United States Patent

US007707232B2

(12) (10) Patent No.: US 7,707,232 B2
Dussud et al. (45) Date of Patent: Apr. 27,2010
(54) IMPLEMENTATION FOR COLLECTING 6,314,435 B1* 112001 Wollrath et al. ............. 707/206
UNMANAGED MEMORY 6,598,141 B1* 7/2003 Dussudetal. .... ... 711/170
6,618,738 B2* 9/2003 Ozawaetal. ..... ... 707/206
(75) Inventors: Cedric Patrick Dussud, Seattle, WA g’;g’igg E}: ggggj %’Iomsmi o ;ﬁﬁgg
e . , 763, raversat et al. ..
(US): Yin Xie, Bellevue, WA (US) 6,865,657 B1* 3/2005 Traversatetal. ............ 711/170
. . . 6,898,611 B1* 5/2005 D detal. ... ... 707/206
(73) Assignee: Microsoft Corporation, Redmond, WA 7,051,026 B2*  5/2006 BZrSrS; eteafl .................... 707/8
Us) 7,634,510 B2* 12/2000 Marwah ....oooooeccr..o. 707/202
. ) ) o ) 2002/0165870 Al* 11/2002 Chakraborty etal. ....... 707/206
(*) Notice:  Subject to any disclaimer, the term of this 2003/0191783 Al* 10/2003 Wolczko et al. ....... .. 707/206
patent is extended or adjusted under 35 2004/0088338 Al* 52004 Garthwaite ....... ... 707/206
U.S.C. 154(b) by 911 days. 2006/0095427 Al*  5/2006 Dickenson ................. 707/6
2006/0167961 ALl*  7/2006 FOX ..covrveveeeeeeenenannnnne 707/206
21) Appl. No.: 11/129,545
(1) Appl. No ’ OTHER PUBLICATIONS
(22) Filed: May 13, 2005 Richter, Jeffrey., “Garbage Collection: Automatic Memory Manage-
. L. ment in the Microsoft NET Framework”, Dec. 2000, MSDN Maga-
(65) Prior Publication Data zine, December Edition, pp. 1-8.*
US 2006/0259528 A1 Nov. 16, 2006 * cited by examiner
(51) Int.ClL Primary Examiner—Pierre M Vital
GO6F 12/02 (2006.01) Assistant Examiner—Christopher P Nofal
(52) US.CL ... 707/819; 711/159; 711/E12.012;  (74) Attorney, Agent, or Firm—Workman Nydegger
707/999.206
(58) Field of Classification Search ....................... None 67 ABSTRACT
See application file for complete search history. A method and system for garbage collecting managed and
(56) References Cited unmanaged memory that is no longer referenced. The time

U.S. PATENT DOCUMENTS

5,604,902 A * 2/1997 Burkesetal. .............. 707/206
5,765,174 A * 6/1998 Bishop 707/206
6,065,020 A * 5/2000 Dussud ........ccocuviinnnns 707/206
6,300,962 B1* 10/2001 Wishoffetal. .............. 345/543

between allocations is compared with a threshold to deter-
mine if the garbage collector needs to collect unused memory.
Unmanaged memory referenced by objects in the unused
managed memory may be freed during the collection.

16 Claims, 5 Drawing Sheets

405

| ALLOCATIONMONITOR I\,\ 410

ADD(812E)

ADD SIZE TO
TOTALMEMORY

Is
TOTALMEMORY
> MEMORY
HRESHOLD'

Y

ET X = CURRENT TIME
LET Y = LAST ALLOCATION TIME 425
LET Z = LAST COLLECTION TIME N

415

420
455

EnD

STORE CURRENT
TIME AS LAST
ALLOCATION TIME

430

COLLECTION

CAUSE A GARBAGE

IsX~-Z>
COLLECTION
HRESHOLD'

