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The present invention relates generally to software, :E and appar at us
for wuse in allocating conputer nenory, and, nore partietl y, to

sof tware, nethods, and apparatus for dwiam cally allocating non-contiguous
menory stack space. 2. Backgr ound A running program or a
thread, of a S ' rﬁm{f\(,'ssctgcated with

r andom acces RAV] JUTT art apl es used by
a running program A program w | I general I y i ncI ude a "caI | chain,” or a

series of function calls. Each function within a call chain generally has a
"frame," e.g., page or area, of menory on a stack. As the depth of a call

chain increases, the anount of stack space that is required also

I ncreases. That is, the anmount of stack mnmenory required by a program

I ncreases as the de th of function calls made by the programincreases.
One net hodBAGKGRQ OF IHEINVENTION 5| | ocate stack space invol ves the

static 1. Field of Invention

The present invention relates generally to software, methods, and apparatus for
use in allocating computer memory, and, more particularly, to software, methods, and

apparatus for dynamically allocating non-contignous memory stack space. -

2. Background

A running program, or a thread, of a coﬁéﬁt& éystem often requires stack
space associated with random access memory (RAM) to store arguments and local
variables used by a running program. A program will generally include a “call chain,”
or a series of function calls. Each function within a call chain generally has a “frame,”
e.g., page or area, of memory on a stack. As the depth of a call chain increases, the
amount of stack space that is required also increases. That is, the amount of stack
memory required by a program increases as the depth of function calls made by the

program increases.

One method that is generally used to allocate stack space involves the static
allocation of a contiguous piece of physical mc-:mory that is large enough for all expected
call chains. While a large, contiguous piece of physical memory serves the purpose of
providing enough stack space for all expected call chains, allocating a large amount of
physical memory can waste stack space, as call chains will rarely use the entire stack
allocated to them. Since the amount of physical memory associated with a computer
system is generally limited, reserving a large amount of physical memory for a

particular call chain often proves to be an inefficient use of system resources.
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physi cal nenory associated with the page may occur. Wile a stack which
has vi rt uagenesateds phygicek mempryrwhieloegrresponds to the page in virtual memory may be

allocated such that execution of a program usiﬁg the physical memory associated with

the page may occur. While a stack which has virtnal memory protection grows
dynamically to accommodate particular call chains, such a stack does not always return
stack pages, e.g., physical memory that corresponds to the stack pages, to the computer
system once the pages are no longer needed. Hence, such an approach often proves to
be an inefficient use of physical memory, as once additional stack space is dynamically
- allocated for a given function, the additional stack space may remain allocated for that

function regardless of whether the additional stack space will be needed again.

Non-contiguous stacks are typically used when there is not enough available
hardware to support virtual memory. These stacks are sometimes also used to reduce .
the inefficient allocation of physical memory. The use of stacks which can grow in non-
contiguous memory typically involves changing the compiler used to compile a
program, and, hence, functions related to the program, such that the compiler generates
additional code in the program and related functions that check for stack overflow. This
additional code iS considered to be special function prologue, or epilogue, code, and is
added to each function compiled using the modified compiler. In some cases, adding
checks for stack overflow to a function is unnecessary and, therefore, inefficient, as

some functions will never need additional stack space.



dynami cally to accommopdate particular call chains, such a stack does not
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generally platform specific, compilers associated with each platform on which non-

contiguous stacks are to be implemented must be modified to include the additional code

as previously mentioned.

Thus, what is needed is efficient, platform-independent software, methods, and
apparatus for allocating additional stack space to functions on an as-needed basis or
when there is insufficient hardware to support virtual memory without requiring new

compilers.

SUMMARY OF THE INVENTION
The present invention addresses the above-described difficulties in allocating
addjﬁoﬂal stack space by providing, in one aspect, a method, apparatus, and software

for efficiently allocating discontiguous stack space without requiring compiler changes.

In one. aspect of the invention, a method is provided for executing a compiled
function that is located in a first computer memory stack chunk such that additional
memory is allocated efficiently if a determination is made that such additional memory is
necessary for execution of the compiled function. In one embodiment, the method of

the invention includes calling a stack checking function that includes the compiled



whi ch is non-contiguous with respect to the "current" stack. Once the new
stack chunk 1is allocated, the execution of the function which required the
new stack chunk continues on the new stack. Wen the new stack chunk is no
| onger needed, the new stack chunk nmay be returned to the overall conputer
system However, while stacks which grow in non-contiguous nenory can be
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The present invention addresses the above-described difficulties in

all ocating additional stack space by providing, in one aspect, a mnethod,
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space without r £ ‘E’SWpF’Fé’I"'PS#?j _gacliclmonafme%oqyﬁncglﬁﬁgesgggceag{ng of the

| vent | on  SedSfh s SR KRR e GHERUS iudh, SH THbBE EmidifLcoR N 1S

| ocated in uter nenor such that additional nenory

i's al | ocat ekl fdntd Ritictioh i called TR i&cOtgnRA foScrééla trdgareiy Houndigy t i onal

menory is

between the first and second stack chunks. A trampoline function is also called to call
the compiled function in the second stack chunk. In other embodiments, stack

protection locks are engaged and released with respect to the second stack chunk.

In another aspect, the present invention includes computer-readable media
containing computer-readable program code devices for allocating additional computer
memory stack space for executing a compiled function located in a first computer
memory stack chunk. In one embodiment, the computer-readable medium comprises
computer program code devices configured to cause a computer to execute the steps of

the above-described method.

In still another aspect, the present invention includes a computer system
configured to allocate additional computer memory stack space for executing a compiled
function located in a first computer memory stack chunk. In one embodiment, the
computer system of the invention includes computer memory configured to store at least
one compiled computer function for execution. The computer memory is further
configured to be arranged into at least one memory stack space having at least one
memory stack chunk. A stack checking function generator is provided that is effective

to adapt the compiled function to form a stack checking function. Further, a memory



necessary for execution of the conpiled function. In one enbodi nent, the
nmet hod of the invention includes calling a stack checking function that
i ncl udes the conpil ed
-4- function. A determination is nmade if additional nenory is required for
executing the conpiled function. If no additional nmenory is required, then
the conpiled function is called and executed. However, if additional
menory i s necessary, then additional nenory is allocated that is
di scontiguous with the original nenory sback. _ I n one enbodi nent,
the step of allocating additional menory includes allocating a second
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buffer frame nis called that is conflgure to creale a transparent
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is also called to call the conpiled function in thée second stack chunk. In
ot her enbodi nents, stack protection |ocks are engaged and released with
respect to the second stack chunk. I n anot her aspect, the

present inventi dn omecémbedimentnhe alemoashahiger e dorfigussdntoaallucaty a second
conput er - readabl e program code devices for allocating additional conputer
menory st astack ghuek ffothe anemory imapageralstepiinesi thatiadditional memereis required forst
computer nmenory stack chunk. In one enbodinment, the conputer-readable
medi um conmgk¢®wiag the compiled function. In another embodiment, the memory manager is
adapted to create a buffer frame in the memory stack space which buffer frame is
adapted to create a transparent boundary between the first and second stack chunks. In
still another embodiment, if it is determined that a long-jump occurred the memory
manager is adapted to clean-up stack chunks allocated above the first stack chunk that

are not in use, and return those stack chunks for re-allocation.

