%"ﬁ%“aﬁﬁfte
740 to the buffer 120 by WiteToDestination8, and it is determned 25 760
whet her Type has the conpression flag value COW_4KB. If it does 761, then
the first byte of the block is witten 765 to the buffer 120 by
WiteToDestination8, Length is decrenented 750 by 4 kil obytes, and the
value of Length is tested 755. If Type does not 762 have the conpression

fl ag vaBesoSTbReatd<Bnd RbedFremmi:skT@ Salledt 1345 R RehsfdrSesiols mmiske 6F SXRIMN 6£idaf20 bY
4 kil obyte apd, | ue_of Length is tested 755. |If Length does not
have a éhwé‘ Fetianegf thhh#fgéﬂﬁ ?bwevemereators ig@ot grinaterthag swons%kmgmmf

SERtA P e
val ue gReAFRémDIK 78! ThéR 8350, BRbrors is suitRictFont seét&%’ﬂéﬁéadbseci&‘é@s 740 for

anot her pass through | oop 770 (con5|st|ng of steps 7 765, 750
and ¥553ubtracted from SectorsArittengasiReed Lotationlipincrearentefy Seostors*SectbrSizd, and it

D oSS 134 tes R R RRGAT tcatntes e GOt is 1356, g hhoPALSesiogt ront
Conpr esgiifidbe u&ﬁg@%m@a% a?ﬁ%ﬁﬂéﬂ&gs%q%ﬁ&@ﬁ?%q%gmmr gked for

type, to determne the type of d gunent is

t er med Otiecwiseil@5%DestinationPbintériis st eqiat o BifferSiarfdn@ D&tinstidnBad is set equal to
on.of CheckCount to. a value of 4kB. Then, it is det er m ned

initial |
815 vvhe#ﬁabf’ aliony1 360, and FillBuffepissxited h305.t he same val ue as the next byt e,
I. ey, the Although the above description contains specific examples, these should not be

2

construed as limiting the scope of the invention, but as merely providing illustrations of some
of the preferred embodiments of this invention. Many variations are possible and are to be
considered within the scope of the present invention. For instance: the compression method
may be applied to types of data other than configuration data; the compression method may be
15 used for data transfers other than transfers from RAM to hard disk for a zero-volt suspend; the
computer system need not have more than one state of higher functionality than the zero-volt
suspend state; the volatile memory need not be RAM; the non-volatile memory need not be a
hard drive; a greater or lesser number of memory holes may be present in the IMB+ region of
RAM; the sectors may have a size other than 512 bytes; the pages need not be 4 kilobytes in
20  length; the pages may be multiples of 4 kilobytes in length; the data in the memory holes may
also be saved during the suspend prbcess, and restored during the resume process; the buffer
region may be located elsewhere in RAM and may be of greater or lesser size; etc. Thus the
scope of the invention should be determined not by the examples given herein, but rather by

the appended claims and their legal equivalents.
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10 byte at (CheckPointer+l), and if not 817 this means that this is not a

page of bytes of a single val ue, and the heterogeneous data flag val ue
of COVPTYP®I9%6%3et ur ned 830, and pnS2DCheck4KB i s exPCERUSSHH9128
However, if the byte at CheckPointer—does 816 tave the sane val ue as

the byte at (CheckPointer+l), th TN ggned whet her the word (i.e.,
the two bytes) begi nni ng at Tmmlmﬂgmfmlﬂm t he sanme value as the ‘
next word, i.e., the word at 15 (*Cheéck®Poitnteér+2), and if not 817 this
means that this is not a page of bytes of a single value, and t he’

heterog@nequs dati,f_l ag value of COWPTYPEL is returned 830, and

pns2 exited 860. However, if the word at CheckPoi nter does
821 have {he 3omEYA kSratifeirts difXboated gs Rl ih et blodibinfh® 115t
double word (' vvorg") congfles{h? o%}q%%au? %syt es osfl theesa va ugl.n%q Then

825, i menwryibloek begimminghddrbsrin b ifiesteniiputer AeBopytea bagislatilegtordgeCheck Poi nt er
has the sane 20 value as the initial dword. |f not 827 this nmeans that

t hi s i SOpfising hegteprsPlpyt es of the same val ue, and the heterogeneous
data flag v f qgéf PEL i d 830, and - pnS2DCheck4KB i s
exi?ed 860. \/\1/3{\?1 ra, | P“@E@F‘é"ﬁt@?“é&ﬁl&%&ge begi nni ng at CheckPoi nt er

does 826 hayetitideflagta it hemegenbh\R-page Valak iftne fiekt padeedT thé memotieblgeln ned
835 whet her the byt% at. geckPoq nter has a vaFue of zero.gﬁ so 836,
t hen acenstips bytss enlelyyiofg figstbyte valueCOMP _4KB0OO is 25 returned 840, and

pnS2DCheck4KB. . i i te 0. I1f the byte . eckPoi nt.er does .not 837
have a val u%e%’?g_ é‘gﬁfégtt? ghgt rogg?eé’?‘???ﬂ%edy%%’%\%&fg‘f}ﬁte‘?agf ﬁg&{? oy b??r?gckPoi nt er
has a yaiifs Byteé¥fhuitiple vallek; SO 846, then a conpression flag val ue of
COVMP_4KBFF i s returned 850, and pnS2DCheck4KB is exited 860. If the

byt® at Chetriiférring thedfbagso adnfferiadoess in abuffitruegioh irGhEHirst computehmwenmry,
e et B e Rahion e b bR Pl Hog bR Hho Fodt nofigencous-
16 page value;

transferring at least the contents of the first page to the buffer address in the buffer region
and performing a series of incrementations of the buffer address during the transferring if the flag
15 has the heterogeneous-page value; and '
evaluatiﬁg the buffer address after each of the incrementations of the buffer address, and
if the buffer address is greater than or equal to a buffer ending address, transferring the contents
of the buffer to the non-volatile storage and setting the buffer address equal to a beginning buffer
address.
20
2. The method of claim 1 further including the steps of:
setting the flag to a second homogeneous-page value if the first page of the memory
block contains bytes solcly of a second byte value; and .
transferring the flag to the buffer address in the buffer region in the first computer
25  memory, and performing an incrementation of the buffer address, if the flag has the second

homogeneous-page value.