TIME AS LAST

STORE CURRENT

COLLECTION TIME

G



US 7,707,232 B2

Sheet 1 of 5

Apr. 27,2010

U.S. Patent

SWV¥90ud sno 001 .
S81  Nowvonddy Lol \/m—Js_ \ L "9OId4
8 e T S3NAON 7  —
<7 %" auvomay VIVa|  wyuooug|  swvasoug |7 WALSAS
. F B Eireorch Wvdo0ud w.ﬂ ¥3HIO| NOlVDIddy | ONMVY¥3HO
— ﬂNF @ - .----.-- .--- -- = —
P ”~
SH3LNdNOD -
310W3Y W3IAOW [ -
2} / v _ -
\ MEOMLIN VIHY 3aIM cll +| mv P
IIIIIIII M B e
08l “ — [— M “
\, 197 vy «omp ./mo,_&mmpz_lL Pl _
LiL _ aovaaing | [FOVREIN AMOWIN _ 3OVANAIN| 76T viva _
zmozﬁ._z_ AndNj “IOA-NON AHOW3IN “TOA-NON AVI90ud _
MHOMLIN _ y3asn I1EVAONTY I19VAONIY-NON |
VMY 001 ——roon |
! WvHD0ud ¥3HLO “
sumdvads | | I
_ SNG WALSAS ST SWYV90¥d |
\ _ NOILYOrddY I
o 8| N |
I T WN3iSAS |
¥3ING X 3OVANILN| ONILYNIdO '
-~ VH3HdRad moM“M_u.,_.z_ \ Zer (av) |
_ 20400 J \. LINN ONISS300Yd g, |
| S61 06l 0ZL TET sog I
_ et (wow) “
_ o T owawwaisas |
| i




US 7,707,232 B2

Sheet 2 of 5

Apr. 27,2010

U.S. Patent

SV~

HOLINOW NOILVYOOTTY

dO103T10D IOoVaVD

gzez

0£ZA|  W3LSAS ONILYHIJO

0ce
0FC Y vivQg 3ovi| AYOW3N
T Q3OVNVWNA
(4] %4
gez \M 103r80 39V | AMOWIN
5 G3DVYNVIN
G0C N\ WYd904d

¢ "Old



U.S. Patent Apr. 27,2010 Sheet 3 of 5 US 7,707,232 B2

w
- =
-
(3P
~\ -
2V
m
Q
W N\ -

TO

MEMORY
USAGE
-



U.S. Patent Apr. 27,2010 Sheet 4 of 5 US 7,707,232 B2

FIG. 4

ALLOCATIONMONITOR
ADD(SIZE)

!

ADD SIZE TO
TOTALMEMORY

/410

/415

420

Is

TOTALMEMORY
> MEMORY

HRESHOLD?

LET X = CURRENT TIME
LET Y = LAST ALLOCATION TIME {/\425
LET Z = LAST COLLECTION TIME N

y
STORE CURRENT
TIME AS LAST ("N430
ALLOCATION TIME

435 440

IsX-Y>
ALLOCATION
HRESHOLD?

IsX~-Z>
COLLECTION
HRESHOLD?

CAUSE A GARBAGE
COLLECTION
y
STORE CURRENT
TIME AS LAST (L "\450
COLLECTION TIME

445~




U.S. Patent Apr. 27,2010 Sheet 5 of 5 US 7,707,232 B2

FIG. 5

( smarr ) s05

ALLOCATIONMONITOR 510
REMOVE(SIZE)

y
SUBTRACT SIZE FROM

TOTALMEMORY

/515

Y
( END )J\SZO




US 7,707,232 B2

1

IMPLEMENTATION FOR COLLECTING
UNMANAGED MEMORY

FIELD OF THE INVENTION

The invention relates generally to computers, and more
particularly to memory management.

BACKGROUND

Many modern programs execute in an environment in
which memory is managed by a memory manager known as
a garbage collector. In response to a request for memory, the
garbage collector finds a sufficient amount of free memory
and allocates it to the program. The program may then use the
memory until it no longer needs the memory. The program
may not explicitly inform the garbage collector that it is done
using the memory. Instead, periodically, the garbage collector
performs a garbage collection.

The garbage collector is responsible for determining which
memory blocks are no longer being used by the program. The
garbage collector may do this by traversing the objects asso-
ciated with a program and marking the memory blocks they
are using. If an allocated memory location is no longer refer-
enced by an object of the program, the garbage collector may
indicate that the allocated memory location may be returned
to the free pool of memory locations.

The garbage collector may collect on a periodic schedule.
If an object remains referenced at the end of a period, the
garbage collector may determine that the object is longer-
lived and place it with a collection of objects that are checked
less frequently to determine if they are still referenced by the
program. I[fan object in this collection is still referenced when
the garbage collector checks the collection, the object may be
moved to yet another collection of objects which is checked
even less frequently. This is known as generational garbage
collection, and each of these collections are known as gen-
erations. The difference in time between checking objects in
one generation as compared to another generation may be
100:1 or more. Garbage collectors use various heuristics to
decide when to collect various generations.

