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(57) Abstract: In one example in accordance with the
present disclosure, a method for using pointers in a memory
managed system is presented. The method may include
identifying a first pointer as a contingent pointer and identi-
fying a second pointer associated with the first pointer. The
method may also include determining whether the second
pointer refers to a reachable object and determining a validity

of the first pointer based on whether the second pointer refers
to a reachable object.
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FOINTERS IN A MEMORY MANAGED SYSTEM

Bacrorouns
SR Garbage collection is a type of memory managemeani where 3 garbage

coliecior reclaims memory socupied by objecis thal are no longer in use. Garbage
coliection may be used andior required by certain progranyning languages.
Although garbage collection may provide significant benefils, garbage coliection may

require some system averhead and fhus may mpact parformancs.

Brigr Descpenion oF THE DRawsns

{0021 The foliowing deladed desoription references the drawings, wherain:
{0003] FIG. 1is a bingk déa‘gmm of an example conpuling enviroryment in which
using poirders in a memory managed system may be useful;

D004 Fi3. 2 s aflowchart of an example method for using polnfers in a memoty

{00051 FIG. 2 is a block diagram of an example system for using poinfers in a

[43

memory managed systen, an

{30061 Fits. 4 {5 a block diagram of an sxample system for using pointers in a

memony managed systent.

Ueranen Uesorpron

{0071 The data apcessed within & compuler system may comprise a set of
ohijecis (alse known as records, structures, instances, or simply data values) stored
in the memory oF storage of the computer system. Access 1o oblects may be by use
of pointers {or references or links) that contain sufficient information o dentify the
obhiect they refer o, This infarmation may include an address of the object, an offsel
of 8 commaon hase adodress, a key ihat can ba looked up 0 8 table, or other
pformation. These poirders may be stored within processor registers, oft & program
stack, in giohal vanables, within objects, and elsewhere. In g systam thal employs
garbage collection, some abjedis may be allocated on a heap managed by &
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garbage coliecior. When an object & allocated, unused space is identified on the

heap, and the object 5 created in that space. The job of the garbage collectoris to
distinguish between aliocated objects that are reachable and those hal are
nitisg
program code o make reference {0 the object. An objectis sidered unreachable

&
unreachable, where an olject s considered reachable whe

when # is not possible for any progrant code 1o make reference o the object. When
ohiects are delermined o be unreachable, the garbage collecior declares the space

they cocuw o be unaficcated and returns the memory (o the allocator for use in

allocating new mbject&

30081 Garbage collection may involve determining a st of root poinders. A
rogt pointer is a pemiﬁf 0 an object slored in & garbage-collected heap where the
root pointer Heelf is observed by a garbage collector it a incalion other than o the
garbage-coliectad heap. For example, the poinler may be observed it & processor
register, on a program or thread stack, in a global or thread-ocal vaniable or
structure, or on & heap other than the garbage-colleclsd %ﬁeap},

008 The roof pointers may be found in processay registers, i giohal
variables, on a program stack, efc. Garbage collection may inclisde determining
ohijecis thal are reachable starling rom the root pointers. An object is considsred
reachable f # is poited o by & roof poinier of by 8 painfer comtained in some

s

reachable object. Pointers may be considerad 1o be strong poinlers of weak
I8

poirters. An abject referred {o by a strong poinfer thatis a oot or is confained in g
reachable object is considerad reachable. A weak pointer, by contrast, does not
affect the reachability of the thing { points o,

014 Garbage collection may include collecting memory previnusly allocated
o the objects that are no longer reagchable and making the meamary available far
futire aliocation. As described above, Garbage collection may consider an objed
“reachable” if there is any way of reaching it by following pointers from a reachable
ohiect, and may coliect e%:s;ec’fs onee ey berome unreachabde. But it is frequently
the case that cab; Ciz remain strictly reachabie even though the logio of the program
gdictates thal no fulure aliempt will ever be made (o reach them, and so the
correciness of the progran woulid not be compromised i the objects were collecied.
But these values, however, may continue 1o remain reachable, and in fum make

othwer objects reachabie, even alter there i 1o onger any way o reach the objects

b
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pther tharn by these value chains. Programs maﬁg expend significant sifort 1 idenlify
and remove pointers that are no longer needad simply 1o faciiliate garbage collection
of thay may tolerate giving up the abillity 1o use the meamory faken up unnscessarily
by stch objects.