3. The method of claim 2 wherein the first byte value is zero and the second byte value is
OxFF.
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On transition fromthe zero-volt suspend state to a higher functionality
state (i.ewo kRS SO through S3), the data which had Q;f. ss/;ﬁ%ad to
the hard disk on transition to the S zero—vert— _ suspend sta?e nust be
transferred back to RAM This tra ,mw in many ways simlar to
the transfer to non-volatile meno ﬂ ﬂgﬂﬂ#ﬂe since it essentially
reverses the suspend 5 process.  As‘ shown | § flowchart 900 for the
resune process of FIG 9, the process begins 910 with the
initialization of SourcePointer with a value of 1MB, the |n|t|aI|zat|on of
DestinationPoi nter with the vaI ue of BufferStart, and the initialization of
Destinati onEnd_with the e of Destinati onP0| nter. As was the case

with the sus‘be"’ﬁbew@@é%ciaemé fﬂﬁh@ﬂﬂﬂ&@m&ﬂl‘e stepsofiyari abl es refer to

dd ] f t t t dd f th
10" bogi nni nve FREEls § B ot een TR pe R R Rl p ik o B oo o
cur r ent cepfndBHE Mty 6f a tHifl byte valfi@tandt ransferred to the buffer 120, and

SourcePointer is the address of the current end boundary of the data
restsored to trénsfanif-theftagrio e tméfeo nddressgn ¢the blﬂﬁrregzon in the first conipnster a cal |

is made 915 to the_function pnS2 est K ument

Dest | n<PBRRG Fi B forieE &) PetRolies of e tuter adisess f e b irdal e of
anZDReisc;IQ(;geﬁ%&g agcﬁal which is the nunber of bytes restored by the call to
pnS2DRest oreBl oc 3| scussed in detail in the next paragraph,

pnS2DRest or eBl ock' s prlmary function is to transfer the data fromthe

buffer 120 to the | MB+ extended nenory regl on 130. Then it is determ ned
920 if the ehdllsmethod of glaim 4sphsrein thethird homogepepnepagsyalus iaequabto@nory has

conts o Faarerp St A A e L e Bhe 0, P Re ond of e data 20

has been reached, the end of -data flag has been set 921 and the resune
process is exited 935. the end of the data has not been reached

922, then By& e@h@@p@pé@f P@lradcféahm@lwsnséms&@mﬁ transferring thetflagtip thethmffer
Sour ce e current end boundary of the restored
dat a m%‘ﬁeﬁagﬁagﬂiﬁ%i ggenl%?)l?]s 11% d control is returned to step 915 to
begi n anot her | oop 930 (conslstlng of steps 915, 920 and 925). 25
FIG 10 shows the flowchart 1000 for the function pnS2DRestoreBl ock. The
proBess of 7. The mathodofi clains2 Hingherdnclsliog khetstaps 0§ 1010 by setting the

vari abl e ConpressType ed t he [ e

ronU T orDoot ST RIHE S OTAET ot Peet outginiae bylebCmomials wilues i recfiag has the

descri Q’i‘éi'erbgex{lBﬁsepék%tv%Me bejow. Briefly, ReadFronDestination8 reads a byte
froma curr ocafion in the buffer 120 and returns the val ue of the

byt e whi ch waasferang thEmambet toi the tefferradidresslin the buffer region in the first computer

memory, and performing an incrementation of the buffer address, if the flag has the

20  heterogeneous-page value.

8. The method of claim 1 wherein the memory block in the first computer memory is
followed by a memory hole having a memory hole length, further including the steps of:
transferring a memory-hole flag to the buffer address in the buffer region in the first
25  computer memory, and performing an incrementation of the buffer address; and _
transferring the memory hole length to the buffer address in the buffer region in the first

computer memory, and performing an incrementation of the buffer address.
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30 1015 whet her ConpressionType is equal to COMWPSKIP. |If ConpressionType
has t he 17
conpr ess MENI¥MEP val ue of the Wm’g’” SKI P ROT/ESO¥ME38 ei t her
a nenory hole 131- 133 has bee er step 315 of the
flowchart 300 of FIG 3 for the \“ ﬁm ock function, in which case
conpression flag COW SKIP is f w asfotir byte val ue of the

| ength of the nmenory hole 131- 133 or the end of the suspend-save data 130
has 5 been reached, as per step 270 of the flowhart 200 of FIG 2 for

t he suspend process, in which case COWPSKIP is foll owed by a zero. The
vari abl e Retunval ue is then set equal 1020 to the return val ue of the

peadFr onDesy I h@RgE of Mt%er&pﬁﬁghugﬂé?%ygab&ﬁen e addvehuc, the

determne i I'S equa to zero f the
suspencoriitCotiich phgsconeaiiiing bytes bfmalipdt valies iecuinpréssed bad frimgerted t6 ¢ie 1030,
and pnB2DRest oreBl ock i s exited 1080. However, if 10 ReturnValue is not
equal bt addresvinghe buider regipRory hol e 131- 133 has been reached, so the
funé:tlon pnS2DRest oreBl ock is exited 1080 directly (and as can be seen from

t he” resune process flowhart 900 of FIG 9, SourcePointer is
i ncrenent ed 1@yThbﬁ1eﬂ@alufmaﬁﬁlmmr¢m ¢he firkhAeh69g$ Bvolatile aémodye theedara ¢ hol e
131-133). Conpr essi onType is not equal 1017 to COVP_SKI P,
t hen asym cayextaiatas amdatha trgnsferring of ghe fgt%ls mpde inerdettoeagsitinn {0 paan-vplached.
So it is th n determ ned if a page of zeroes has been reached by
t est i nESPERESH. ConpressType has the conpression flag val ue of COVP_4KBOO,
and if it-is then 4 kilobytes of zeroes are witten at the address
Sour cePointer in the 1MB+ extended

10 11. The method of claim 1 wherein the method further includes the step of clearing the

buffer region in the first computer memory prior to storage of any data in the buffer region.

12. The method of claim 11 wherein the step of clearing the buffer region includes

storage of contents of the buffer region in the non-volatile storage.