These, and other aspects and advantages of the present invention, will become
apparent when the Description below is read in conjunction with the accompanying

Drawings.



conput er program code devices configured to cause a conputer to execute the
steps of the above-described nethod. In still another aspect,
the present invention includes a conputer system configured to allocate
addi ti onal conputer menory stack space for executing a conpiled function

| ocated in a first conputer menory stack chunk. In one enbodi nent, the
conputer system of the invention includes conputer nenory configured to
store at | east one conpiled computer fugction for execution. The conputer
menory is further configured to be arranged into at | east one nmenory stack
space having at |east one nenory stack chunk. A stack checking function

gener at or IBRIFFODESERIPTEON IOF FHETRAWINGS0 adapt the conpiled function to
forma stack checking function. Further, a nenory manager is

provi ded that i sTisd ineedtiongtdgethexwith firthehaivahtagds théreaty may bestrbetunderstod
determine if additional nenory is required to execute the conpil ed
function. by referencelto the ollowiingl deseriptiont takennimrmonjunctionawiéth the aceomfipagyingd t o
allocate a second stack chunk if the menory nmanager determ nes that

addi ti onal drawingg in whichquired for executing the conpiled function. In

anot her enbodi ment, the nenory nmanager is adapted to create a buffer frane
in the menory stBigklaisadiagammatio rrpresentation i acomputer stack.

Fig. 1b is a diagrammatic representation of a non-contiguous computer stack.

Figs. 2a and 2b are a process flow diagram which illustrates the steps associated
with a function which includes a check for stack overflow in accordance with an
embodiment of the present invention.

Fig. 3 is a diagrammatic representation of a non-contiguous computer stack
which includes a “buffer” frame in accordance with an embodiment of the present
invention.

Fig. 4 is a process flow diagram which illustrates the steps associated with
calling a stack-checking function in accordance with an embodiment of the present
invention.

Fig. 5 is a diagrammatic representation of a typical computer system in

accordance with an embodiment of the present invention.



adapted to create a transparent boundary between the first and second stack
chunks. In still another enbodinent, if it is determned that a |ong-junp
occurred the nmenory nanager is adapted to clean-up stack chunks all ocated
above the first stack chunk that are not in use, and return those stack
chunks for re-allocation. Thege, and ot her aspects and

advant ages of the present invention, wll becone apparent when the
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conput er stack. Fig. Ib is a diagranmatic representation of a
non-conti guous conputer stack. Figs. 2a and 2b are a process flow
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i ncl udes a chec or stack ov f ow I n accordance with an

stack chunk, 100 is generally a portion of computer memory associated with a computer
system. Stack chunk 100 is ordinarily located in the random access memory (RAM) of
a computer system, and may be considered to be a list of data contained in frames, as
for example frame 102. Stack chunk 100 may include any number of frames, or pages,
depending upon the number of functions in a call chain associated with stack chunk
100. Frame 102 is a region of memory on stack chunk 100 which contains data, as for
example local variables, that relate to a particular function. By way of example, frame
102 may include local variables associated with a stack-checking function, e.g., frame
102 may be a stack-checking function frame, as will be described below with respect to
" Fig. 2.

Stack chunk 100, as originally allocated by the computer system, is of a certain
size. The allocation of memory to stack chunk 100 may depend upon the expected size
of a “call chain,” or a series of function calls. Alternatively, the size of stack chunk 100
may be constrained by the amount of contignous memory available. When a function
call chain is executed, each function associated with the call chain will utilize an
associated frame on stack chunk 100 unmtil either all originally allocated, e.g.,
contiguous, stack space is used, or the usage of all originally allocated stack space is
imminent. When stack chunk 100 requires more memory, non-contiguous memory may

be allocated to staqk chunk 100.

Fig. 1b is a diagrammatic representation of a non-contiguous stack, or a stack
which exists in non-contignous memory. Stack chunk 100, as described above with

respect to Fig. 1a, includes any number of frames. However, when more memory than



enbodi nent of the present invention. Fig. 3 is a diagrammtic
representation of a non-contiguous conputer stack which includes a
"buffer"” franme in accordance with an enbodi nent of the present invention.

Fig. 4 is a process flow diagramwhich illustrates the steps associ at ed
with calling a stack-checking function-ga accordance wi th an enbodi nent of
the present invention. Fig. 51is a diagranmatic representation of
a typical corigmdlgralleyaédsostack chmkd00 dyrequitetl} dmoarcontignods poetién offmérhe@ypr esent
i nventi on. -7-
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nmet hod and apparatus for dynamcally allocating stack space wll be

descri bed DEESHET D RRp-sentign@sortion of memory: iy Which ityalse sisidged to be a An
illustratio f.a ut er stack .i rovided in Fig. la. A computer stack,
or stack cﬁ?f%ﬁhuﬁlgggﬁgaﬁgheé?] f‘?’i}(gogortion of conputer nemory associ at ed
wth a conputer system Stack chunk 100 is ordinarily located in the

random access nmenory (RAM of a conputer system and may be considered to

be a list of datwhileatpbsias iy be AfdSed fith tha tach fitEbE tHat RMEEpakOSf thet ack

chunk 100 may include any nunber of franmes, or pages, depending upon the

nunber of fprogtanpeallsianstackeshetking) finotios; S@C,| afundtion Which tis adedcloudetermine
whether additional memory should be set aside for a stack, checking each function that
is a part of a call chain of a program is often inefficient. As some functions will tend
never to need additional memory, checking all functions to determine if an additional
stack chunk should be allocated is unnecessary. Any suitable method may be used to
make a determination regarding which call chains and functions are likely to require the
allocation of additional stack space. Functions within the call chains which are likely to
require additional stack space can then be altered to include a call to a stack-checking
function. That is, checks for whether enough stack space may be needed can be added
in specific functions in order to resel;ve memory for the call chain with which the
functions are associated. Specifically, functions within a call chain which is likely to
require a stack to grow may be replaced by a stack—checkitig function that performs a
check on the remaining stack space available. It should be appreciated that these

functions may serve as “hooks,” or access points, to different call chains.

In one embodiment, the stack-checking function may be wrapped with other
code to form a wrapper function. By checking the remaining stack space available only
for call chains which are likely to need more stack space, the inefficiency associated
with checking all functions is greatly reduced. Further, by using stack-checking
functions in lieu of recompiling all functions such that all functions include stack-
checking code, the complications attributed to modifying compilers such that the

compilers generate extra stack-checking code are relieved.



100. Frame 102 is a region of nenory on stack chunk 100 whi ch contains
data, as for exanple local variables, that relate to a particular

function. By way of exanple, frane 102 may include | ocal variables
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non-conti guous stack, or a stack which exists in non-contiguous nmenory.
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- 8- originally called with parameters, or arguments, then the stack-checking function will

be called with the same parameters. In general, a stack-checking function is constructed

using information that pertains to the actual function with which the stack-checking

function is associated. In one embodiment, the size of a stack required by the actual

function is used, in conjunction with macros, to create the wrapper function for the

actual function.