Unfortunately, objects that are in any generation may cease
to be referenced immediately or shortly after being placed in
the generation and continue to tie up memory until garbage
collection for their generation occurs. If an object in an infre-
quently-collected generation has a larger size than the gar-
bage collector is aware of, the garbage collector’s heuristics
may not work well and this can cause a great deal of memory
to be consumed. Examples include, but are not limited to,
when a small managed object references a very large amount
of unmanaged memory.

What is needed is an improved method and system for
tracking and garbage collecting memory of a size larger than
the garbage collector is aware of.

SUMMARY

Briefly, in one aspect, the present invention provides a
method and system for properly garbage collecting memory
that is no longer referenced. In managed code environments it
is possible for managed objects to allocate unmanaged
memory. A garbage collector may be unaware of the unman-
aged memory and may thus choose not to collect or defer
collection of the managed objects, essentially leaking
memory. An aspect of the present invention tracks unman-
aged memory allocations by managed objects and forces a
garbage collection when the time between subsequent allo-
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cations is greater than a threshold. Unmanaged memory ref-
erenced by managed memory may be freed during the col-
lection.

Other aspects will become apparent from the following
detailed description when taken in conjunction with the draw-
ings, in which:

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram representing a computer system
into which the present invention may be incorporated;

FIG. 2 is a block diagram that generally represents exem-
plary components of an environment in which the present
invention may operate in accordance with various aspects of
the invention;

FIG. 3 is a graph showing memory usage for objects
needed by an exemplary program over time in accordance
with various aspects of the invention; and

FIGS. 4 and 5 are flow diagrams that generally represent
actions that may occur to efficiently garbage collect unused
memory in accordance with various aspects of the invention

DETAILED DESCRIPTION
Exemplary Operating Environment

FIG. 1 illustrates an example of a suitable computing sys-
tem environment 100 on which the invention may be imple-
mented. The computing system environment 100 is only one
example of a suitable computing environment and is not
intended to suggest any limitation as to the scope of use or
functionality of the invention. Neither should the computing
environment 100 be interpreted as having any dependency or
requirement relating to any one or combination of compo-
nents illustrated in the exemplary operating environment 100.

The invention is operational with numerous other general
purpose or special purpose computing system environments
or configurations. Examples of well known computing sys-
tems, environments, and/or configurations that may be suit-
able for use with the invention include, but are not limited to,
personal computers, server computers, hand-held or laptop
devices, multiprocessor systems, microcontroller-based sys-
tems, set top boxes, programmable consumer electronics,
network PCs, minicomputers, mainframe computers, distrib-
uted computing environments that include any of the above
systems or devices, and the like.

The invention may be described in the general context of
computer-executable instructions, such as program modules,
being executed by a computer. Generally, program modules
include routines, programs, objects, components, data struc-
tures, and so forth, which perform particular tasks or imple-
ment particular abstract data types. The invention may also be
practiced in distributed computing environments where tasks
are performed by remote processing devices that are linked
through a communications network. In a distributed comput-
ing environment, program modules may be located in both
local and remote computer storage media including memory
storage devices.

With reference to FIG. 1, an exemplary system for imple-
menting the invention includes a general-purpose computing
device in the form of a computer 110. Components of the
computer 110 may include, but are not limited to, a process-
ing unit 120, a system memory 130, and a system bus 121 that
couples various system components including the system
memory to the processing unit 120. The system bus 121 may
be any of several types of bus structures including a memory
bus or memory controller, a peripheral bus, and a local bus
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using any of a variety of bus architectures. By way of
example, and not limitation, such architectures include Indus-
try Standard Architecture (ISA) bus, Micro Channel Archi-
tecture (MCA) bus, Enhanced ISA (EISA) bus, Video Elec-
tronics Standards Association (VESA) local bus, and
Peripheral Component Interconnect (PCI) bus also known as
Mezzanine bus.