15 |
13. The method of claim 1 wherein the integer is equal to one or two.
14. The method of claim 1 wherein the first page has a length equal to 2 memory
management unit page size multiplied by an integér greater than or equal to one.
20

15. The method of claim 14 wherein the data page has a length of 4 kilobytes.

16. A utility for fransferring data located as contents in 2 memory block in a first
computer memory to a non-volatile storage, the memory block having a beginning address and a
25  first page, the utility comprising: |
means for setting a flag to a first homogeneous-page value if the first page of the memory
block contains bytes solely of a first byte vah'le or for setting the flag to a heterogeneous-page
value if the first page of the memory block contains bytes of multiple values;
means for transferring the flag to a buffer address in a buffer region in the first computer

30  memory and incrementing the buffer address, if the flag has the first homogeneous-page value or
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menory region 130 and RetunWVal ue is set equal to-4kB 1040, and
pn52DRest oweBba4gsrs i s exited 1080. However, if ConpressicafsbBRoig NOt

ST e e R
's has been reached by testin sType is equal to
COVP_4KBFF, and if it is 1046 then ‘4 kilobytes of OxFF's are witten at the

addr ess SourcePointer in the 1VMB+ extended nenory region 130 and
ReturnVal ue is set equal to 4kB 1050, and pnS2DRestoreBl ock is exited
1080. However, if ConpressionType is not equal 1047 to COVP_4KBFF,

t hen i tfor ransfemingat keastithecbntdnteofshe fitse pagd toshpadter hddres/inalve wiffervogivminge 25
has been reachgd by test] r}? %335 I f ConpressType has the general -val ue
conpr esFialy mcggneking dhe butter Ritfie franstes, b thedizgf3s thechetegoganeawsss t o

COVP_4§%3L,?QQ. variable Value is set equal to the return val ue of
ReadFr stination8, 4 kilobytes of the variable Value are written I n
the 1MVB+ extmestpdor@maiaying €@ buffebadiiressiaftgr &ich af thedficrethonta§GRUfMEBuffed Nd

Ret urnVal ue is set equal to 4kB 1060, and then pnS2DRestoreBl ock is

exi tSed igeBs apbibthebuffer addeess isgsagiertbamonequaktondufisy erding adiress straa@fdPringB,
then it,is deternjned ther th IS a .

1o e BortEns PR TRaRE BRE Rt EieBRforngs S seting theoutter AR AmANP O Ty pe
| s equapeglrhifdiRrel ¥hhrbss. | f so 1066, then the page i s deconpressed by
Deconpr essBl ock, where DeconpressBl ock may be any conpr essi on
function installed with the BIOS of the conputer, and where the return

val ue, ur nval ue,. of onpressBl.ock is equal to.the Length of the

deconpr essed! '}c}:'f}éF “‘ﬁmﬂ °§ Flaim Bg)s"?‘F‘ir‘}'ﬁb Faﬁﬁaﬁmg&aa%ﬁesms the flag fo 2secombo.

Howgv ery, nl I . g .

o 13 © homhdpekBUTRRE THRE if e Ak Bl nd hob bipol contlil R dofely b Secla
byte value; and the transferring means includes transferring the flag to the buffer address in the
buffer region in the first computer memory and incrementing the buffer address, if the flag has

the second homogeneous-page value.

15 18. The utility of claim 17 wherein the setting means further includes setting the flag to a
third homogeneous-page value if the first page of the memory block contains bytes solely of a
third byte value; and the transferring means further includes transferring the flag to the buffer
address in the buffer region in the first computer memory and incrementing the buffer address, if
the flag has the third homogeneous-page value,

20

19. The utility of claim 16 wherein the transferring means the flag to the buffer if the flag

has the heterogeneous-page value.

20. The utility of claim 16 wherein the utility includes means for determining a number
25  of pages containing bytes of multiple values if the flag has the heterogeneous-page value; and the
transferring means includes transferring the number to the buffer address in the buffer region in
the first computer memory and incrementing .the buffer address, if the flag has the

heterogeneous-page value.

25



types, COVWP_TYPE1l, COW 4KB0O, COWP_ 4KBEE or COVP 4KB, by pnS2DCheck4KB

as per the flowhart 800 of FIG 8. Because an error has occurred, the

end- of - dat¥P 1¥Y§%5 s set 107§ [ pS2DRest oY ERUSRBKIN28 exi t ed
1080, the error condition is di gumm,mmmﬂﬂu screen if the screen is
avai l abl e, and the systemis rebobtéd W thout restoring the suspend-saved
data fromdi sk to RAM The ReadFronDestination8 function,

whi ch reads a byte of data fromthe buffer 120 to t he extended nenory
130 is shown in the flowhart 1100 of FIG 11. As can be seen fromthe

flowchart 1100,.the.fu i.on begins wth a deter.m.nati 1105 of et her
Desti nat i onégd Thg “?B{y rcl"‘é?‘ ‘?’Eﬁi nlgées’f‘f’xﬂﬁlfyﬂﬁ?f%df ﬁﬁqg’?’{"gg’ﬁ& Temony bfv‘\’/g" not
1106 t = nolieggth] y in the buffer 120 has not all been
transf@?ﬁgggﬁ)gﬁrg 1I\/B-%§ée}xtended menory 130, so the return value of the
function the feetbpfmemBdstludea settingthedlagas a apnmiry holetvalmeyaidue of the data in

the buffer 120 at _the address st i nati onPoi pter, and
Dest i nat i onths tnsfersiag merrse%lﬁ%samﬁ'fg hermemary-ole flag And the agsmmery heles

Oned RS S8
e Sdadepelt o5 bhfét ddaBEth g officebiibn SAL sk Bpbet kb Rk
1VB+ exhebidrd ag@esy,y 130, so the buffer 120 is refilled wwth data from

disk via the function FillBuffer 1110, and the val ue of the end-of-data
flag is checked 1115. If the end of the suspend-saved data has been

reached 111 en..the.f ' . Lhatlong | [ 1125.
However, if 9{2 htﬁ%ﬁt&ug f ff: tﬁgﬁ i E gﬁ‘&ﬁ’é‘!’ %%tgg ggg g?gﬁﬁ géﬂeﬁ%rﬁe‘%ﬂ? ph%e e‘ga)rf#er’ ggec hed
1117, haﬁéfe&ﬁxgtxﬁéuns irfchidek YohpRsdifg aidaPantfeRfhSthe eentanto bheich pygecodtaisiaga i s
to be read.. Z5 The ReadFronDestination32 function, which reads
foup bpytes obmultiple valyestoshmbuffertaddress in the huffes kegien. 1200 of FIG 12. As can
be seen fromthe flowhart 1200, the function begins with a
determ nation 1210 of whether the difference
(Destinati opkn QRESE BRI W Rdrdin the BERBE B0 18R volatile BEmEHL ahe BafOUr -
If it is not 1212, then there is not roomto transfer four bytes to the
buf f er s§stém contexvdatd)and thedteansferning dfahedata sfmadean brdef tr tranddiondo azeworvolt
separate calls to ReadFronDestination8 nust 30 be made, since each call
to ReadhsPspdeE@te nation8 tests whether the end of the buffer 120 has
19 .