{ESERY Example sysiems for using poirders in a memory managed system use
contingent poinders o allow the reachability of one object 1o be dependent on the
reachabifity of another. A contingent pointer is a poirter whose reachabifity is
dependent on the reachability of ancther pointer. In other words, by dedianing one

pointar as heing cordingen! on 8 second pointer the garbage coliector dzelf, with no

knowledge of the program semanfics, may delermine the reachabilify of the poin

This reduced overheard may aliow more system resources 1 be alfocated fo do
usaful work rather than cleanup and that actually unreschable memaory may be
reclaimed sooney.

{00121 FIG. 1 is a block diagram of an sxample system 100 for using pointers in
a memory managed system. System 100 may include a processor 102 and g memory
104 thal may be coupled {0 each other through communication #nk {(8.g., a bus).
{013] Frocessor 102 may include a Central Processing Unit {CRU), a Graphics
Processing Unit {GFUY, or another sullable processor. in some examples, mermnary
104 siores machine readable instructions executed by processor 102 for operating
system 100 as well 85 daby used by programs executed by processor 103 Memory
104 may include any suliable combination of volatile andior non-volatile memory, such
as combingtions of Random Access Memory (RAM), Read-Only Memory (ROM),
memrisior memaory, spin-iransfer forgue memory, flash memory, andfor other suitable
memory. Mernory 104 may also include storage on horevolatile storage devices such
as disks or solid-slale devices (58D} Processor 102 may include mudlinle coves.
Processor 102 may siso comprise mudliple processors,

o014} Memaory 104 stores instructions 1o be executed by processor 103
including instructions for a contingen! poinfer identifier 110, an assocated pol
identifier 112, 3 rehability delerminer 114, 3 validity delerminer 118, 8 null ;}Qimer

dentifier 118, an invalidily determiner 130, & locstion modifier 122, 8 request handier

.

24, andior other components.  According o varfous implementations, system 100 for
Using polrters in a memory managed sysiem may be nplemented in hardware andior a
combination of hardware and programming that configures hardware. Furthemmore, in
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FIG. 1 and other Figures desoribed heren, different numbers of components or entities
than depicted may be used.
{0015] Processor 102 may execuls inslruchons of contingent pointer identifier
110 {o identfy a frst pointer as g contingent pointer.  In the systern 100 for using
pointars i @ memoly managed sysiem, each pointer info the garbage collector (GO
managed space may be merked as being strong, weall, of confingent. Inone example,
ach GO pointer may poit o B‘by&e aligned data, and at least one of the ow-order
three DS may be used 1 specify the type of pointer. The different types of pointers

may alse be diferentialed at the language level  For example, it the G+
progranening language, a strong pointer may be refered o as go_plr<T™>, & weak
painter may be refered o as weal ge pir<T>, and a contingsnt poinler may be
referred {0 as contingant_go plr<T 35 where 7 is the type of the object being poliited
o and X s the ype of the object whose Helime conlrols the contingent pointer.
Contingent pointer identifier 110 may identify a first pointer as a contingent painter

during & tracing phasse of garbage coliection. Conlingent painter dentifier 110 may

identify an ohied referred 1o by the first p ginter as reachable based on & vaildity of the
first poinder {ey., as discussed herein wilh respect o validily deterniner 1181 A

contingent pointer may be considersd valld § the associated pointer poinds © &
reachable object A contingen! pointer determined 1o be vahd may be frealed as
referring 1 8 reachable object When mudliple pointers are associated with the
cammgem painter, the first poiter may be considered valid basaed on the number of
associated pointers that point Io reachable objects when compared o a threshold
{2.4g., all of the associated pointers poind 1o reachable ohiects, any of the assodiated
painters point o reachabie objects), where the threshold may be specified by encoding