In a step 206, a determination is made regarding whether the stack space that is
currently available is adequate for the execution of the actual function. The
determination may entail a check to determine if there is adequate stack space for the
execution of the actual function as well as all of the functions which may be called by
the actal function. Xf the determination is that no additional stack space is to be
allocated, then process flow proceeds to a step 208 in which the actual function is
called. After the actnal function is called, the process.of executing the actual function
ends at 210. | |

If the determination in step 206 is that adequate stack space does not exist, then
process flow proceeds to a step 211 in which a data structure is created to hold any
arguments, or parameters, passed into the call to the stack-checking function. The
structure is also intended to hold any return value which is associated with the actual
function. After the structure is created in step 211, any parameters passed into the call to

the stack checking function are copied into the structure. It should be appreciated that in



originally allocated to stack chunk 100 is required, a non-contiguous
portion of nmenory 104, also located in RAM nmay be allocated to stack
chunk 100. Stack chunk 100, together with non-contiguous portion of nenory
104, which is also considered to be a stack chunk, forman overall stack
110. While a program may be arraq ﬂged such that each function that
Is a part of the programcalls a stack-checking function, i.e., a function
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addi tional nenory, checking all functions to determne if an additi onal
stack chunk should be allocated is unnecessary. Any suitable nmethod may be
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i nefficiency assocl at
is allocated, a jump-back point for a “long jump” is set up in a step 214. As will be

appreciated by those skilled in the art, a long jump is a jump from a call at one level of
the stack to a call at a deeper level of the stack. A jump-back point is a point associated
with one stack chunk, e.g., the original stack with which the actual function is
| associated, to which a return to the stack chunk may be made from a new stack chunk.
The jump-back point is generally placed in a thread-specific, or thread-private, data
structure, as will be appreciated by those of ordinary skill in the art. It should be
appreciated that although not all call chains will require a jump-back point, the jump-
back point is typically created in the event that it will be needed. |

After the jump-back point is created in step 214, a call is made to the actual
function on the new stack in a step 216. In general, once the call is made to the actual
function, any return value from the call is copied into the structure which was created in
step 211. The steps associated with calling the actual funcﬁqn on the new stack will be
described below with respect to Fig. 4. From step 216, process flow proéeeds to a step
218, shown in Fig. 2b, in which a determination is made regarding whether a long
jump to the original stack chunk occurred when the call to the actual function was made.

If it is determined that a long jump to the original stack did occur, then, in a step 220,



wi th checking all functions is greatly reduced. Further, by using
stack-checking functions in lieu of reconpiling all functions such that
all functions include stack- checking code, the conplications attributed
to nodi fying conpilers such that the conpilers generate extra

st ack-checki ng code are relieved. ~11-
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conpiled function which i s part_of a call chain,associated w.ith pr ogram

begi ns at alocated gboverths origing) stask chupkeare, cleaned upy thel, 1P ARGA 242 e 386K og 7|
one enbodi pent, the stack-checking function i pheryf unction
for the acf’ﬁ‘mq(,s g re %F‘gg‘% a ‘Pﬁfﬂ%r?'i%lﬂc#eﬁ fs‘lng'ﬁ%tﬂ % ’gdéé 5%%1? gg%‘?e‘%ﬁt?gat in the
event that . l: | Qi s Eaivik teAIREREE LT S, O
argunents, r%rﬂlg'ﬁgﬁgﬂse?ggﬂc fé%k‘?q%goqﬁﬂn%%eg#ﬂwmfﬁébe called with the sane
paramet ers gy Qﬁﬁﬁl&%ﬁ?ﬁqaﬁ&,%fe@’?éé1i§ﬁ§§éﬂeﬂﬂ¥ {14604 fe@llodate nfemRey oulyt fod useusi ng
information that pertains to the actual function with which the

st ack- checlin Bgck Ehtmks.i Toshowld a8 appiecinted that forom Blazynieoldinetion’”, schéme,sirzze of a
stack required by the actual function is used, in conjunction with macros,
to create tstectivezjege np schawme imwhithall navdy allpsatad stagk ghapksogre not cleaned upy [, 5 st ep

206, a determination is made regar.ding whether the stack space that is
no clean up is necessarily done in this ste;?.

From step 222, a jump is made to a user-created jump-back point, which is both
stored and referenced in user-provided code, within a stack chunk that is appropriate to
the actual function. That is, a jump is made to the frame within the stack chunk that
contains the user-created jump-back point. Previously, a long jump was requested to
the actual destination, as was determined in step 218. However, in order to enable stack
chunks which are not in use, i.e., any stack chunks that were created in step 213 which
do not include the actual destination, to be cleaned up, a long jump is made to detour
from the actual destination to the jump-back point. After the unused stack chunks are
cleaned up and retumed to allocated memory, the jump is made to the actual destination.
Then, the process of executing the actual function, which involves stack-checking, ends
at 210.

If it is determined in step 218 that a long jump to the original stack did not
occur, then the new stack chunks, as allocated in step 213, are cleaned up in a step 226.
In some embodiments, all new stack éhunks are cleaned up. In other emboc_liments,
some stack chunks may not be cleaned up in anticipation of another function call which
may require the stack chunks. The cleaned up stack chunks are returned to 2 memory
allocater, a free list, or the like in a step 228. Once the stack chunks are returned, a

return is made from the actual function to the stack-checking function in a step 230.



currently available is adequate for the execution of the actual function.
The determnation may entail a check to determne if there is adequate
stack space for the execution of the actual function as well as all of the
functions which may be called by the actual function. If the determ nation
is that no additional stack space is to_Qkg_ allocated, then process flow
proceeds to a step 208 in which the actual function is called. After the
actual fun#inallp, insa sepl 232, ahpaeproosias of die asctwat Funatign tik copied Uedm ftherct i on
ends at 210. If the determination in step 206 is that adequate

st ack spacétrepsire thyt wak icated tinetep PllocBen, theoprogesscele gxecuting, agtaspab11 i n
which a data structure is created to hold any argunents, or paraneters,
passed i nt SmeHgn.vdiich ingolvesstagkcheckings isicomgletsdat 21bn. The structure is al so
i ntended to hold any return value which is associated with the actual
function. After the structure is created in step 211, any paraneters passed

nto the cal | Gne bhgis @ik HHSGEN Wack YIB! bih Heorfial 8ok I Asbdifiea

structure. It shoul e appreciate _ _
-10-  sone neiyliadé By bifitablekBnfAgiration, DAd GhitaBIR conflguridiCR, showa istEigkschecki ng
function, may not require any paraneters to be passed into a call.."
New, di scomhichuisua diagnnmfiacrepresentation sifag knonkuontignous occongputes estack - t he
original stack chunk, is allocated in a step 213. One configuration for an
i nterface [Beqordanee twith an embodiment of the present invention. Computer stack 302

comprises an original stack chunk 306 and a new stack chunk 308. It should be

appreciated that although stack 302 is shown as being comprised of two discontiguous

portions, namely original stack 310 and new stack 320, stack 302 may be comprised of

any number of discontiguous portions.

Original stack chunk 306 includes a stack-checking function frame 312 which
holds local variables, i.e., variables which are local to original stack chunk 306, which
are used by the stack-checking function. As described above with respect to Fig. 2, the |
stack-checking function is generally used to determine whether a stack overflow has
occurred or appears to be imminent. The stack-checking function accesses a “‘stack
reflector” function that generally contains code used to allocate stack space and perform
a clean up of stack chunks which are not in use. Local variables used by the stack

reflector function are contained in stack reflector frame 314.