15

24. The utility of claim 16 wherein the buffer region in memory block is cleared prior to
storage of any data in the buffer region by storing the contents of the buffer region in the non-

volatile storage.
20 25. The utility of claim 16 wherein the integer is equal to one or two.

26. The utility of claim 16 wherein the first page has a length equal to a memory

management unit page size multiplied by an integer greater than or equal to one.

25 27. In a computer system with an operating system and/or BIOS, the operating system
having predefined devices including a memory block having a beginning address and a first page
in a first computer memory and a non-volatile storage, the system comprising a device for
transferring data located as contents in the memory block to a non-volatile storage, the device

configured to:
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been reached, and if it has been reached then the buffer 120 is refill ed.

First 1215w(1§9&4munt| ng vari ab’_,BeadGeum"r s initi ali,(?ﬁg%w?%%a

val ue of four, and ReturnValue 7S initj zero ,
ReadCount is decr enent ed, ReadFr m cal | ed and ReturnValue is
set equal to its return vaIu ue Is rotated right. Since

ReturnVal ue i s a doubl e word, e., a four-byte variable, while
ReadFr onDesti nati on8 only returns a si ngl e byte val ue, each
ReadFr onDesti nati on8 sets the value of the nost-significant bi ts of

Ret urnVal ue. sétteefitng to ai first homogeredus page Rilusiiehd st RRRGEME therh kﬁ' ue
greater than gﬁro and if_so 1226 then anot her(éass through the | oop

1228 ( cSPREPDE PGS sl 1of airgtbyte valee qrzfzsyetﬁngm g to-p hetergeneofis-Reged@ieit
d 1 then, f bytes have b
ead by WO e YRRk DR e RE BT RR s oXi cod 1oa0.

However, if iansférahe 133 4 buﬂféir address inGHu¥feltdpich 1‘}1"tﬁé fish &lﬁ%l{t&%&ﬂ&% and
our

(Destl nat i onEnd- Desti nati onPoi nter) is greater than or e
12115 t Ferementing thesbuffes addrgss; ifthe flag hasghe ﬁtsthogwnehuwpagbmb onranisfig agnd of

he buf R doubl d
Doct 1 nal EBPE Pl of i Tt Beet e Megradiees & 1hE buthtcealon el pcremuant

1230, aft¢ tuffer AddressideRnFaRArmeRPs A
flowhart 1300 for thgngunctlon Flpﬁb ? t%l%shles %ﬁéﬁg plj‘—lg 9:11&%%11%

di scussed abg\muate the buffier dddBesk after gash oﬁt}ieenbrémetrmﬁdxﬁmfﬂﬂelﬁﬁfef aﬂdrémr 13
1100 f0{ é’ﬁf FromDesti nati on8 function when the end of the buffer
120 hasT5RuEer address &s BryateRban AL equshiog brftsr endins addressetranséar the eomtentseof the

f 1 oyghaphfrr3Qthe Jfoﬁgwjlétﬂé kto rgxf%é%tghdé Buffe? Fx&nﬁ%ss%gl[tgg%t I%ng%lflﬁjer z&cﬂiress.

BufferStart, equa rat

(Buffersi ze/ SectorS| ze). Then 1315, it is determ ned whet her 20

Sect or sToRead |s greater than SectorsWitten. If this is the case 1316,
then the nun®rThgsystem of dum 2f wh ?réméhﬁﬁﬁgcqléﬁmhﬁfemﬁguscdtesstmhﬂagtd’m si ze

Sect or stippiFhomSEkaRi oled VAR 3 Bk Bhac fkifie meBuony bloks grmtsinabytetsoely pf e
det er m seeend byt Relize or to a thﬁﬁ%ﬁfo%?ﬁaﬁ@gagegva%%iﬁhetﬂ}stzﬁge of‘ﬁx%ﬁh bidck! t ' S

1326 then all the sectors which were required ans rre
t heldouf fantainobytessplelyota tmtdehm valueand tarttansfet thBLﬂ‘agem thesbuﬁet adﬂtbsi #bthe 2 5

Hovvever. ctorsTaRead not equal,.1327 to,z sectors remain to
be transte r[r%ggon 1o he ?1{5 &I ’u UPF@P%& m%fﬁﬁ‘ep%ﬁgiéﬁ@ﬁaﬁéﬁéf ‘g‘? flag basthet eps
1330, I1gkdbnd E&ﬂ&en&&f&ﬁ;ag& 356e 8 dnr%l:'h%@o gefeous-page value.

D

29. The system of claim 27 wherein the device is configured to determine a number of
20 pages confaining bytes of multiple values if the flag has the heterogeneous-page value and to
transfer the number to the buffer address in the buffer region in the first computer memory and to

increment the buffer address, if the flag has the heterogeneous-page value.

30. The system of claim 27 wherein the memory block is followed by a memory hole
25 having a memory hole length and the device is further configured to set the flag to a memory
hole value and to transfer the memory-hole flag and the memory hole length to the buffer address

in the buffer region in the first computer memory and to increment the buffer address.
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begun. First 1330, the variable Sectors is set equal to the ratio
(Maxi mumlr ansfer Si ze/ Sector Si ze), so that Sectors is equal to the maximum

nurber of WEW(14673 t hat cajmﬂlﬂmﬂmuﬂlﬂjﬂﬂl n one redRCTUSATNOI28K
operation. Then 1335, it is det Sectors is greater than

SectorsToRead. If this is the case thén Sectors is set equal to
20 Sect or sToRead, and ReadFroerl sk is called 1345 to
transfer Sectors nunber of sectors of data to ReadLocation of the

buffer 120. However, if Sectors is not greater than SectorsToRead 1337,
again a trangf of the ossi bl.e .nu er of cto de by
S0l to . he el o R 2 BuBring i Ga s aed coREfired By e eekesthom
Sect or sk ée%{ggrvgl S HE taAGES gSBtSng: Efihnin
ReadLocatloﬁéillés | reneuﬁiceo ress%etgt or s* Sgec%r I ze EX#% ?Bﬁees{ed

1355 whmthipte heds oo m'EcbIRﬁ"adaddsesgmembcbuffefWanero it is 1356, then
addi tional sectors remain to be transferred to the buffer 120, and
anot her pass through | oop 1328 is perforned. Q herwi se 1357,