Computer 110 typically includes a variety of computer-
readable media. Computer-readable media can be any avail-
able media that can be accessed by the computer 110 and
includes both volatile and nonvolatile media, and removable
and non-removable media. By way of example, and not limi-
tation, computer-readable media may comprise computer
storage media and communication media. Computer storage
media includes both volatile and nonvolatile, removable and
non-removable media implemented in any method or tech-
nology for storage of information such as computer-readable
instructions, data structures, program modules, or other data.
Computer storage media includes, but is not limited to, RAM,
ROM, EEPROM, flash memory or other memory technology,
CD-ROM, digital versatile disks (DVD) or other optical disk
storage, magnetic cassettes, magnetic tape, magnetic disk
storage or other magnetic storage devices, or any other
medium which can be used to store the desired information
and which can accessed by the computer 110. Communica-
tion media typically embodies computer-readable instruc-
tions, data structures, program modules, or other data in a
modulated data signal such as a carrier wave or other transport
mechanism and includes any information delivery media. The
term “modulated data signal” means a signal that has one or
more of its characteristics set or changed in such a manner as
to encode information in the signal. By way of example, and
not limitation, communication media includes wired media
such as a wired network or direct-wired connection, and
wireless media such as acoustic, RF, infrared and other wire-
less media. Combinations of the any of the above should also
be included within the scope of computer-readable media.

The system memory 130 includes computer storage media
in the form of volatile and/or nonvolatile memory such as read
only memory (ROM) 131 and random access memory
(RAM) 132. A basic input/output system 133 (BIOS), con-
taining the basic routines that help to transfer information
between elements within computer 110, such as during start-
up, is typically stored in ROM 131. RAM 132 typically con-
tains data and/or program modules that are immediately
accessible to and/or presently being operated on by process-
ing unit 120. By way of example, and not limitation, FIG. 1
illustrates operating system 134, application programs 135,
other program modules 136, and program data 137.

The computer 110 may also include other removable/non-
removable, volatile/nonvolatile computer storage media. By
way of example only, FIG. 1 illustrates a hard disk drive 141
that reads from or writes to non-removable, nonvolatile mag-
netic media, a magnetic disk drive 151 that reads from or
writes to a removable, nonvolatile magnetic disk 152, and an
optical disk drive 155 that reads from or writes to a remov-
able, nonvolatile optical disk 156 such as a CD ROM or other
optical media. Other removable/non-removable, volatile/
nonvolatile computer storage media that can be used in the
exemplary operating environment include, but are not limited
to, magnetic tape cassettes, flash memory cards, digital ver-
satile disks, digital video tape, solid state RAM, solid state
ROM, and the like. The hard disk drive 141 is typically
connected to the system bus 121 through a non-removable
memory interface such as interface 140, and magnetic disk
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drive 151 and optical disk drive 155 are typically connected to
the system bus 121 by a removable memory interface, such as
interface 150.

The drives and their associated computer storage media,
discussed above and illustrated in FIG. 1, provide storage of
computer-readable instructions, data structures, program
modules, and other data for the computer 110. In FIG. 1, for
example, hard disk drive 141 is illustrated as storing operating
system 144, application programs 145, other program mod-
ules 146, and program data 147. Note that these components
can either be the same as or different from operating system
134, application programs 135, other program modules 136,
and program data 137. Operating system 144, application
programs 145, other program modules 146, and program data
147 are given different numbers herein to illustrate that, at a
minimum, they are different copies. A user may enter com-
mands and information into the computer 110 through input
devices such as a keyboard 162 and pointing device 161,
commonly referred to as a mouse, trackball or touch pad.
Other input devices (not shown) may include a microphone,
joystick, game pad, satellite dish, scanner, a touch-sensitive
screen of a handheld PC or other writing tablet, or the like.
These and other input devices are often connected to the
processing unit 120 through a user input interface 160 that is
coupled to the system bus, but may be connected by other
interface and bus structures, such as a parallel port, game port
orauniversal serial bus (USB). A monitor 191 or other type of
display device is also connected to the system bus 121 via an
interface, such as a video interface 190. In addition to the
monitor, computers may also include other peripheral output
devices such as speakers 197 and printer 196, which may be
connected through an output peripheral interface 195.

The computer 110 may operate in a networked environ-
ment using logical connections to one or more remote com-
puters, such as a remote computer 180. The remote computer
180 may be a personal computer, a server, a router, a network
PC, a peer device or other common network node, and typi-
cally includes many or all of the elements described above
relative to the computer 110, although only a memory storage
device 181 has been illustrated in FIG. 1. The logical connec-
tions depicted in FIG. 1 include a local area network (LAN)
171 and a wide area network (WAN) 173, but may also
include other networks. Such networking environments are
commonplace in offices, enterprise-wide computer networks,
intranets and the Internet.