It should be appreciated that in the described embodiment, variables contained
within stack reflector frame 314 include variables used to lock a “stack checking lock,”
which is a lock that temporarily prevents other threads from accessing the stack with
which the lock is associated, while pointers are moving between original stack chunk
306 and new stack chunk 308. One pointer which is moved between original stack
chunk 306 and new stack chﬁnk 308 is generally known as a current stack chunk

pointer. The current stack chunk pointer generally keeps track of the stack which is in



original stack chunks and a new stack chunk wi |l be described bel ow with
respect to Fig. 3. Typically, the anbunt of stack space allocated is
dependent upon the amount of stack space that is likely to be required by
the actual function. That is, stack space may be dynamcally sized based
upon the requirenents of the actual funcgiran. In one enbodinent, the new
stack chunks which are allocated are obtained froma nenory allocater, or
a free |i ase, &ffos exariple stack 302V fiame peinten adsbaiated with aAfack chumle asefior st ack
space is allocated, a junp-back point for a "long junp" is set up in a

st ep 214. eagmpleinewistack shwks¥i8aidentifisy the fasationsefj the efrephframe ofpew sick ong j unp
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tack ch o 1N i gi nal,.stack. ' . ' [
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or thread-privat structure, a be appreciated by those of

ordi nary sdfithd sthdk dhlafk ¥hich wds nSd3piebéhtly @sedaPitie eadteflarhdiiaicludes fraigh not  al |
call chains will require a junp-back point, the junp- back point is

t ypi cal | y stackgoiteriwhitthevesthemobtiredent location of thecumsattatk pointer within thaf t er t he

junp-back point is created in step 214, a call is nade to the actual
functi on ofmM$e new stack in a step 216. In general, once the call is nmade
to the actual function, any return value fromthe call is copied into the

structure which was created in step 211. The steps associated with calling

the actual funchypg P LG e &k Ambblinehitin SRS IvBEFR! Gkl i T espect

to Fig. 4. From'Step process Tlow proceeds to a step shown in
Fig. 2b, iRciid Y stck BhificBondkd stictiu® ni$8 ubeada oftien & idBRifY Stackicingikg  j Unp to

the original stack chunk occurred when"the call to the actual function was
made. | f thit drépaitéfmoverll stabwhith!ifdhgies thestack chnnk thatiig curadntly imuoke.di d
occur, then, in a step 220, _ : .

This stack chunk context structure identifies stack chunks which were previously

pointed to by the current stack chunk pointer. The points to which long jumps are made

may also be identified in the stack chunk context structure.

The stack protection lock, which may be any suitable lock, as for example a
scheduler lock, serves the purpose of preventing other threads from accessing new
stack chunk 308 and stack chunk 306 while the current stack chunk pointer is being
moved between original stack chunk 306 and new stack chunk 308. For embodiments
in which the lock is a scheduler lock, multi-threaded execution is prevented for short

periods of time.

As the stack reflector function allocates stack chunks, the stack reflector
function may allocate a non-contiguous stack chunk, as for example new stack chunk
308. While new stack chunk 308 and original stack chunk 306 are discontiguous in real
memory, a buffer frame 316 serves as a functional linkage between new stack chunk
308 and original stack chunk 306. That is, buffer frame 316 basically makes the
boundary between new stack chunk 308 and original stack chunk 306 transparent. A



t he unused stack chunks all ocated above the original stack chunk are
cl eaned up using nethods which are well known to those skilled in the art.
After the stack chunks allocated above the original stack chunk are
cl eaned up, then, in a step 222, the stack chunks are returned to a nenory
allocater. Alternatively, the stack .chunks can be returned to a free list.
Wiile a nenory allocated for the free list can be reallocated to any

suitable application, the free list is géf’iéral |y used to reall ocate nenory
only for use in stack chunks. It shoul d be appreciated that for a "lazy
recl amat i dpwffes frmeduncsion hat isassociated avith buffer framestigdmyokesa fipnetion et ispey y

all ocated stack chupks are po | eaned. 0 cl.ean up | cessarily done
in this st@geutingon the new %Cilpébg@%sgﬁffﬁl}ﬁﬂpg f?ﬂfﬁ%" F%abzes[}geé?cﬁgzﬁeat ed

j unp-back point, which is bot orped. | - | ded
code, with c"é?nst?ﬁé?(cug Wu%ka gﬁ@?n ?’%"%‘;ﬁ)@‘r“g%? tlv%etglféﬂ[eg&ﬁtgﬁes%lé?’ ég#r%g\ét I on.

That [ s, apdiihs il Yfick Poidiér. 'FAE:, e bl Rificioh?fky SR 'iad nocont ai ns
t he user-created Junp-bacK point. Previously, a long Junp was requested to
t he act ual gigi@fctioh Made betven WRE-cIRtgONS stadks 3065868 ThkSroddssvef dnvoking or der to
enabl e stack chunks which are not in use, i.e., any stack chunks that were
creat ed i nnest stpcledBinki308 inchules noVing el stk pointer fromuerigingd statk ehunk 306t 0 be

cleaned up, a long junp is made to detour . fromthe actual destiur}lition to
the j unp- btegte chuple 3Q& andiyeoving fhe frams pRiRteasEAGIAted ith new stack ch

308 to buffer frame 316.

A “trampoline” function, which is associated with trampoline function frame
318, is invoked by the buffer frame function to release the scheduler lock to enable the
actual function, which is associated with actual function frame 322, to be invoked. The
trampoline function generally continues the work of the stack reflector function. As
described above with respect to Fig. 2, arguments may be passed to the actual function
using a data, or memory, structure. The data structure serves as a transport for any
arguments to the actual function and any return value that results from a call to the actual

function.

In general, the trampoline function includes a prologue and an epilogue.
Although the prologue may contain any code, in the described embodiment, the
prologue contains “locking code,” or the code which is used to lock the stack protection
lock. Similarly, while the epilogue may also contain any code, in the described
embodiment, the epilogue contains code which is used to unlock the stack protection
lock.

In the described embodiment, once the trampoline function executes the
prologue code which may unlock the stack protection lock, an argument and return
value copy function, which uses local variables contained in argument and return value

copy function frame 320, is called to copy arguments, or parameters, into the call to the



cl eaned up and returned to allocated nenory, the junp is nmade to the actual
destination. Then, the process of executing the actual function, which

i nvol ves st ack-checking, ends at 210. If it is determned in
step 218 that a long junp to the original stack did not occur, then the
new stack chunks, as allocated in step 213, are cleaned up in a step 226.

I n some enbodiments, all new stack chunk3dare cleaned up. In other

embodi ment getnal fifdHRONS ThE lacBlURKSIONEY BRkiaka witteaded! furetiom frame i322pat | on of
anot her function call which may require the stack chunks. The cl eaned up

st ack chunkisould der apipreciatad that in sEm® exnbodimiehtsc thectrampelife &mnctionsand dhe t he | i ke
in a step 228. Once the stack chunks are returned, a return is made from
the act ual afgument and rewm Yaduesqopy functienTapybe ¢ompsise 8 Finglp fupcdeny 230,

-12- Finally, in a step 232, any return value of the actual function is
copied fromthe structure that was created in step 211. Then, the process

of executing an (el lacrltHloR s callld GFinb BAPhoAESucS dein VAR ke

conpl eted at 210. orrgrn stac a new stack wth which

the ori gi Nghy,stacdbiddinfoIROG A R mERY plRF6EsR BscibEd! ARkEhS febirh Gdfdlié on. One
sui tabl e COI’lfuI guration is shown in'Fig. 3, "which is a diagrammatic

r epr esent atcbpisd,Oprodess Wene6lNfeh@hsotoSthe tapipblate fahctivk to rexecatecepildgueceodsi t h an
enbodi ment of the present invention. Conputer stack 302 conprises an
ori gi nal stwhit¢h tiayrikcledes camuaudsntovredocke thecitackipraesion |locks Fygnialie the

return value is returned to the stack-checking function via the previously mentioned data

structure.