Destd nati onR ' ' et

cqual to 2 ph SompeRaaifl B dbHic Sl bt o Bkich BNk oS

Al t houglontehes iaRaNEMSIy Hiddkith b ditsteompaten mesioefiofd fonevalanle erage) exememion d not
construed as lLimting the scope of the invention, but as nerely

be
pr ovi d.bigckhavmab&almaﬁdr%ﬁﬁ a first page, {hetliteeERPESNSE rbodi ments of this

nventi on. tio bl e _and er ed
Wt Che dB8s 1 define W HagTh s AR EEnHs pRE el i e irst peB8 BT e Hiifony
net hod block cofaindytes dIdILof 4 frst B VaRE of frdetfihp ee fldpa0 a%f&d»g%ﬂééﬁslﬁ@e dat a;
t he conpression nméethod may be 15 wused for data transfers other than

t r afsf evaduerif the fiRst\nage ofitheaneatiar blask cantains bytes bf multiphevalues; he

means for transferring the flag to a buffer address in a buffer region in the first computer

memory and incrementing the buffer address, if the flag has the first homogeneous-page value or
for transferring at least the contents of the first page to the buffer address in the buffer region and
serially incrementing the buffer address during the transfer, if the flag has the heterogeneous-
15  page value; and
means for evaluating the buffer address after each of the incrementations of the buffer
address and, if the buffer address is greater than or equal to a buffer ending address, transferring
the contents of the buffer to the non-volatile storage and setting the buffer address equal to a
beginning buffer address.
20
33. The storage medium of claim 32 wherein the setting means includes setting the flag
to a second homogeneous-page value if the first page of the memory block contains bytes solely
of a second byte value or to a third homogeneous-page value if the first page of the memory
block contains bytes solely of a third byte value; and the transferring means includes transferring
25  the flag to the buffer address in the buffer region in the first computer memory and incrementing
the buffer address, if the flag has the second homogeneous-page value or has the third

homogeneous-page value.
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conput er system need not have nore than one state of higher functionality

than the Z&00914478 suspend state; the volatile nmenory pepgsdgabisge RAM
the non-volatile nenory need not be a hard drive; a greater or |esser
nunber of nenory holes may be present in the 1MB+ region of RAM the

sectors may have a size other than 512 bytes; the pages need not be 4

kil obytes in 20 Ilength; the pages may be nultiples of 4 kilobytes in

| engt’h; the data in the nenory hol es may al so be saved during the
suspend process, and restored during the resune process; the buffer

region nay be Iocated elsemhere in RAM and nmay be of greater or |esser

si ze; etc. Thug ope of the invention should be determ ned not by
the exanpl es 36 \Télﬁ SWé?&‘le“HBtOfFEMéZ viherein the utifity fuptbemiclides méans fand t hei r

lzig al eﬂw%nﬁ{g Z#number of pages containing bytes of multiple values if the flag has the
heterogeneous-page value; and the transferring means includes transferring the number to the
5  buffer address in the buffer region in the first computer memory and incrementing the buffer

address, if the flag has the heterogeneous-page value.

35. The storage medium of claim 32 wherein:
the memory block iS followed by 2 memory hole having a memory hole length;
10 the setting means includes setting the flag to a memory hole value; and
the transferring means includes transferring the memory-hole flag and the memory hole
length to the buffer address in the buffer region in the first computer memory and incrementing
the buffer address.

15 36. The storage medium of claim 32 wherein, if the flag has the heterogeneous-page
valug, the transferring means includes compressing and transferring the contents of each page

containing bytes of multiple values to the buffer address in the buffer region.

37. The storage medium of claim 32 wherein the computer readable storage medium is a

20 memory device, a microprocessor with integrated memory, a fixed or hard disc, a compact disc,

or a floppy disk.
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What is clainmed is: 1. Anethod for transferring data | ocated

as contents in a nenory block having a menory bl ock begi nni ng address
ina first conmputer nenory to a non-vol atile storage, conprising the
st eps of WO 8/14673 examining a first page of the nenBFl/USIsHeIs
setting a flag to a first honbgeneous-page value if the first page of the
menory bl ock contains bytes solely of a first byte val ue;

setting the flag to a heterogeneous-pddﬂ_value if the first page of the
menory bl ock contains bytes of multiple values; 10

transferring the flag to a buffer address in a buffer region in the first
conputer nenory, and perf ornj n.4 @Acrenmentation of the buffer
address, if the flag has the fi r%lggous- page val ue;

transferring at | east the contents of the first page to the buffer address
in the buffer region a ] Les gf incre Eg?tions of the
buf fer address duringlti@e\tdansferring if the fllag“15 hgd t

het er ogeneous- page val ue; d eval uyati ng the buffer address
after each of the incrementdtions of the buffer jaddress, and if the

buffer address is greater than or ST a bufffer endi ng address,
transferring the contents ofJ§§§ gﬁﬁgﬁr to
and setting the buffer addrgss eq E egi nn

he non-vol atil e storage

ng buffer address. 20
2. The nethod of claim1 furither including the steps of:
setting the flag to a seconq honogeneous-page vajue if the first page of
the nmenory bl ock t aifrs—bytes—solely—of—a seQPKB byt e val ue; and
transferring the flag '?hf buffer address in the buffer region in the
first conputer 25 menory, jand peg&ﬁﬂﬂéﬁg an increnmentation of the buffer
address, if the flag has thg secon honbgepheous- page val ue.
3. The nmethod of claim?2 mhﬁrein the first byte jalue is zero and the

second byte value is 125\\\%.':1':. 640KB

WRITE-
PROTECTED

yIMB

i ey

\vmsE, |

/W
SUBSTITUTE SHEET (RULE 26)



22 4. The nmethod of claim2 further including the
steps of: setting the flag to a third honogeneous-page val ue
if the first page of the nmenory bl ock contains bytes solely of a
third byte w@bdggrand 5 transferring the flag tﬁﬂ&@&/ﬁf%ﬂf er
address in the buffer region in the first conputer menory, an
perform ng an increnentation of thelmﬁ{i¥ address, if the flag has the
third honbgeneous- page val ue. / 5. The method of claim4
wherein the third honbgeneous-page value is equal to a 10 concatenation of
a constant and the third byte val ue. 6. The nethod of claim
1 further including the step of transferring the flag to the buffer | f
the flag has the heterogeneous-page val ue.