When used in a LAN networking environment, the com-
puter 110 is connected to the LAN 171 through a network
interface or adapter 170. When used in a WAN networking
environment, the computer 110 typically includes a modem
172 or other means for establishing communications over the
WAN 173, such as the Internet. The modem 172, which may
be internal or external, may be connected to the system bus
121 via the user input interface 160 or other appropriate
mechanism. In a networked environment, program modules
depicted relative to the computer 110, or portions thereof,
may be stored in the remote memory storage device. By way
of example, and not limitation, FIG. 1 illustrates remote
application programs 185 as residing on memory device 181.
It will be appreciated that the network connections shown are
exemplary and other means of establishing a communications
link between the computers may be used.

Memory Management

When writing a program in unmanaged code, a developer
may explicitly allocate and free memory for each object used
by the program. If the program fails to allocate memory for an
object and then attempts to use the object (e.g., via a pointer),



US 7,707,232 B2

5

errors may occur. Ifthe program fails to free memory after the
object is no longer needed, the memory may become inac-
cessible for future allocations as a memory allocator may
believe that the memory is still in use. Not freeing memory
after it is no longer needed is sometimes called a memory leak
and may lead to performance degradation or a system crash.

In managed code, a developer may not be required to
explicitly release managed memory. For example, the pro-
gram may create an object, use the object as long as desired,
and then cease referencing the object. A memory manager
known as a garbage collector may allocate memory for the
object. Some time after the program stops referencing the
object, the garbage collector may determine whether the
object is referenced and, if not, may free memory associated
with the object.

In a managed code, a program may reference an object
until the object goes out of scope (e.g., a method is exited) or
until the program causes all variables associated with the
object to be associated with nothing (or null)).

FIG. 2 is a block diagram that generally represents exem-
plary components of an environment in which the present
invention may operate in accordance with various aspects of
the invention. The environment may include a program 205,
memory 210, a garbage collector 225, an allocation monitor
245, and an operating system (OS) 230. The memory 210 may
include managed memory 215 and unmanaged memory 220.

In operation, the program 205 may request that an object be
created via an API or declaration. The garbage collector 225
may then locate available memory, find a suitable block of
memory, and return a reference by which the program 205
may access the memory.

A garbage collector (e.g., garbage collector 225) may peri-
odically locate memory that is no longer referenced so that the
memory can be returned to a free pool of memory managed
(e.g., managed memory 215) by the garbage collector 225.

Memory blocks associated with objects may be associated
with 3 or more sets (sometimes called “generations”). The
first generation (sometimes called “gen 0”) may be associated
with memory blocks that have most recently been allocated
(e.g., since the garbage collector 225 last performed a collec-
tion). When collecting free memory blocks associated with
gen 0, the garbage collector 225 may associate any memory
blocks not returned to the free pool with the second genera-
tion (sometimes called “gen 17).

The garbage collector 225 may attempt to collect free
memory blocks from the memory blocks associated with gen
1 on a less frequent basis than collecting free memory from
the memory blocks associated with gen 0. This may be done
to avoid processing overhead as performing a garbage collec-
tion frequently may consume substantial processing
resources. Furthermore, if a program continues to reference a
memory block for more than one generation, it may be more
likely that the memory block may be used for a longer-lived
object. Attempting to collect a memory block associated with
a longer-lived object too frequently may waste valuable
resources.

If'the garbage collector 225 chooses to collect free memory
blocks from the gen 1 memory blocks and finds memory
blocks still referenced by objects, the garbage collector 225
may associate these memory blocks with yet another genera-
tion (sometimes called “gen 2”). The garbage collector 225
may attempt to collect free memory blocks from the memory
blocks associated with gen 2 even less frequently than the
memory blocks associated with gen 1. In some implementa-
tions, a garbage collector 225 may collect free memory asso-
ciated with gen O ten times more frequently than the garbage
collector 225 collects free memory associated with gen 1.

20

25

30

35

40

45

50

55

60

65

6

Furthermore, the garbage collector 225 may collect free
memory associated with gen 1 ten times more frequently than
the garbage collector 225 collects free memory associated
with gen 2.