Referring next to Fig. 4, the steps associated with calling an actual function on a
new stack will be described in accordance with an embodiment of the present invention.
In other words, step 216 of Fig. 2 will be described. In a step 404, a buffer frame
function, which was previously described, is called in order to place a frame pointer
and the current stack pointer in the same new staék chunk. The buffer frame function is
further used to copy any arguments associated with the actual function to the new stack
chunk. The call to the buffer frame function is generally made by the stack-checking
function, or by a function that is called by the buffer frame function, as for example a

stack reflector function.

After the buffer frame function is called, prologue code that needs to execute on
the new stack chunk, is executed in a step 406. It should be appreciated that the
prologue code may include commands to release, or unlock, a stack protection lock. In
some embodiments, the stack protection lock may be locked using a stack reflector
function, and unlocked using a trampoline function. The stack protection lock, as
described above, generally serves to prevent programs, or threads, other than the

current program, or thread, from accessing the stack. In order for other threads to



appreci ated that although stack 302 is shown as being conprised of two

di scontiguous portions, nanely original stack 310 and new stack 320, stack
302 may be conprised of any nunmber of discontiguous portions.

Original stack chunk 306 includes a stack-checking function frame 312 which
hol ds | ocal variables, i.e., variables m@%gb are local to original stack
chunk 306, which are used by the stack-checking function. As described
above w t hexeeaeemid tbexkinghe the chiffent statla phinteicthiistagk protection docksmystnbe al | y
used to determ ne whether a stack overflow has occurred or appears to be

i mmi nent. Thlockaddolstepd@6ki ng function accesses a "stack reflector”
function that generally contains code used to allocate stack space and
perform a clean up of stack chunks which are not in use. Local variables

rame d1a  WaseBpOE i RRb fipET e Btk B bl
enbodi ment ’da%?“{“gﬂlfegéfﬁ&g‘{%j a8 urﬁlﬂs%hjrﬂatﬁ%,%atanﬁeﬁérlﬁﬁfegrst&écﬁw theldata Ncl ude

vari abl es use st ack checking which is a | ock that

t enpor ari | Wridte@ndatedah Bep 21 N6ERAES dré A58l Aftie 841l BGhd Attuabfumehion/li Bomsvhi ch t he
| ock is associated, while pointers are noving between original stack chunk

306 and newmbodinkents) thekexafifion Of pralepua icade, absociated svithow edmpelingefoncton;, gi nal
stack chunk 306 and new stack chunk 308 is generally known as a current
st ack chunknayphbs required Prier touthe enecutiom of theragirl fwrtinne rand dhe exgcntion 88ps t r ack

of the stack _which.is in .
epilogule codcle maly be required prior to a return to the buffer frame. That is, the

execution of the actual function may be interposed with a call to a trampoline function. .
After the actual function executes, any return value which results from the execution of
the actual function is written in the data structure in a step 410. In some embodiments,
the actual function will not return a value, in which case no return value is stored in the

data structure.

From step 410, process control proceeds to a step 412 in which epilogue code,
generally associated with a trampoline function, for the new stack chunk is executed. In
the described embodiment, the epilogue code includes commands to re-lock the stack
protection lock. After the epilogﬁe code is executed, a return is made to the buffer frame
in a step 414. Then, in a step 416, a return is made to the stack reflector frame. As
previously described, code associated with the stack reflector frame includes code used
to clean up stacks. After the return to the stack reflector frame, the process of calling the

actual function on the new stack ends at 418.

Fig. 5 illustrates a typical computer system in accordance with the present
invention. The computer system 530 includes any number of processors 532 (also
referred to as central processing units, or CPUs) that is coupled to memory devices
including primary storage devicés 534 (typically a read only memory, or ROM) and
primary storage devices 536 (typically a random access memory, or RAM) on which



-13- use, as for exanple stack 302. A frame pointer associated with a
stack chunk, as for exanple new stack chunk 308, identifies the |ocation
of the current franme of new stack chunk 308 which is in use. In
enbodi.ments which include a frame pointer for each stack chunk, for a
stack chunk which is not in use the franme pointer associated with that
stack chunk "points to," or identifies, typp "top" franme of the stack chunk,
or the franme of the stack chunk which was nost recently used. Further,

h f Lpcl ud Lnt. &
Cocat i on ol st ieRny AR, 3 86 B e B, ROMBST 2ol 05wl BTE" )
be appreci aldfsthi2abns Wi-dRERRAIER e CPU WL RAMPSIEEE @iedIypiedily G5 watisFerd ©

i ncluded, a stack chunk context” structure may be used 1T'n ofder to identify
st ack chundsfa ardiabtnfdtiongiaralbi dire@ionaMadnatr Bothatikharhstorage dshicesi 634,186 st ack
chunk that is currently in use. This stack chunk context structure

i dent i f i esmey éncludehuy kuitableicomputer-eeagable/media as,desquibedhabonie.tAomiags mbmoxyur r ent
stack chunk pointer. The points to which [ong jumps are made may al so be
dent i 11 eddeie T8 18 akcauplidi cimetionallycior GRY (322, and provides addifigeal gt
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mul ti-threaded execution is prevent ed for short periods of tine.
take the form of a magnetic or paper tape reader or some other well-known device. It

will be appreciated that the information retained within the mass memory device 538,
may, in appropriate cases, be incorporated in standard fashion as part of RAM 536 as
virtual rﬂéﬁxory. A specific mass storage device such as a CD-ROM 534 may also pass
data uni-directionally to the CPU.

CPU 532 is also coupled to one or more input/output devices 540 that may
include, but are not limited to, devices such as video monitors, track balls, mice,
keyboards, microphones, touch-sensitive displays, transducer card readers, magnetic or
paper tape readers, tablets, styluses, voice or handwriting recognizers, or other well-
known input devices such as, of course, other computers. Finally, CPU 532 optionally
may be coupled to a computer or telecommunications network, e.g., an Internet
network or an intranet network, using a network connection as shown generally at 512.
With such a network connection, it is contemplated that the CPU might receive
information from the network, or might output information to the network in the course
of performing the above-described method steps. The above-described devices and

méterials will be familiar to those of skill in the computer hardware and software arts.

Thus, the present invention will be seen to provide an efficient method of
allocating memory in a computer system without the effort and expense of designing

new compilers and recompiling existixig software. Using the software, methods, and



As the stack reflector function allocates stack chunks, the stack reflector
function may allocate a non-contiguous stack chunk, as for exanple new
stack chunk 308. Wiile new stack chunk 308 and original stack chunk 306
are discontiguous in real nenory, a buffer frane 316 serves as a
functional |inkage between new stack chunk 308 and original stack chunk
306. That is, buffer franme 316 basically nakes the boundary between new
stack chunk 308 and original stack chunk 306 transparent. A

-14- buffer frame function that is associated with buffer frame 316

i nvokes a function that is executing ont&e new stack chunk 308. This
buffer frame function enables the actual function to execute with a hidden

di scontinuity between _the current stack pointer and a previous franme stack
poi nt er. F@PPHaws deseribad: bereing staski onerfleyy conditionse co tbe evaluaigd; tandc pEWN made

bet ween non-conti gugus stacks 306, 308. The process of invqQking new stack
chunk 308 imrev%e‘gaq%o@m@jstwosﬂsér@m% o IRYH TBFRAY 5@5@!@%%%@ 306
to new stack chunk .308_ and ving the frane, pointer .associated with new
stack chuniom BRENTRE RS Fan bhedand meipe wrapped Sack checkifia sk opyates themeeon,
which is a i,al. ith.tr aline functi.on fr. I's invoked by the
buf fer fra?épﬁg%éé agéﬂe%%mﬁ%&ggg%ﬁ ’S%‘?{%%ﬁﬁ‘%?"‘ﬁg‘?ﬁ°ﬁ%’§‘é°nab| e the actual

function, which is associated with actual function frame 322, to be
i nvoked. The