FlG. 18

125~ 7/
b 157~ % y1MB
4KB HETEROGENEOUS
Y
4 152~
4KB HETEROGENEQUS
Y
§ 153~
4KB 0's
¥
1545 135
4KB 0's
)
4 1556~
4KB FF's
Y
§ 156~
4KB¢ FF's
131~ ’
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15 7. The method of claim1 further including the steps of:
determ ning a nunber of pages containing bytes of nultiple values if the
flag has het er ogeneous- page val ue; and transferring
t he nunbe%teggnf‘ﬂ% buffer address in the buffer region in RFEFIYLS conput er
menory, and performng an increnentation of the buffer address, if the flag.
has the 20 het er ogeneous- page val ue. 3/|2 8. The net hod of
claiml1 wherein the nmenory block in the first conputer nmenory is
foll owed by a nenory hole having a nenory hole |l ength, further including
t he steps of: ﬂg rg transferr@y-hole flag to the buffer
address in the buf *r8gion in the \{i conput er nenory, and

a

perform ng an increnmentation of the buffef ress; and

transferring the nenory hole Igggtk to thb huffer address in,ppg§ buffer
region in the first conpué &Y \JenoiRANSFER pgr f or mi ng a‘r% ncrement ation
of the buffer address. BUFFER TO
23 DISK
220 !
N SECTORS WRITTEN=0

SOURCEPOINTER=1MB:
DESTINATIONPOINTER=BUFFERSTART:
DESTINATION END=BUFFERSTART+BUFFERSIZE:
MEMORYBLOCKCOUNT=NO. OF MEMORY BLOCKS

230

MEMORY-
BLOCKCOUNT
>0?

2407 YES

BLOCKSTART=START OF FIRST MEMORY
BLOCK PAST SOURCEPOINTER:
BLOCKSIZE=SIZE OF MEMORY BLOCK
BLOCKTYPE=SYSTEM RAM OR
MEMORY HOLE

y

NO

250

232 N mS2D SAVEBLOCK

(BLOCKSIZE, BLOCKSTART,
BLOCKTYPE)

Y

ADD BLOCKSIZE TO
SOURCEPOINTER:

DECREMENT
MEMORYBLOCKCOUNT

260 |

2807

WRITETODESTINATIONS
(COMP_SKIP)
- WRITE TO DESTINATION 32(0)

WRITE TO DISK (BUFFERSTART,
DESTINATIONPOINTER-BUFFERSTART)

Y

N D
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9. The negp8qw%&7clain1l wherein, if the flag has the heterogeneous- page
val ue, the tontents of each page contai ni ng bytes ofpcanidogpdeg Vval ues
is conpressed and transferred to the buffer address in the buffer
regi on. 10. The method of claim| wherein the first nenory
is a volatile nenory, the data is Syfpem cont ext data, and the
transferring of the data is gde in order t0 transition to a zero-volt
suspend st at e. 10 @ 11. The nmethod of claiml wherein the nethod
further includes the step of ¢learing the buffer region in the first
conputer menory prior to storggejof gny dafa—Tn the puffgqr region.

12. The method of claim 11 whdrein e ste cl ear nqﬁthe buf fer region

i ncl udes storage of cont nt§>5g t he reg| ffifn the non-volatile
storage. 15 13. The|regi{od of ifm 1 whkg@Eiln the integer is
equal to one or two. 25%14. Th hod of &3:4i m 1 wherein the

t unit page size
15.

mul tiplied by an integer greater
of 4 kil obytes.

o
The met hod of claim L4 wherein e
16. A utility for transferringdipt §locateho coqgénﬁbb'n a menory bl ock
ina first conput er nmenofy|to 4 nqg-vofﬁiilggstor e, the menory

bl ock having a begi nhing addresscapdken 25 SFTSt pagerpthe utility

conpri si ng: ® means f&VS@ ting=H¥ag to affirst o
honogeneous-page valug if the fir \

first page has a length equal to g%giﬁory
&
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bl ock contains bytes solely of a first byte value or for setting the flag
value if the first page of the nenory bl ock

to a heterogeneous- page

contains b mul ti pl e val ues;
X$§§WQ}gddress in a buffer region in the first B

flag to a bufier

menory and increnenting the buffer address,

honogeneous- page val ue or

means for transf

If the flag has the f

erring the

sHsap1280

irst

24 for‘44uu#ﬁ¥ring at | 48 the contents of the first
page to the buffer addreps in e buffer regi on and serially
incrementing the buffer Hfdres®|during the transfer, if the flag has the
het er ogeneous- paggsval ugf and neans for evaluating the
buffer address after eacfgof3 incrementations of the buffer 5 address
and, if the buffer addre%:u:il @fleater than or equal to a buffer ending
address, transferring ol contents—ef—the—buf+er—te—the—roemvol atil e
storage and setting the E%Skddress equal to a begi nni ngtbuffer
addr ess. Z. Elg|utility of claim 16 wherein the sgtting
means includes setting t flgg(to a second 10 honpbgeneous- pagejval ue if
the first page of the nei?ry contains bytes solely of a secpnd
byte val ue; and the trang erriﬁk ngans i ncl s tragsferring the {lagyto
the buffer address in the ¢, ufdeer regi ontel n thgafirst conputef neRory
and increnmenting the buffeddiaddress, if the fhag hag the secend
honbgeneous- page val ue. = ,//
L9
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15

I ncl udes setting the flag to a

18. The utility of claim17 wherein the setting neans further
t hi rd honbgeneous-page value if the

first page WO renory bl ock contains bytes solely of aPCT/UsItivizad byt e

val ue;
t he buffer
and increnenting the buffer
honbgeneous- page val ue. 20

the transferring neans the flag to the buffer if the flag

het er ogeneous- page val ue.

wherein the utility includes neans for determ ning a nunber 25

addr ess,

20. The

utility of claim16

and the transferring neans further includes transferring the flag to

address in the buffer region in the first conputer nmenory

| f /!theflag has the third .
196. 2I'he utility of claim 16 wherein

has t he

of pages

cont ai ni ng by?fa)f It'Bg? al e he ag has the heterogeneous-page
value; and th - transfefri nyRIERTO DISK| udes transferring the nunber to
the buffer address in the bukfe(LOCAJION, SiZE) the first conputer nenory
and increnenting the buffer atdressT ' ag has the
het er ogeneous- page val u
25 510, SIZE -
((SIZE+SECTORSIZE-1)/
SECTORSIZE)*
SECTORSIZE
812\ \NCREMENT SECTORS 500
WRITTEN BY }f
SIZE/SECTORSIZE
u<
615