{£.g.. as distussed below with regpect 10 assaciated painter identifier 113}

jadia] Frocessor 102 may executs instructions of associated pointer dentifier
112 fo deniify a poinler assoniated with the first pointer. The pointer may be, for
axample, a weak pointer, a strong pointer, a contingerd poirtder, alc. Associaled
pointer identifter 112 may identify mulliple pointers assodiated with the first pointer,
such as a second pointer, a third pointer, elc. One v more of the mistipde pointers
may be a strong pointer, a weak painter, efc. I ane exanpie, the weaX poinler may
be the word immedialely preceding the contingeant pointer, aithwough in other examples

the waak poirder may be iocalad eizawhere. As used herain, the term "word” refers
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o a Bxed-sized plece of data, for exiample 64 bifs. In one example, a first bit of the
fow-order three bits sy be used 1o specify a pointer as a contingent pointer and, when
that Uit is set, the remaining two bifs may be used 1o specily the number and location
of associated weak pointers refalive o the address confaining the conlingent poinder
o reistive fo some ofher address. For example, f read a8 a binary number, the
remaining wo hils allow encoding fowr possible values, and each valug can encode 3
different number andior relafive location of associated weak pointers.  As ong
gxample, a value of zem can indivate g single weak g}:aint in the word immediataly
preceding the contingent poinder, a value of one can indicate a single weak pointer two
words precading the contingerd poirder, & vaiug of two can indicale two weak poinders
1 the two words preceding the contingent poirter, and a value of three can indicate
threg weak poirders in the thwee words precaqing the contingent poinfer.  in othey
axamples, ofher encodings can be used, i this way, mudtiple conrdingent pointers may
be assoplated with a singie weak pointer.

{0171 Processor 102 may execiie instructions of associated pointer identifier

N

113 fo Wentify 3 second poinler associkxted with the first poinder. Identifying the seocond

painter asseciated with the first pointer may further include identifying a st mernary

jncation contsining the frst pointer and identifying a8 second memory location al an
Teet from the first memory incalion,
{30181 Processor 103 may execute instructions of reachabiiity determiner 114

fo determing whether a pointer associated with the first poinfer {2.g., as discussed
herein with respect to assaciated poinfer identifier 112) refers {0 a reachable object
For exampie, reachabilily determiner 114 may detennine whether & second pointer
refers 1o a reachable object, whether a thitd poinler refers 1o a reachability obiect, elc.
As used hersin, g reachabie object is an object in a GO managed mamaory heap that

s polentially accessible by a program. Dunng a racing phase of garbage collection,

all G?Jj&‘,‘t’,‘i& marked as ve, or ¢ ua‘%tiy bem{.} used by at least one af‘ﬁ:ii cation thwead

aray, or black. As ussd herein, "waking” o “walked” I8 a process hy wiiich objents
are analyzed {0 determmine if the object s reachabla. & white objectis an Qi:s;‘ﬁ:: with
an wnknown reachabiiity status, a gray objedt s an objed! that 5 known fo be
reachable, bt whose internal references have nol yel beenywalked, and a black abjedt
is a reachable obiect whose internal references have been walked, inilially, all objecis
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miay be oolored white, Objects pointed to by root painters may be colored gray and
put in & quaue. Gray obiects may then be removed from the queue cne at a time o
be walted. When alt of the references that indicate reachability of their referents have
been processed, the object may be oolored black, When the queue i emply, the
racing phase i complete, and all objecls are determined o be either biack
{reaohable) or white {Unreachable). The unreachable objects may then be collecied

n & subseguent sweeping phase of the garbage collection.

o019 Processor 102 may execute stiuctions of validity determiner 118 o
determing a validity of the first pointer based on whether the pointer associated with
the first pointer refers {0 a reachable object. The validity delerminer 116 may further
determine the validity of the first pointer based on whether the third pointer refers o
the reachabie object. A contingent pointer may be considered valid i the associated
poirter points o a reachable object. A contingent pointer determined o be valid may
be freated as refeming 0 a reachable objecl.

020 if the valicily detenminer 115 delermines thal the pointer associated with
the first pointsr {e.g., as discussed herain with respect o assockated pointer dentiffer
112} refers o & reachable object, the first pointer may be considered valid, | the
vahidity determiner 116 delemmines (hal the pointer associated with the fivst pointer
dnes not refer o a reachable ophject the first pointer may not be consider vaiid andior
may be considerad invalild, I this manner, the validity of the firsl poinder, e the
contingent pointer, i hased on the reachabilify of the pointer associated with the firsd

painter. Frocessor 102 may execuie instruclions of validity determiner 118 o identity

roty
P53

ary abjedd referred {0 by the first pointer as reachable based on the validily of the firs
pointer,