Sometimes, the amount of memory associated with a gen-
eration influences how often the garbage collector 225
chooses to collect free memory associated with the genera-
tion. For example, if the memory blocks that are associated
with gen 2 consume a large portion of available memory (e.g.,
many megabytes), the garbage collector 225 may more fre-
quently attempt to collect free memory associated with the
gen 2 generation because of the possibility of reclaiming a
large chunk of memory. If the memory blocks associated with
gen 2 consume a relatively small portion of memory, on the
other hand, the garbage collector 225 may not attempt to
collect any free memory blocks associated with gen 2 because
of the relatively small amount of memory that may be
obtained for the work performed.

More or fewer generations and other frequencies for col-
lecting free memory blocks associated with each generation
may be employed without departing from the spirit or scope
of the present invention.

A problem arises when a small object (e.g., image object
235) stored in the managed memory 215 allocates a large
amount of memory (e.g., image data 240) from the unman-
aged memory 220. The garbage collector is typically unaware
that the managed object has allocated unmanaged memory. If
this object lives long enough to be associated with the gen 2
generation, the object may not be returned to the free pool of
memory until the program 205 closes. If there is more than
one of these small objects which allocate a large amount of
unmanaged memory, the effects on free memory are magni-
fied. In some modern programs, this may result in programs
with hundreds of megabytes of memory allocated to them,
even though they are only using a small portion of that
memory. This is particularly true for program that access
images.

The program 205 may request that the image object 235 be
created by calling an API and passing the name of a file that
includes the image. For example, a developer may place the
following line of code in an application:

Mylmage=newImage(“file.jpg”);

The API may then create the image object 235 in the
managed memory 215 and may also decode the file, allocate
a memory block from the unmanaged memory 220, place the
image data 240 into the unmanaged memory 220, and register
afinalizer for the image object 235 with the garbage collector.
Mylmage references the image object 235.

If the memory associated with the image object 235 is still
referenced by the program 205, the memory is not freed. If the
memory associated with the image object is not referenced by
the program 205, the garbage collector 225 may call a final-
izer of the image object. The finalizer may then free the
memory associated with the image data 240 in the unman-
aged memory 220 and return to the garbage collector 225. The
garbage collector 225 may then return the memory associated
with the image object 235 to a free pool for subsequent use.

FIG. 3 is a graph showing memory usage for objects
needed by an exemplary program over time in accordance
with various aspects of the invention. The memory usage axis
shows combined managed and unmanaged memory used
each shown point. The graph assumes that memory is
returned to the free pool immediately after the program no
longer needs it.

At time T0, the program begins. At time T1, the program
begins rapidly requesting memory. This may occur, for
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example, when loading a new Web page or requesting that the
program displaying a page showing several images (e.g.,
viewing a photo album).

Shortly after T1, allocations occur relatively quickly as a
program attempts to allocate memory for all objects needed to
display a particular page. In faster computers, the time
between allocations may be on the order of a few millisec-
onds. On slower computers, the time between allocations may
be on the order of a few hundred milliseconds. On almost all
machines, during typical allocations for images (e.g., a few
megabytes each), the allocations will be closer than 1 second
apart.

At time T2, the program suddenly stops using the memory
it previously requested. For example, the user may navigate to
a different window in the application. When navigating to the
different window, the previously displayed images may no
longer need to be displayed or retained in memory.

Attime T3, the program begins rapidly requesting memory
again. The program may do so in response to the images
associated with the window to which the user navigated, for
example.

Because the graph assumes that memory is returned to the
free pool immediately after the program no longer needs it,
the graph may not represent the actual memory usage. For
example, referring to FIGS. 2 and 5, a garbage collector 225
may not collect unused memory right after the drop at T2.
Furthermore, because the garbage collector 225 may examine
managed memory, the garbage collector 225 may not even
attempt to collect the unused memory as the managed
memory used by the objects may be very small and not
considered worth checking even though the unmanaged
memory associated with the objects may be very large.

To cause the garbage collector 225 to collect the unused
managed memory (and hence call finalizers that release the
unused unmanaged memory), the allocation monitor 245 may
track allocations and the time between allocations. The allo-
cation monitor 245 may be part of a set of components that
provide enhanced graphics functionality. For example,
instead of'including code to animate an image, a program may
simply call an API that accesses the set of components to
animate the image.