616

620~

SECTORS =
MAXIMUMTRANSFERSIZE/
SECTORSIZE

SECTORS =
SIZE/SECTORSIZE

mDISKWRITE
(LOCATION, SECTORS)

640~

Y

ADD SECTORS % SECTOR
SIZE TO LOCATION;
SUBTRACT SECTORS*
SECTORSIZE BYTES
FROM SiZE

641~

650
hg

EXIT )

T\

SUBSTITUTE SHEET (RULE 26)

J 645



21. The utility of claim16 wherein the nenory block is followed by a
menory hol e havi ng a nenory hol e | ength; the setting
nmeans i ncl wetegageisti ng the flag to a nenory hol e val ue;

the transferring means includes transferring the nenory- hﬁ?ﬂ"ﬁpﬁgzand t he

menory hole 5 |l ength to the buffer address in the buffer region in the
first conputer nenory and increnenting the buffer address.

22. The utility of claim16 wherein, if tﬂﬂ?flag has t he het erogeneous- page
val ue, the transferring neans i ncl udes conpressing and transferring
the contents of each page containing 10 bytes of nultiple values to the
buf fer address in the buffer region. 23. The nethod of claim
16 wherein the nenory block is a volatile nenory, the data is system

din of the data i order to
TLEN%}%JEHC’ m 7n 24. The

utility of clal prpfn t ffer r |on |n menory bl ock is cleared

prior to orage of| any data in th uffer region by storing the
contents of the pyfLer rlegion in t n- vol ati | gt or age. 20

25. The utility of clai i i integer is equ ? one_or_two.

26. The utility of i ne WRITETQragg|has |4 Ielvmevpgual tto a
nmenory man A / i nasrrmmm@nsl | DESTANATIORSS

than or equal to one 25 (TYRE)conI ter systQmNGm) an
operating system and I CS, ng opetatrg—syster et dned

/ p
devi ces including a r;thTym)Vock havi ng a begi nni ng address anc a first
page

Y 725\ Y

COMPRESSBLOCK
(START, LENGTH)

T 4

Y

7

TYPE= 40N
COMP_4kB, YES WRITETO-

COMP_4B DESTINATIONS

730

COMP 43$/ 1 (TYPE) 7 e
731 NO
5 72 |NO_
——732 A
WRITETO-
DESTINATIONS
(BYTE AT START)
770—~ "
——756 755 750y
YES DECREMENT
745~ Y | LENGTH BY
(e ) ue
757 JNO
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in a first conputer nenory and a non-vol atil e storage,

conprising a device for

menory bl ockyd ®nasmon-vol atil e storage,

26

the system
transferring data | ocated as content
t he device

s in the

Ccpotiugssneibst O:

set aflag to a first honpgeneous-page value if

the first page of the nenory bl ock contains bytes solely of a first
byte value or for setting the flag to a hegﬁ geneous-page value if

the first page of the nmenory bl ock contain Bﬁtes of multiple val ues;
transfer the flag to a buffer address in a buffer region in the first
conputer menory and 5 I ncrementing the buffer address, if the flag has
the first honpgeneous-page value or transfer at | east the contents of
the first page to tIg0Hfyuf the buffer reg serially

i ncr ement t he buf rpmaﬁm@BECKMﬂﬁn t he transferl"lD t flag has the
het er ogeneous- page val ue\ HAIECKPOINTER) eval uate the buffer address
after each of the increnentationg e buffer address and, if t he
buffer address is g&fﬁ%er t han of equal to a buffer ending address,
transfer the content the 10— buffer—to the non-volatile storage and set
the buffer address equal buf f er addr ess. 28.
The system of claim 27 wkgﬂgﬁKELﬂgﬁgé@%%e Is further configured to set the
flag to a second hdopgeneous-page alue if the first page of the

menory bl ock contains bytes solely of a 800
815 /

BYTE AT

CHECKPOINTER NO 817
SAME AS BYTE AT
CHECKPOINTER + 12
816— YES
820 WORD AT
CHECKPOINTER No (822
SAME AS WORD AT
CHECKPOINTER + 29
821— YES
830
825 0\ Y
O e
827 -
826 YES 840+
o YES _ |RETURNVALUE =
CHECKPOINTER IS S OMP KB "
836 -
837—NO
' 850~
845
BYTE AT i
CHECKPOINTER IS YES “EB‘;{,.“;“‘QQ%;E- -
! 846 -
847—NO
855\_ 860 L
RETURNVALUE = A\
COMP_4KB - EXT )
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second byte value or to a third honbgeneous-page value if the first page of
the menory block 15 contains bytes solely of a third byte value and to
transfer the flag to the buffer address in the buf f er glon in the
first compWP&M468hory and i ncrenent the buffer address, |‘1C1'f‘¥$é M2y has the
second honpbgeneous-page val ue or third honbgeneous- page val ue. -
29. The systemof claim 27 wherein the device is configured to determ ne a
nunber of 20 pages containing bytes of gfptiple values if the flag has

t he het erogeneous-page value and to transfer the nunber to the buffer
address in the buffer region in the first conmputer nmenory and to

increment the buffer address, if the flag has the heterogeneous-page val ue.
30. The system of claim 27 wherein the nmenory block is followed by a nenory
hol e 25 having a nenory hole | ength and the device is farther configured
to set the flag to a nenory hol e value and to transfer the nenory-hol e
flag and the nenory hole length to the buffer address in the buffer
region in the first conputer nenory and to i ncrenent the buffer address.

FIG. 9

905
vk )

910~ Y

SOURCEPOINTER = 1MB,; 900
DESTINATIONPOINTER = BUFFERSTART; /
DESTINATIONEND = DESTINATIONPOINTER

P

915~ y

BYTESRESTORED =
mS2DRESTOREBLOCK
DESTINATIONPOINTER)

93
0\ 920

921

END OF DATA?