{003l Processor 102 may execude instructions of null pointer identiier 118 o
identify whather the pointer associated with the first pointer is a null pointer, & nul
pointar is 3 pointer with a specisl value, or "null” value, which indicates that the pointer
does notrefer o an abject. Forexampie, a null pointer may be indicated by all the bils
of the pointer vaiue being zevo. Nudl pointer ideniifier 1138 may éd&nii?y a painier as a
] pﬁiﬂi@? by analyzing the pointer and delermining if the pointer has the null value

If the pointer associated with the first poinfer i3 not identified as a null pointer, validity
deternminer 116 may detenmine that the pointer assacialed wilh the first pointer refers
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to a reachable objerct. I the pointer assaciated with the first polnter g identifled as 8
null pointer, validity determiner 116 may determing that the pointer associated with the
first pointer does nol refer o a reachable ohjecl

U031 During the tracing phase of the garhage collector, when a contingerst
poirder is seen while walking a gray objedt, the associaled weak polnter may be
constited. H the assodiated weak pointer has the null value, the location in the gray
ohiect containing the contingert poirder's value may be replaced by the null vaite, ©
the associated weak poinler does not have the null valug, the cordingent pointer may
be treated as a strong pointer and the object # refers to may be consideradio ba a
regchable object. Forexample, i the contingent pointer refers 10 a white oljet, the

s

ahjed associated with the contingent pointer & colored gray and added (o the gray

ahject quele,
{00331 Once the objects camesponding 1 the associated weal pointers

become unreachable, the governing weak pointers may be cleared in a st GO
gyole, and the conlingant pointers may be cleared in & second GO cycie. One

references 1o an object are clearad, the coresponding object will be seen as

unreachable and collected in the second cytle.

{0241 To use s contingerd poirder, & sirong pointer may first be crested based
an the contents of the contingend pointer.  When the sfong pointer is created, the

governing weak pointer may be consuited {o determing the value of the weak pointer.
If the weak pointer has a null value, the contingen! painter's value may be replaced ay'
the null value, and the null value may be relumed as the value forthe s
I the weak poinfer does not have the nudl vaiue, the strong poinfer may have ﬁe same

value as the contingent poirder, bul maved as strong.

0351 Frocessor 102 may execufe instructons of iwaiid%ty determiney 120 ©
determine thatl the pointeris invalid. A contingent pointer may be consideraed invalid &

the associated pointer does not point {0 a reachable Jh}%bi A pointer determinad {0
be invalid may be treated as not referring 1o a reachable object regardiess of the actusl
regchability of any object the pointer may othenvise indicate. Processor 103 may
execute insfructions of location modifier 122 o modify a location conlaining the first
poirder ypon delermining that the first pointer is invalid,  Location modifier 123 may
modify the location by, for example, moving the location of the first poinder in memory

frorn & frstiocslion o a8 second ocalion
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jaagal Processor 102 may sxectte instructions of regquest handler 124 {o

receive g request o dereference

the same thread as the instructions that initisted the equesa* ?rsee@s&r 102 may alsg

axacule structions of regues! handier 124 fo grant access o an object referred fo by
the pointer upon a determination that the poinfer is valid {e 9., as discussed hereinwith
respect to validity determiner 114}, Request handier 124 may grant access fo the obiedt

by, for example, generaling 8 pointer refering o the ohiedt. The pointer may be, for

‘(:‘1

example, a strong poinder. Pr

o

cassor I2 may also execule instructions of request
handier 124 denying the request to deveference the first pointer upon a determination
that the fivst ;}&3:‘}%&{ s invalid,  Reqguest handler 194 may deny the regquest I
dereference by generaling a nidll poiter.  In ancther example, reguest handler 124
niay grant access i}\g parforming a requested operation {e.g., reading or modifving a
memory focation) and may deny the request by refusing fo perform the requestad

operation and retuming a value ndicstive of such refusal or throwing an exception.

{0271 Fits, 2 is & fowehart of an example method 200 for using pointers in a
memory managed system, Methiod 200 may be desaribed below as being execuied of
performed by & system, oy example, system 100 of FIG. 1, system 300 of FiG. 3 or
systen 400 of FIG. 4. Ofher sultable systems andior computing devices may be used
as well. hMethod 200 may be inplemerdad in the form of execidable instructions stored
ofy 8t least one machine-readabie sforage medium of the system and exacuted by at
least one processar of the syslem. ARematively or in addifion, method 200 may be
nplemernted in the form of electronic creuitry (8., hardware). In allemate examples of

the present disclosure, af least one step of meihm 00 may be axecuted substarlially

concurently or in a different order than shown in FIG. 20 in altemate examples of the

&



WO 2017/095372 PCT/US2015/062970

G

present discioswre, method 200 may nclude more o fewer steps than are shown in FIG.
2. b1 some examples, at least one of the sleps of method 200 may, al certain times, be
ongoing andior may repeat.