When an allocation is less than or equal to an allocation
threshold (e.g., 1 second), the allocation monitor may deter-
mine that memory is being rapidly allocated to be used for a
while by the program. When an allocation occurs after the
most recent allocation at a time greater than the allocation
threshold, the allocation monitor may determine that the pro-
gram has stopped referencing the memory it previously used
(e.g., in response to the user navigating to a new page) and is
allocating memory for another use (e.g., to display a new
page).

At this point, the allocation monitor 245 may cause the
garbage collector 225 to collect any unused memory. The
allocation monitor 245 may request that the garbage collector
225 perform a gen 1 or gen 2 (or higher generation if'it exists)
garbage collection. If the memory is no longer in use, this may
result in substantial unmanaged memory being returned to the
free pool.

The allocation monitor 245 may also track how long it has
been since the last gen 1 or gen 2 (or higher if it exists)
garbage collection. If the time is longer than a collection
threshold (e.g., 30 seconds or more), the allocation monitor
245 may cause the garbage collect 225 to collect unused
memory. Some programs may continue to allocate frequently
over an extended period of time, even though they stopped
referencing portions of the memory over the time. If a higher
level collection (e.g., gen 2) has not occurred for a substantial
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amount of time, a gen 2 collection may need to be performed
in order to reclaim the unreferenced memory. Even if the
program s still using all its allocated memory, a gen 2 garbage
collection every collection threshold period may not notice-
ably degrade performance.

The allocation threshold and garbage collection thresholds
may be fixed by a developer during development, may be
computed based on a computer’s characteristics (e.g.,
memory size, speed, and so forth), may be tuned based on
success in freeing unused memory on a particular computer,
or may be selected (e.g., by a user, computer developer, or
system administrator).

FIGS. 4 and 5 are flow diagrams that generally represent
actions that may occur to efficiently garbage collect unused
memory in accordance with various aspects of the invention.
Turning to FIG. 4, at block 405, the actions start.

Atblock 410, an allocation monitor is called and passed the
size of unmanaged memory associated with an object. The
allocation manager adds the size to a variable (e.g.,
TotalMemory) that indicates the total amount of memory
tracked by the allocation manager.

At block 420, a determination is made as to whether the
TotalMemory is greater than a threshold (e.g., 500 KB or 1
MB). If so, the actions continue at block 425. If not, the
actions continue at block 455. The threshold may be select-
able (e.g., at or before run time) or fixed (e.g., at development
time). When the total memory tracked by the allocation moni-
tor is less than or equal to the threshold, no further actions
need to be performed. This may be done, for example, to
reduce overhead, particularly when memory usage is low.

At block 425, variables may be set to the current time, the
last allocation time, and the last collection time. In other
embodiments, these values are obtained during comparison
blocks 435 and may not be assigned to additional variables.

At block 430, the allocation time of the current allocation is
stored. This is done so that this value may be used in subse-
quent iterations of the actions described in conjunction with
FIG. 4.

At block 435, a determination is made as to whether the
current time the last allocation time is greater than an alloca-
tion threshold. If so, the actions continue at block 445; oth-
erwise, the actions continue at block 440. As mentioned pre-
viously, when the time from the last allocation threshold is
small, this may indicate that the program is in an allocation
phase. When the time from the last allocation is relatively
large, this may indicate that the program is in a new allocation
phase that follows an old allocation phase.

At block 440, a determination is made as to whether the
current time the last collection time is greater than a collection
threshold. If so, the actions continue at block 445; otherwise,
the actions continue at block 455. As mentioned previously,
this may be done to collect unused memory in programs that
quickly allocate memory (and stop referencing at least some
of the memory) for an extended period of time.

At block 445, a garbage collector performs a garbage col-
lection. The garbage collector may be instructed to collect
garbage from any one or more generations.

At block 450, the last collection time is stored for use in
subsequent iterations of the actions associated with block
440.

At blocks 455 and 460, the actions end. The actions
described in conjunction with FIG. 4 may be repeated each
time new memory is allocated. In some embodiments, the
actions described in conjunction with FIG. 4 are performed
when managed memory that references unmanaged memory
is allocated. In some embodiments, the actions described in
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conjunction with FIG. 4 are performed when memory is
allocated (both in managed and unmanaged memory) for an
image object.

Turning to FIG. 5, the actions start at block 505. At block
510, the allocation monitor is called and passed a size param-
eter that indicates the amount of unmanaged memory that has
been or is about to be freed. A finalizer that is called by a
garbage collector before memory associated with an object in
managed memory is returned to a free pool may call the
method and pass the size prior to returning to the garbage
collector.