Although only a few embodiments of the present invention have been described,
it should be understood that the present invention may be embodied in many other
specific forms without departing from the spirit or the scope of the present invention.
By way of example, the steps associated with executing a function which requires the
ability to determine the availability of stack space may be widely varied. Steps may also
be removed or added without departing from the spirit or the scope of the present

" invention. Further, the process of cleaning up stack chunks which are not in use may be
selective, rather than all-encompassing. By way of example, rather than cleaning up all
stack chunks which are not in use, certain stack chunks may be cleaned up, while
others may be left allocated in anticipation of future functions, without departing from
the spirit of the scope of the present invention. Therefore, the described embodiments
should be taken as illustrative and not restrictive, and the invention should be defined

by the following claims and their full scope of equivalents.



tranpol i ne function generally continues the work of the stack reflector
function. As described above with respect to Fig. 2, argunents may be
passed to the actual function wusing a data, or menory, structure. The data
structure serves as a transport for any argunents to the actual function
and any return value that results froma call to the actual function.

In general, the tranpoline function inclU®s a prol ogue and an epil ogue.

Al t hough the prol ogue may contain any code, in the described enbodi nent,
the prol YUEHECTLAIMS: "| ocki ng code, " or the code which is used to | ock
the stack protection lock. Simlarly, while the epilogue may al so contain
any code, }-n A methedsfer pliecating-addisionsleoemputen memery slatkespash for exscutingea whi ch i s
used to unlock the,stagk protectiqn. _|ock.. . In the described
embodi nent, SRERHE g"\“P%S‘G!‘?th“Pﬁ?ﬂ:ﬁ“ﬁ‘ﬂP"e‘ﬁé%%é“?ﬁéﬂ COMBPSHIE™MOBHe whi ch
may unl ock t t rotection lock, an argunent and return val ue copy
function, whi Eﬁ%ﬁﬁg‘g@’ﬁ?ﬂ%@aﬂ%@gﬂ&sﬁ?ﬁpﬁed in argunment and return val ue
fﬁgycg unct! o {h%fe c@ifihig 32&ack! cheSihg Rifficlich, G215tk BBGng RinclAS HWEIGRS | Lo
actual functionsaifikempiédfhctioanction is associated with actual function
frame 322. It should be appreciated that in sone enbodi nents, the

tranpol i ne f Ww)ctdeermimiig ifhadditional stack space will be required for executing said

compiled function;

¢) calling said compiled function if it is determined that no additional computer
memory stack space is required to execute said compiled function; and

d) allocating said additional computer memory stack space for executing said
compiled function if it is determined that said additional computer memory
stack space is required to execute said compiled function, wherein said
additional computer memory stack space is not contiguous with said computer
memory stack.

2. The method of claim 1, wherein said step of allocating said additional computer
memory stack space includes allocating a second stack chunk for said compiled
function. |

3. The method of claim 2, including the additional steps of:

a) calling a buffer frame function, said buffer frame function configured to create
a transparent boundary between said first stack chunk and said second stack
chunk;

b) calling a trampoline function, said trampoline function configured to call said
compiled function using said second stack chunk; and

c) executing said compiled function on said stack chunk.

4. The method of claim 3, further including the step of releasing a stack protection
lock associated with said second stack chunk.

5. The method of claim 4, further including the step of locking said stack protection

lock. .
* ¢ L H s *




argunent and return val ue copy function may be conprise a single function.
Once_the actual function is called, if the call generates a return val ue,
the return value is copied into the data structure, as previously
described. After the return value is cophjed, process control returns to
the tranpoline function to execute epil ogue code, which may include

TTE' B TR AL R A i e

val ue i s returne tion via the previously

nmenti oned dajy, ﬁ%ﬂ}ﬁq Referri ng next to Fig. 4, the steps
associated wth cal l'i ng an actual function on a new stack w [ be

descri bed7j nTRcaehdaRE elawh 6h fittheembludingult steyf oft determiniagowhethervedorigon. I n
ot her words, step 216 of Fig. 2 will be described. In a step 404, a buffer
frame functjuopoostwreh was previously described, is called in order to

pl ace a frame pointer and the current stackig;S ter I n the sanme.new stack

chunk. Th8. blhe methodefeclaimn bt fusther icluding thoste clezpingsyR, stagk, © nent s

t ed h t tu f t t [t
T
functi on, u\ﬁgg %gxld%sttsggi ﬂu%k(ﬁﬁk Lr@(%ﬁ}iuwﬁ aerérFA&g {16308, fynigt i on, as

for exarrpl e reEear FUnct r the ’buffer frarre

function is ﬁé’lgnjn‘ﬁgedtﬂﬁtoi g%g_m?p&ﬁu&g@t needs to execute on the new stack

chunk, is executed I1n a st 06. It should be appreciated that the

prol ogue godg émputdmaadﬂe AR Ebntdiing AR reatlable pragram cades tevides
protection |ock. sone enbodi nents, the stack protection |ock may be

| ocked usi ngfar zﬂloaﬂingrzelﬂitrenﬂmomphmnntermry stackdspant Serkexgeutingrigcampilednpol i ne
function. The stack protection |lock, as described above, general ky serves
to prevent pfungtiomswhish compietti§mciinnisrlogatedring : dirst computer memory  stac

chunk, said computer-readable medium comprising computer program code devices

configured to cause a computer to execute the steps of:

a) calling a stack checking function, said stacking checking function including
said compiled function;

b) determining if additional stack space will be required for executing said
compiled function;

¢) calling said compiled function if it is determined that no additional computer
memory stack space is required to execute said compiled function; and

d) allocating said additional computer memory stack space for executing said
compiled function if it is determined that said additional computer memory
stack space is required to execute said compiled function, Whemin said
additional computer memory stack space is not contiguous with said computer
memory stack.

10. The computer-readable medium of claim 9 wherein said program code devices are
configured to cause a computer to allocate said additional computer memory stack
space include program code devices for allocating a second stack chunk for said

compiled function.
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current program or thread, from accessing the stack. In order for other

threads to - 16-
execute and to exam ne the current stack pointer, the stack protection | ock
nmust be unlocked in step 406. In a step 408, the actual function

I s executed using paraneter values held in the data structure created for
this purpose. That is, paraneter values stored in the data structure
created in step 211 of Fig. 2 are used in_the call to the actual function.
In sonme enbodi nents, the execution of To?%Togue code, associated with a

t ranpol i nq1f The computer-iaidable nielinm bfclaipn 10) wherint said prograut ¢oda dovicesase act ual
function, and the execution of epilogue code nmay be required prior to a
return to theoifigured tof canseea cdihputer to exechte theadsitiomabstepsioft he actual function

may be interposed with a call to a trampoline function. . After the actual
function exeelt eallingaypufier frame Furictien.spiddmifes frame Sungtign,cp of

4]
t he actual function is witten in the data strycture in a,ste 10..1n sone
enbodi nents, t Bdranspasent Wﬁé@rw(h?twﬁep|saﬁ4cﬁrsfr%?h“£§\ﬁé‘3§é3ds F?‘F%Rﬁisgaﬁkcase no
return value is stored in the data structure. From step 410,
process control cb‘t‘%eeds to a step 412 in which epilogue code, generally

ot he desc b ealBRBIRRAIRe fHigoapri repolE SRoR AMe iRl A cuf sgecut ¢

re-lock the st a%gmpiled function using said second stack chunk; and
¢) executing said compiled function on éaid stack chunk.