0281 Method 200 may stard at slep 202 and continue to step 204, where the
prethod may include identifying & frst poinier as 3 contingent pointer.  identifying the
firsi pointer as the cordingent pointer nay ake place duning a racing phase of garbage
collection. Al step 208, the method may include identifying & second poinder
assoviated with the first pointer. The second pointer may be, for example, a st mg
pointar, a weak pointer, 3 conlingen! poinder, eto.  identifying the secord pain

asanciated with the first pointer may further include identifying 8 first memory iocation

X

cortaining the first poinder and identifving & second memory location at an offset from
the first memoty location. Al slep 208, the melhod may include determining whether
the second pointer refers (o a reschabie object. At step 210, the method may includs
deternining a validily of the first pointer based on whether the second poirder refers
{0 a reachable abject. Delermining the validity of the first pointer Method 200 may

eveniually contitjie 1o step 212, where method 200 may siop.

024 Figu&*—a 3 is a Hock diagram Hustrating one sxample of a processing
system 300 for implementing the system 300 for using poinlers i a memory managed
system. System 300 may include g processor 302 and 3 memory 304 that may be

X

coupled to each other through a communication iink {e.g., 8 bus}, Processor 302 may
fnciude a Central Processing Unit {OFUY, a Graphics Processing Unit {GRU), or
another suilable processor. In some examples, memory 304 stores machine readable
mstructions executed by processor 302 for aperaling system 300, Memaory 204 may
moiude any suifable combination of volaliie andior non-voiatile memory, such as
comiinations of Random Access Memory (RAM), Read-Only Memory (RORM), fash

MSMOSTY, Memrsior memdry, s;}iﬁntz‘ans?&r torgue memory, andior other suifahle

MBIy,
0301 Memory 304 siores instucltions {o be executed by processor 302

fcluding nstructions for & peitder generatoy 310, pointer ideniifier 3138 and validity
determiner 214, The conponents of systern 300 may be implementad in the form of
executable instructions stared on &t least one machine-readable storage medium of
system 300 and execuled by at least one processor of system 300, Allematively of in

addifion, sach of the components of system 300 may be implemented inthe form of at
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feast one hardware device including slecironic ciroutry for implementing the funclionality
of the component.

{00311 Processor 303 may execute instictions of polrder generator 310 o
generate a contingent poinfer.  The contingent pointer may be paired with & second
poinder. The second poinler may be, for example, a strong pointer, a weak poinler

m

contingent pointer, elo. Generating the contingent pointer may take place éuring £
fracing phase of garbage collection. Once the contingent pointer has besn generated,
an object referred to by the contingent pointer may be identified as reachable based
oft a valldily of the cordingen! pointer. Processor 302 may executs instructions of
poinfer dentifier 312 to lerdily an unknown pointer as he contingent pointer. An
unknown poider {5 a8 pointer that has nol yet been classified by the system 200
Foinfer dentifier 312 may ideniify the tinknown pointer as the contingent poirier during
ane of more phases of & garbage collection oycle, such a3 a racing phase. Frocessoy
302 may execude inshructions of validity determiner 314 1o delermine a validity of the

contingent poirter based on whether the second painter refers to a reachable obyject.

{00321 FiG. 4 s & block diagram of an example system 400 for using polrters in
& memory maaageaﬁ sysient. Syslem 400 may be simdlar o system 100 of FIG 1, &y