Atblock 515, the size is subtracted from the total memory
tracked by the allocation monitor. If this causes the total
memory tracked to be less than or equal to the memory
threshold discussed in conjunction with FIG. 4, the allocation
monitor may cease causing garbage collection to occur until
the total memory tracked is greater than the memory thresh-
old.

At block 520, the actions cease.

Although some reference has been made to applying
aspects of the present invention to memory associated with
images, it will be recognized that aspects of the present inven-
tion may also be applied in other situations in which a pattern
for obtaining and then not referencing memory is discovered.

As can be seen from the foregoing detailed description,
there is provided a method and system for garbage collecting
memory that is no longer referenced. While the invention is
susceptible to various modifications and alternative construc-
tions, certain illustrated embodiments thereof are shown in
the drawings and have been described above in detail. It
should be understood, however, that there is no intention to
limit the invention to the specific forms disclosed, but on the
contrary, the intention is to cover all modifications, alternative
constructions, and equivalents falling within the spirit and
scope of the invention.

What is claimed is:

1. A method for performing garbage collection of memory
blocks in a computing environment, wherein the method
comprises:

a computer allocating memory for storing one or more data
objects, the allocated memory comprising allocated
memory blocks, wherein the data objects include image
objects and wherein the method further comprises
updating a value that indicates how much unmanaged
image data is associated with image objects in managed
memory;

storing a first time at which memory is allocated;

allocating additional memory for storing the one or more
data objects at a second time, the allocated additional
memory comprising additional allocated memory
blocks;

determining a first elapsed time corresponding to a difter-
ence in time between the first and second times; and

in response to determining the first elapsed time is greater
than or equal to a first time threshold, using a garbage
collector to perform a garbage collection of unrefer-
enced memory blocks, by collecting unused memory
from the allocated memory blocks and additional allo-
cated memory blocks, wherein the first time threshold is
greater than a duration of time in which the computer
having the memory allocates for images, and wherein
the method further includes refraining from performing
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the garbage collection while the value is less than a
predetermined memory threshold.

2. The method of claim 1, further comprising:

storing a third time at which a previous garbage collection

occurred;

determining a second elapsed time between the first and

third times; and

upon determining the second elapsed time is greater than or

equal to a second threshold, using the garbage collector
to perform an additional garbage collection of unrefer-
enced memory blocks.

3. The method of claim 1, wherein more unmanaged
memory is allocated to the one or more data objects than
managed memory.

4. The method of claim 1, wherein the data object com-
prises an image object and wherein said storing the first time
at which memory is allocated only occurs when it is deter-
mined that the image object is created in managed memory in
response to an application programming interface request.

5. The method of claim 1, wherein said storing the first time
at which memory is allocated occurs when it is determined
that the memory allocation has occurred within a predeter-
mined short period of time after a previous memory alloca-
tion.

6. The method of claim 1, wherein storing the first time at
which memory is allocated occurs in direct response to a
managed object calling an allocation monitor to report a size
of unmanaged memory referenced by a managed object.

7. The method of claim 1, wherein the first threshold is
greater than a duration of time in which a computer having the
memory allocates memory for images.

8. The method of claim 1, wherein the first threshold is one
second.

9. The method of claim 1, wherein the first threshold is a
time that is fixed at development time.

10. The method of claim 1, wherein the first threshold is a
user tunable time.

11. The method of claim 1, wherein the first threshold is
one of a plurality of user selectable times that are selectable at
runtime.

12. The method of claim 1, wherein the garbage collection
frees up unmanaged memory that was previously allocated
for use by a program and that is no longer referenced by the
program.

13. The method of claim 12, wherein the garbage collection
returns the unmanaged memory referenced by the object to a
free pool of memory.

14. The method of claim 1, wherein the garbage collector
comprises a generational garbage collector in which objects
that are longer-lived are associated with generations and
wherein the garbage collector collects unused memory asso-
ciated with each subsequent generation at a lower frequency
than an immediately prior generation.

15. A computer program product comprising one or more
computer-readable storage media having stored computer-
executable instructions which, when executed by a comput-
ing system, implement the method recited in claim 1.

16. The computer program product recited in claim 15,
wherein the computer program product comprises a comput-
ing system having a processor and system memory storing the
computer-executable instructions which are executed by the
processor.