12. The computer-readable medium of claim 11, wherein said program code devices are
configured to cause a computer to execute releasing a stack protection lock
associated with said second stack chunk.

13. The computer-readable medium of claim 12, wherein said program code devices are
configured to cause a computer to execute locking said stack protection lock.

* 14. The computer-readable medium of claim 9, wherein said program code devices are
configured to cause a computer to execute setting a jump-back point for a long jump
operation. |

15. The computer-readable medium of claim 14, wherein said program code devices are
configured to cause a computer to execute determining whether a long-jump
occurred.

16. The computer-readable medium of claim 15, wherein said program code devices are
configured to cause a computer to execute cleaning-up stack chunks allocated above
said first stack chunk that are not in use, and returning said stack chunks above said
first stack chunk that are not in use to a memory allocater, if it is determined that a
long-jump occurred.

17. A computer system configured to allocate additional computer memory stack space
for executing a compiled function, which compiled function is located in a first

computer memory stack chunk, said computer system comprising:
I —

A A



protection | ock. After the epilogue code is executed, a return is nmade to
the buffer frane in a step 414. Then, in a step 416, a return is made to
the stack reflector frame. As previously described, code associated with
the stack reflector frame includes code used to clean up stacks. After the
return to the stack reflector frame, the process of calling the actual
function on the new stack ends at 418. Fig. Sillustrates a

typi cal conputer systemin accordance with the present invention. The
conput er system 530 includes any nunber-#%-processors 532 (also referred
to as central processing units, or CPUs) that is coupled to nmenory devices

o 0 B b 5 n o Rk e B R T

RAM on whi ch furth nfigured to be arranged 17-
stacks are genelfgﬁ ?xec}ltcl)ﬂlhcfmd compsu ’f‘?m%om}%‘g. n trecoarl ROM 534 agcts to

transfer data a'tik%&trdh%trhﬁgc?g QI]B &t r u |1éagt61ﬁlﬁé]ﬁor§]§tdcﬁ.aﬁhrﬁ°\|\/l 536 is

used typically to transfer lons in a bi-directional

manner. Bot h yyr i "gkek éﬁ&l&geﬁﬂemrpg&ew tht36 effeBtive fichdupe saidy compileald! e
conput er -readabl e nmedi a as descri bed above. A nmass nenory device 538 is

al so coupl ed bi fdhdtRmito $ora & ¥taélocHetking fihcidt] provi des addi tional data
storage capacity. The mass nenory device 538 nay be used to store prograns,

data and the)l idenembey mandgypihatis bffeciive eomecide yaid stack gheckingi funetiancandas a
hard disk that is
determine if additional memory is required to execute said compiled function.

18. The computer system of claim 17, wherein said memory manager is configured to
allocate a second stack chunk if said memory manager determines that additional
memory is required for executing said compiled function.

19. The computer system 6f claim 18, wherein said memory manager is adapted to
create a buffer frame in said memory stack space, said buffer frame being adapted
to create a transparent boundary between said first stack chunk and said second
stack chunk.

20. The computer system of claim 19, wherein said memory manager is adapted to
clean-up stack chunks allocated above said first stack chunk that are not in use, and
return said stack chunks above said first stack chunk that are not in use for re-

allocation, if it is determined that a long-jump occurred.
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sl ower than primary storage devices 534, 536. Mass nenory storage device
538 may take the formof a magnetic or paper tape reader or sone other
wel | -known device. It wll be appreciated that the infornmation retained
wi thin the mass nenory device 538, nmay, in appropriate cases, be
incorporated in standard fashion as part of RAM 536 as virtual nmenory. A
specific mass storage device such as a CD-ROM 534 may al so pass data

uni -directionally to the CPU. CPU 532 is also coupled to one or
nore input/output devices 540 that nmay include, but are not limted to,
devi ces such as video nonitors, track balls, mce, keyboards, m crophones,
touch-sensitive displays, transducer carB3readers, nmagnetic or paper tape
readers, tablets, styluses, voice or handwiting recogni zers, or other

wel | - known input devices such as, of course, other conputers. Finally,
CPU 532 optionally may be coupl ed to a corrput er or tel econmunications
network, e.dMeth £l Pk : ] istRhYRdtimé/ Sialgs @ network

connection as shown g y connection, it
is contenplated that the CPU m ght Agsm@rlnforrratlon fromthe netvvork
or mght output information to the network in the course of performng t he

above- descr i bedAnméthed] app&itus, ahdsoftWaiedotieficiehtde allatating &Rcatiguouddtaik al s

will be famliar to those of skill in the conputer hardware and software
arts. space withust, reighiringr estapiler ichargpes iarendesctibed)dnsmenaspectpa anethiel isn
efficient nethod of allocating nenory i-n a conputer systemw t hout the

ef fort andreyided fer exfeceting g compiled-fanctiomnthat mdecmddn raeﬁreh@mpmg memeryi ng
software. Using the software, nethods, and
stack chunk such that additional memory is allocated efﬁc1ently if a determination is

made that such additional memory is necessary for execution of the compiled function.
In one embodiment, the method includes calling a stack checking function that includes
the compiled function. A determination is made if additional memory is required for
executing the compiled function. If no additional memory is required, then the compiled
. function is called and executed. However, if additional memory is necessary, then

additional memory is allocated that is discontiguous with the original memory stack.
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appar atus descri bed herein, stack overflow conditions can be eval uated, and
new nenory stack chunks reallocated if necessary, to prevent nenory

all ocation errors fromoccurring. This can be done using w apped stack
checki ng that obviates the need for redesigning existing conpilers and

reconpi l ing exi sting software. Al t hough only a few enbodi nents of
the present invention have been describge it should be understood that
the present invention may be enbodied in nany er ~ specific forns wthout

departing fromthe spirit or the scope of the presynt invention. By way of
exanpl e, the steps associated with exeeuting a functlion whietmyrequires the
ability to determne the availability of stack spacq may be wijdely vari ed.
Steps may al so be renoved or added without departi
the scope of the present invention. Further, the prljocess of gl eaning up
stack chunks which are not in use may be selective, rather than

al | -enconpassi ng. By way of exanple, rather than cl
chunks which are not in use, certain stack chunks y be cl earjed up, while
others may be left allocated in anticipation of futdre functidgns, w thout
departing from the spirit of the scope of the pres } ?
Ther ef or e, bbe descri bed enbodi nents should be taken as |IIustratHV,—ang
not restrll é>'and the invention should be defined by the follow ng
clainms and thei r®*full scope of equivalents.