axample. in the sxample diustrated in FIG. 4, syslem 400 includes a processor 402 and
g machihe-readatle storage medium 404, Although the following descnplions referlo s
singite processor and a single machine-readable sforage mediurn, the desoriptions may
alsn apply 1o 8 sysiem with mulliple processors and muliple machine-readable storage
media  In such examples, the instuctions may be disliibuted {(8.g., slored) across
misitiple machine-readable slorage mediums and the instruclions may be distributed
across {e.g., execuled by aoross mulliple processors.
{O033] Frocessor 402 may be ohe of miore cenlral processing units {(CPUs),
graphics processing unile {(GFUS), microprocessars, andior other hardware deviges
suitabie for retrieval and sxecution of instruclions stored in machine-readable siorags
medium 404, It the exampie llustraled N FIG. 4, processor 402 may felch, decode, and
execute mstructions 406, 408 and 410 for using pointers it a memory managed system.
an aternative of in addition 10 refreving and execuling instructions, processor 402
may nolde one or mgre glectonic circuits conyriaing 8 number of alecionic
comporents for performing the functionality of at lsasi one of the instructions ih maching-

readable storage medium 404 With respect o the exscuiable  instruchon
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representations {8.q., boxes) described and shown herein, § shouid be understood that
pat or &l of the execudabie instructions andfor elecironic cirouts incluided within one hox
may, i alternale examples, be included i & different box shown in the figures or in a
different box nal shown.
{0341 Machine-readable sforage medium 404 may be any slectionic, magnstic,
apticsl, or other physical storage device thatl slores execulable instuctions.  Thus
machine-readable slorage medium 404 may be, for exampie, Handom Acpess
Memory (RAM), an Hecticaly-Erasable Programmable Read-Only  Memory
{EEPROM), a8 memyistor memory device, a spin-transfer torque device, g flash
memaory device, a storage drive, a solid slale device (S50, an oplical disc, and the
ke, Machinereadable slorage medium 404 may be disposaed within sysieny 440, as
shiown it FIG. 4. In this slualion, the exsculable instructions may be “installed” on the
system 400, Allematively, machine-readable storage medium 404 may be a porlable,
extemal or remole slorage medium, for example, that allows system 480 o download
the instructions from the porfable/exdemalivermote storage medium. In this situstion, the
executable nshuctions may be pan of an “inslallation package”. As desorihed herein,
machine-readabie slarage medium 404 may be encoded with exectdable instractions for
using pointers in @ memory managed system.
0351 Refering o FIG. 4, pointer ientify instructions 408, when executed by a
processor {ag., 402}, may cause system 400 o identify a phuslity of contingant
poirters.  Each contingsnt pointer in the plurality may be associalted with a second
poinfer. The second pointer may be, for example, a strong poinder, a8 weak pointer, a
cordingent pointer, efe, identifving the plurality of contingent pointers may taks place
during a racing phase of garbage collection.  ldentifiing the plrality of contingent
painters may further include identifying an object referred I one of the contingent
poinders a3 reachable based on a8 validily of that contingen pointer.  Reachability
determine insfructions 408, when executed by a processor {84, 402) may causs
system 400 {0 delermine thatl the second pointer refers 1o a reachabie object. Validity
determing instructions 410, when execuded by 8 processor {a.g. 403 may cause
system 400 {o delermine hat a cordingent pointer belonging o the pluralily s valid
because the second pointer refers 1 the reachable object
30361 The foregoing disclosure describes a number of examples for using pointers

in 8 memaory managed system. The disclosed examples may include systems, devices,
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conpriler-readable slorage media, and methods for using poinlers in a8 memory
managed syslem. For purposes of explanation, cedain examples are desaribed with
referance o the components flustrated in FIGE. 14, The funcionglity of the illustraled
componeants may overap, however, and may be present in a fewer or greater number of
alements and componards, Further, 8l or part of the funclionslity of Hluslrated elemeants
pwEy oo-exisl or be  distibufed among  several  geographically  dispersed
focations. Further, the disclosed examples may be implementad in various envirorniments
and are not himited {o the llustrated examples.

{00371 Further, the sequence of operalions descnbed i conmnection with FIGS. 1-
4 are examples and are not idendsd o be iimiing.  Addiional or Tewer operalions o
combinations of operations may be used of may vary without departing from the scope
of the qisclosed examples. Furthermore, implementations consistent with the disclosed
axamples nead not parform the sequence of operations in any particiday order. Thus,
the present discosure mevely sels forth possible examples of implemeniations, and
miany variations and modificalions may be made 1 the desonibed examples,



WO 2017/095372 PCT/US2015/062970

13
CLAMS
1. A method for using poinders in a memoty managed syslem, the methad

COMPHSIY.
entifying a first painier referring o a first object s a contingent poinder;
identiiving a second polnter associated with the first poirder
determining whether the seoond poirder refers (I a reachable object and
determining a validity of the first pointer based on whether the second pointer

refers 1o a reachabie object.