922~{NO
925\

ADD
BYTESRESTORED TO
SOURCEPOINTER

935
o D)
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31. The system of claim 27 wherein the device is further configured to, if

the flag havsv t he het er ogeneous- page val ue, conpress and transfer the
contents of Y@a¥hhge containing bytes of mul tiple vAGIESHERNe
buffer address in the buffer region. 5 32. A conputer-readabl e

storage device having a utility for transferring data | ocated as
contents in a nenory block in a first conpgjper nmenory to a non-volatile

storage, the nenory bl ock having a begi nning address and a first page,
the utility conprising: means for setting a flag to a first
honobgeneous- page value if the first page of the nmenory bl ock cont ai ns

bytes solely of a first byte value or for setting the flag to a
heterogeneous-f)Qane | O value if the first page of the nmenory bl ock
sTP NI

contai ns byte | tiple val ues; nmeans for transferring the
flag to a buffers,address._ 1. a bulNer region in the first conputer

menory and incr?pﬁggTQﬁE WHet address, if theﬁ}&g the first
hom)geneous-p or transferring at st e contents of
the first page 1’0 Yhe bulffer address inthﬂgdbuffer regi on and serially
I ncrenmenting the BHW’QES PE:du I ng tk}é ransfer, if the flag has the
het er ogeneous- ﬁ?ADFFRﬁ@% A’ﬁ'N . nmeans for evaluating the
buf fer address |after each of Re crenmentations of the buffer addr ess
and, if the buffer—address——s—geater than or equal to a buffer ending
address, transferring t he coﬁﬂﬂﬂt\s of the buffgr tot d039«l atil e
storage and selQlidng t er addregs—equat—to 1025 20 ﬁﬁg :

address. 20 YE§ | SFEURNVALUB®=(

setting nmeans i cTami| gREADFRO 0 QAL EQGETTEOURF-PATA
value if the first pPagSKiR? IHE 10¢g0r y PBS BRATINGR( ) : olﬁb/ FLAGOT |a
second byte val ue or I‘? g’]i rd honodeneous-page val ue i INORE ' 7o st—pgge—of
t he nenory bl oéQ ON ns byf@d40 solely of a third byte value; and the
transferring nE@as, i des_t ransf er it o|the buffer address
in the buffer regiomng NSt ' nw‘-encuii ae)

t he buffer addrée ag & he SOURCEPOINTERg E IS- page val ue or
has the third . petggfsige | vRETERNVALUE = 4KB
1045
YES| WRITE 4KB OxFF AT
TYPE==COMP_ SOURCEPOINTER; ot

4KBFF2~"1046 RETURNVALUE = 4KB

VALUE = READFROM-

DESTINATIONS( );
WRITE 4KB OF VALUE AT
SOURCEPOINTER;
RETURNVALUE = 4KB
1070
1065 A
COMPRESSION™_YES RETURNVALUE =
TYPE =C%hj"o:’_ DECOMPRESS- -
TYPE1? 1066 BLOCK()
1075 1067-JNO
DISPLAY ERROR 1080» Y
CONDITION; o EXIT )
SET EI\I!:%)(?DATA U .
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28 34. The storage nmedium of claim32 wherein the
utility further includes neans for determ ning a nunber of pages

cont ai ni ng §67gf mul tiplevalues if the flag has the

het er ogeneous- page val ue; and the transferring neans incl RGEUSEAMR o1 ring
the nunber to the 5 buffer address in the buffer region in the first

conputer nenory and increnenting the buffer address, if the flag has
t he het er ogeneous- page val ue. fi/12 35. The storage medi um of
cl ai m 32 wherein: the nenory block is foll owed by a nmenory
hol e having a nenory hole | ength; 10 the setting nmeans includes &
setting the flag to a nenory hol e val ue; and ‘ e aRsher r Mg
means i ncludes transferring the nmenory-hole flad ang—tRe—aenpry -~
| ength to the buffer address in the buffer regidqn ip t;thi‘_[st ter
menory and increnenting t he buffer address. %’% Z
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15 36. The storage nedi um of claim 32 wherein,
t he het er ogeneous- page
conpressing and transferring the contents of each page

val ue,

cont ai ni ng

bytes of mydédplsgrsval ues to the buffer address in the buf befuseiopis.

37. The storage nedium of claim 32 wherein the conputer readabl e storage
a mcro rocessor with integrated nenory,

mediumis a 20

fi xed or hard disc,

29

1310 4

menory devi ce,

( FILLBUFFER )

READLOCATION =
BUFFERSTART;
SECTORSTOREAD =
BUFFERSIZE/
SECTORSIZE

a conpact di sc,

/13r a floppy disk.

SECTORSWRITTEN

1330

SECTORS=
MAXIMUMTRANSFER-|
SIZE/SECTORSIZE

1345 \ {

1340\

SECTORS=
SECTORSTOREAD

READFROMDISK
(READLOCATION,

SECTORS)

1350\ 1

SUBTRACT SECTORS FROM

SECTORSTOREAD;

ADD SECTORS -+ SECTORSIZE

TO READLOCATION,;

DECREMENT SECTORSWRITTEN

BY SECTORS

1356
| YES

SECTORS-
TOREAD>0?

1355 1357

NO

1360

IDESTINATIONPOINTER=
BUFFERSTART:

DESTINATIONEND=
READLOCATION

1365 \
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(54) Title: DATA TRANSFER TO A NON-VOLATILE STORAGE MEDIUM
(57) Abstract

To improve the speed of transition to the zero-volt suspend state, system coutext is saved from volatile random access memory
to non-volafile memory, such as a hard disk, vsing a compression algorithm which speeds the transfer of data to non-volatile memory
by recognizing data pages having bytes of a single value. The system context in extended memory of RAM consists of a number of
system context memory blocks, and between these memory blocks are memory holes containing information which does not require storage.
Initially, the entirety of data in a buffer region of RAM is stored directly to disk. Then, successive pages from ¢ach system context
memory block are transferred to the buffer, where the page size comresponds to the memory management unit page size. When testing
locates a region of heterogeneous entries, then a heterogeneous data flag, the length of the heterogeneous region, and the heterogeneous
data region are transferred to the buffer. When testing determines that a page contains bytes of a single value, then a compression flag
representing that value Is substituted for that page. When a memory hole is reached, a memory hole flag and the size of the memory hole
are transferred to the buffer, On each transfer of a byte of data to the buffer it is determined whether the buffer is full, and when it is full
then a write-to—disk is performed, To transition from the zero-volt suspend state back to an operational state, bytes are transferred from
the bard disk to the buffer whenever all the bytes currently in the buffer have been transferred to extended memory. When testing of the
buffer entries locates a heterogeneous data flag, the value immediately following the flag is determined, and a data region having a length
of that value is transferred to extended memory. When a compression flag is found, a 4 kilobyte page of the corresponding byte value is
transferred to extended memory. When a memory hole flag is found, a memory hole with a length of the value immediately following the
memory hole flag is created in extended memory.