/\_/
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-19- INTHE CLAIMS: 1. A nethod for allocating additional conputer nenory

stack space for executing a conpi l ed function, which conpiled function
is located in a first computer nenory stack chunk, the nethod
conprising the steps of: a) calling a stack checking function, said

stacki ng checki ng function including said conpiled function

b) determning if additional stack space{vm |1 be required for executing

sai d conpi |l ed functi on; c) calling said conpiled function if
it is determined that no additiqhal 2o’ menory stack space is
required to execute said conpild and d) allocating said
addi ti onal conputer nenory stack ¢ for executing said conpi | ed
function if it is determ ned that spid additional conputer nenory

stack space is required to execute waid corpiled function, wherein said
addi tional conputer nmenory $tGAId space is rot_sgpntiguous mnth sai d conputer
menory stack. 2. The net hoyl SYAGK-GHECKINGIET 61 n sai d step of allocating

sai d addi tional conputer. FUROPION st ack Jspace includes allocating a
second stack chunk for said compilep function.

_-208
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FUNCTION

210

CREATE DATA
STRUCTURE FOR | 211
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PARAMETERS AND | 212
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!

SET UP //214
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v

CALLACTUAL | 216
FUNCTION ON
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3. The nmethod of claim2, including the additional
calling a buffer franme function, said buffer frame function configured to
Create a transparent boundary between said first stack chunk and
sai d second stack chunk; b) calling a tranpoline function
said tranpoline function configured to call said conpi l ed function
usi ng said second stack chunk; and c) executing said conpiled function
on said stack chunk. 4. The nmethod of claim 3, further including the step
of releasing a stack protection | &A6 associ ated with said second stack
chunk. 5. The nethod of cIain14, further including the step of |ocking
said stack protection -

-20-
j unp- back point for a

steps of: a)

urther including the step of setting a
junp operation. 7. The nethod of claim§6,
Junp
afm 7, further including the steps of
al l ocated above said first stack chunk that

occurred. 8. The nethod of
cl eani ng-up stack chunks

are not in use, and returningXsai d_gggck chunks above said first stack
chunk that are not in use reQory al | opeLEAN-UP STACK det er m ned
that a | ong-junp occurred..oNGg-JUMPTO CHUNKS (ABOVE /220
ORIGINAL) THAT
ARE NOT IN USE
RETURN STACK
CLEAN-UP NEW CHUNKS TO /222
STACK CHUNKS MEMORY
(CREATED IN 213) ALLOCATER
. /228
RETURN STACK
JUMP TO
CHUNKS TO ACTUAL L 224
MEMORY DESTINATION
ALLOCATER
A
RETURN TO
STACK-CHECKING |20
FUNCTION
Y
WRITE RETURN
VALUE TO ,—~232
STRUCTURE
(CREATED IN 211)
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9. A conputer-readabl e nedi um cont ai ni ng conput er -readabl e program code
devi ces for allocating additional conputer nenory stack space for
executing a conpiled function, which conpiled function is located in a
first conputer nenory stack chunk, said conputer-readabl e nedi um
conpri sing conputer program code devices configured to cause a
conputer to execute the steps of: a) calling a stack checking
function, 3 d stacking checking functi4ffincl uding said conpil ed
function; ) determning if additional stack space will be required
for executing said conpi |l ed functi on; c) calling said
conpiled function if conput er

it is determned t Ltional
menory stack space is T Cute said conmjiled function; and
d) allocating said additional conputer nenory staclk space for executing
sai d conpil ¢d function if it is determ ngd that said additiona
conputer nenory stack space is required tjo execute said conpiled
function, wherein said addi ti onal conputdr nmenory stack space is
not contiguous with sfid conputer menory |st ack. 10. The
conput er -readabl e medfum of claim9, wherein said grogram code devices are
configured to cause afjconputer to alfocate sard additional conputer nenory
st ack space i nclude program code devi ces for 9L43221ing a second
stack chunk for said c AARPTUAH RUNGTIOM.
8 '\
PARAMETER (ARGUMENT) AND | — 320
RETURN VALUE COPY FUNCTION |
318
TRAMPOLINE FUNCTION
| S T
| Lommme e iiecccccneme e —————— I
I | 7‘%' . 3
' |
! "BUFFER FRAME" 316
| |
I Lo cccccccccccccccec—m—m————— I
I ]
_ //'314
STACK REFLECTOR FRAME
306 —,
STACK-CHECKING L~ 312
FUNCTION FRAME




-21- 11. The conputer-readabl e medi um of claim10, wherein said program

code devices are configured to cause a conputer to execute the
addi ti onal steps of: a) calling a buffer frane function, said buffer
frame function configured to create a transparent boundary between
said first stack chunk and said second stack chunk; b)
calling a tranpoline function, said trampg ine function configured to cal
sai d conpil ed function using said second stack chunk; and C)
executing said conpiled function gh sad stack chunk. 12. The

erein said program code devices are
e releasing a stack protection |ock
associated with said second stack™s 13. The conput er-readabl e nmedi um
of claim 12, wherein said progran1c-de devi ces are configured to cause
a conputer to execute | ocki é K pu)tectlon | ock. 14. The
conput er - readabl e nmedi um of éﬁl% p said program code devices are
configured to cause a comput fRA Eé%@NGFE3Nwttlng aj unp- back point for a

conput er -r eadabl e medi um of cl ai § H
configured to cause a conputer taq

| ong j unp oper ati on. 57O PhAGRRBAME | %& | e medi um of cl ai m 14,
wherein said program code depMPQINTER AND red to cause a conputer
to execute determ ni ng whet URRENTUSTADK occurred. 16. The
conput er -readabl e nedi um of |PEINTERINSEAMELIN sai d program code devices are
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configured to cause a conputer to execute cleaning-up stack chunks

al | ocat ed above said first stack chunk that are not in use, and
returning said stack chunks above said first stack chunk that are not
in use to a nenory allocater, if it is determned that a | ong-j unp
occurred. 17. A conputer systemconfigured to allocate additional conputer
menory stack space for executing a conpiled function, which conpiled
function is located in a first conmput er menory stack chunk, said
conput er system conpri si ng:

-22- a) conputer nenory configured {o store at | east one conpiled
conputer function for execution, said conputer nenory being further
configured to b ranged into at | east one nenory stack space
havi ng at | east menory stack chunk; b) a stack checking function
generator that is effgctive to adapt said conpiled function to form
a stack checking function; c) a nenory nmanager that is effective to
execute said stack checking function and 540 determne if additional
menory is required to execute said conpi function. 18. The conputer
system of claim 17, wherein said ne ger is configured to

all ocate a second stack chunk if said nennry manager determ nes that

addi ti onal menory is required f{or ecutling said conpiled function.
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19..The:conputer system of claim 18, wherein said nenory nanager is adapted

to ° create a buffer franme in said nmenory stack space, said buffer frane
bei ng adapt ed to create a transparent boundary between said first
stack chunk and said second stack chunk. 20. The conputer system of
claim19, wherein said nenory nmanager is2adapted to cl ean-up stack

chunks all ocated above said first stack chunk that are not in use, and
return said stack chunks above said first stack chunk that are not in use

for re- Méthb® @Ad IAPRarakiis for DyhaRaly BlzONdMednt@ub@ Huhtii® Sescky!  ed.
ABSTRACT

A method, apparatus, and software for efficiently allocating discontiguous
stack space without requiring compiler changes are described. In one aspect, a
method is provided for executing a compiled function that is located in a first
computer memory stack chunk such that additional memory is allocated efficiently if
a determination is made that such additional memory is necessary for execution of
the compiled function. In one embodiment, the method includes calling a stack
checking function that includes the compiled function. A determination is made if
additional memory is required for executing the compiled function. If no additional
memory is required, then the compiled function is call_ed and executed. However, if
additional memory is necessary, then additional memory is allocated that is

discontiguous with the original memory stack.

{Figure 3)
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