2. The method of claim 1 further comprising:

identifyving whether the second pointer is a ndl pointer; and

defermining that the second pointer refers {0 3 reachable object when the
second poirder is not dentified a8s a null pointer; and

determining that the second pointer does not refer 1o a reachable objech when

the second pointer is identified as a null pointer.

3. The method of clabn 1, further comprising:
determining thatl the frsl pointer is invalid; and
modifving a location containing the first polter upon determining that the firgt

poirder is invalid,

4, The method of claim 1, further comprisitgy.
identifying a third pointer associated with the first pointer;
determining whether the third painter refers 1o a reachable object and
wherein determining the validily of the first pointer is further bhased on whether

the third pointer refers {o the eachatide object

5. The method of claim 1 wherein identifiing the second pointer comprises:
identifying a frst memory location containing the frst pointer; and
identifying a second memory location at an offset from the frst memaory

iocalion.

. The method of claim 1, further comprising:
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receiving a request to deyeference the first pointer;

granting access (o the frst ohject upon a determingtion that the frst pointer is
valid; and

denying the request to dereference the first pointer upon a determination that
the first pointer is valld.
7. The method of claim &, wherein:

granting access o the frst object further comprises generaling a strang
pointar refarming o the first ohjec!; and

denying the request {o dereference comprises generating a null pointey,

g The method of clalm 1 wherein identifying the first pointer {akes place during a
racing phase of a garbage collector, the method fuither comprising:

identifying the first object as reachabie based on the validity of the first
poirer.

o A system for garbage collection comprist

a pointer generaior 1o generale a c&nting«'ﬁni pointer, wherein the contingent
poirder is paired with 8 second pointer;

a pointer identifier v identify an unknows pointer as the cortingent pointer
during a tracing phase of gathage collection; and

7 validity delerminer o determing a validity of the contingent polrder based on

P

whether the second poinler refers 1© a reachable ohjecl.

Py

4. The system of claim 8, further compising
an invaldity determiner to delermine that the contingent painter is irwvalild, and
7 location modifier o modify a jocation containing the contingent pointer wpon

determining that the conlingent pointer is mwalid,

1. The system of clam 8, further comprising:

a reachabiiity delerminer o determing whether a third poinler refers o the
reachable ¢ ‘g',;-sma,i ana

the validity detemniner further (o determine the valulity of the contingent
pointer based on wheather the third poinier refers 1o the reachable object.
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12, Anon-ransitory machine-readable slorage medium comprising structions
execiiable by a processor of a computling device for using pointers i a msnry
managed system, the machine-readable slorage medium comprising:

mnsfructions o dentify & plursiity of contingent pointers, wherein each
contingent poinder in the pluraiity 15 associated with a second poinier;

instructions o determine thal the second pointer refars o a reachable abject;

instrctions © determing that & contingent pointer belonging o the plurality 8

valid because the second pointer refers 1o the reachabie obisct

130 The non-transitory machine-readabie slorage mediim of daim 12, further
Comprising:

instructions to recefve & request © dereference the contingent painter;

Lipon a determination thal the first poirder is valid! and
insfructions to deny the reguest fo dereference the first poinder upan g
determination that the contingent painter is fnvalid.

4. The non-transitory machine-readabie storage mediim of daim 12, further
comprising:

‘,C)

instrictions o identify a first memory location containing the contingant
pointar; and

memory focation.

18, The non-transitory machine-readabie slorage mediim of daim 12, further
compnsing:

instructions o Wentifving the object referred o by contingent first pointer as
reachabie hased on the valinily of the first pointer.



WO 2017/095372 PCT/US2015/062970

o
MACHINE-READABLE STORAGE MEDIUM

G TN

1310 CONTINGENT POINTER HDENTIHER 5:

F 4

PROCESSOR

112 ASSOUIATED POINTER IDENTIFIER

114 REACHABILITY DETERMINER

116 VALIDITY DETUHMINGR

118 NULL POINTER IDENTIFIER

120 IVALIDITY DETERMINER

122 LOCATION RMODHHER

126 REQUEST HANDLER

FiG. 1



WO 2017/095372 PCT/US2015/062970

3

0
LU
\

HENN HIENTIFYVING A FIRST POINTER AS A CONTINGENT POINTER

IDENTIFYING A SECOND POINTER ASSOCIATED WITH THE FIRSY
PLENTER

2{}\:‘\\_

DETERMIMING WHETHER THE SECOND POINTER REFERSTO A
REACHABLE QRIECY

DETERMHNING A VALIDITY OF THE FIRST POINTER BASER ON
Kalin g WHETHER THE SRCOND POINTER REFERS TO A REACHARLE
GRIECY

8
o,

AN stos )

FIG. 2



WO 2017/095372 PCT/US2015/062970

304
;‘j

RMACHINE-READARLE STORAGE MEDHIM

310 POINTER GENERATOR 302

o]

I's

PR
A

o

CESSQR
313 POINTEH IDENTIFIER

314 VALITIDY DETERMINER

FIG. 3



WO 2017/095372 PCT/US2015/062970

4450
)"J“
SYSTEM
404 ~{_| MACHINE-READABLE STORAGE MEDILM
A0E e .
S POINTER IDENTIFY INSTRUCTIONS 402
- - PROCESSOR

REACHABLITY DETERMINE
HUD T

™ INGTRUCTIONS

310~ VAUBITY DETERMINE INSTRUCTIONS

N

FIG. 4



INTERNATIONAL SEARCH REPORT International application No.
PCT/US2015/062970

A. CLASSIFICATION OF SUBJECT MATTER
GO6F 12/02(2006.01)i

According to International Patent Classification (IPC) or to both national classification and [PC
B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
GOG6F 12/02; GO6F 17/30; GOGF 12/00; GO6F 9/00; GO6F 9/45; GO6F 13/00

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
cKOMPASS(KIPO internal) & Keywords: contingent, pointer, associated, reachable, object, validity, identifying, determining,
garbage, collection, memory

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

Y US 05848423 A (ZAHIR EBRAHIM et al.) 08 December 1998 1-5,8-12,14-15
See column 2, lines 54-60; column 3, lines 1-7; column 5, lines 53-56;
column 7, lines 25-30; and figures 1, 4A.

A 6-7,13

Y US 05465351 A (STEVEN E. LEMMO) 07 November 1995 1-5,8-12,14-15
See column 9, lines 43-45, 65-67; column 10, lines 1-3, 25-29;
and figures 5-7.

A US 2010-0070955 A1 (VINEET KAHLON) 18 March 2010 1-15
See paragraphs [0057]-[0098]; and figure 2.

A US 2007-0288708 A1 (BRATIN SAHA et al.) 13 December 2007 1-15
See paragraphs [0065]-[0067]; and figure 8.

A US 2005-0027761 A1 (GANSHA WU et al.) 03 February 2005 1-15
See paragraphs [0017]-[0020]; and figure 1.

. . . . N .
|:| Further documents are listed in the continuation of Box C. See patent family annex.
* Special categories of cited documents: "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
"E" carlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
"L"  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
"O" document referting to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art
"P"  document published prior to the international filing date but later "&" document member of the same patent family
than the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report
26 August 2016 (26.08.2016) 26 August 2016 (26.08.2016)
Name and mailing address of the [SA/KR Authorized officer

International Application Division
¢ Korean Intellectual Property Office CHIN, Sang Bum
Y 189 Cheongsa-ro, Seo-gu, Daejeon, 35208, Republic of Korea

inb;imile No. +82-42-481-8578 Telephone No. +82-42-481-8398

Form PCT/ISA/210 (second sheet) (January 2015)



INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/US2015/062970

Patent document Publication Patent family Publication

cited in search report date member(s) date

US 05848423 A 08/12/1998 None

US 05465351 A 07/11/1995 WO 94-04976 Al 03/03/1994

US 2010-0070955 Al 18/03/2010 None

US 2007-0288708 Al 13/12/2007 US 7478210 B2 13/01/2009

US 2005-0027761 Al 03/02/2005 CN 1829977 A 06/09/2006
CN 1829977 B 11/08/2010
EP 1652094 Al 03/05/2006
EP 1652094 Bl 21/11/2012
ES 2398420 T3 19/03/2013
US 7089273 B2 08/08/2006
WO 2005-013134 Al 10/02/2005

Form PCT/ISA/210 (patent family annex) (January 2015)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - claims
	Page 15 - claims
	Page 16 - claims
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - wo-search-report
	Page 22 - wo-search-report

