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present invention relates generally to an inproved
data processing system and in particular, to a
nmet hod and apparatus for managing threads in a data
processing system Description of Related Art A thread
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User threads in a user space are run by Kkernel
threads in a_kernel. A kernel thread is also referred
DegFigtiop %45t ApFocessor”. In sone cases, a
one-to-one nodel is used in which each user thread
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used in which many user .threads are run on a few kernel threads for
increased performance. With this model, situations occur, such as
blocking on a mutex, in which a kernel thread is no longer needed to run a
particular user thread. A mutex is a locking mechanism involving the use
of a programming flag used to grab and release an object. When data is
acquired that cannot be shared or processing is started that cannot be
performed simultaneously elsewhere in the system, the mutex is set to
"jock, " which blocks other attempts to use it. The mutex is set to
"unlock" when the data is no longer needed or the routine is finished. If
no other user threads are currently runnable, this kernel thread will

detach itself from that particular user thread and enter a sleeping state.

Detachment of a kernel thread to enter a sleep state results in a

number of actions occurring. One action taken is that the kermel thread
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signals. Wien the kernel thread is needed again, this

thread will switch to the stack of the wuser thread

and set up several thread specific attributes, such as

signal nmasks. The present invention recognizes that
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sy i HaR0nReRkeRs from sl eeping, the kernel

The present invention provides a method, apparatus, and computer
instructions for managing threads. A kernel thread assoclated with a user
thread is detected as being unneeded by the user thread. The kernel
thread is semi-detached in which data for the thread does not change

stacks in response to the kernel thread being unneeded.

Preferably the kernel thread is placed on a semi-detached list and

in an unrunnable state concurrent with the user thread.

Preferably when the user thread awakens from sleeping, the kernel
thread is removed from the semi-detached list such that reattachment to

the user thread is unnecessary.



thread is renmoved fromthe sem -detached |ist such

that reattachnment to the user thread i s unnecessary.
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t hreads execute in a Al X operating system Preferably
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BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will now be described, by way of example only,
with reference to a preferred embodiment thereof, as illustrated in the

accompanying drawings, in which:

Figure 1 is a pictorial representation of a data processing system
in which the present invention may be implemented in accordance with a

preferred embodiment of the present inventiom;

Figure 2 is a block diagram of a data processing system in which the

present invention may be implemented;

Figure 3 is a diagram illustrating components used in handling

kernel threads;
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Figures 4A-4C are illustrations of data structures
waois@d/o2139n  sem -detached list; Figure 5 is a PCDGBREBN03497

of a known net hod used for 4andling blocking calls;

Figure 6 is a flowhart of a nmethod used for managi ng

idle threads; Figure 7 is a flowhart of a known

nmet hod used for waking a kernel thread; and Figure 8

is a,flowhar hod. used. f ' rnel
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Conput € can be inplemented using any suitable
the¥put er, such as an | BM eServer computer or
IntelliStation conputer, which are products of

pedYr8h NACRARTORULY RES SrMPE=RSSmobRiE@r at i on, | ocat ed
i n Arnonk, New York. Although the depicted

representation shows a conputer, other enbodiments of
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2d@0ohgl dnrexdepleesohan beoipuitéed ws b peasorednpeneicey 30, such
asirfor example, a joystick, touchpad, touch screen, trackball,
microphone, and the like. Computer 100 can be implemented using any
suitable computer, such-as an IBM eServer computer or IntelliStation
computer, which are products of International Business Machines
Corporation, located in Armonk, New York. Although the depicted
representation shows a computer, other embodiments of the present
invention may be implemented in other types of data processing systems,
such as a network computer. Computer 100 also preferably includes a
graphical user interface (GUI) that may be implemented by means of systems
software residing in computer readable media in’ operation within computer
100.

With reference now to Figure 2, a block diagram of a data processing
system is shown in which the present invention may be implemented. Data
processing system 200 is an example of a computer, such as computer 100 in
Figure 1, in which code or instructions implementing the processes of the

present invention may be located. Data processing system 200 employs a



Figure 1, in which code or instructions inplenenting
the processes of the present invention may be
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used in addition to or in place of the hardware depicted in Figure 2.
Also, the processes of the present invention may be applied to a

multiprocessor data processing system.

For example, da'ta processing system 200, if optionally configured as
a network computer, may not include SCSI host bus adapter 212, hard disk
drive 226, tape drive 228, and CD-ROM drive 230. In that case, the
computer, to be properly called a client computer, includes some type of
network communication interface, such as LAN adapter 210, modem 222, or

the like. As another example, data processing system 200 may be a
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data processing system 200, if optionally configured
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adapter 212, hard disk drive 226, tape drive 228, and

CD-ROM drive 230. In that case, the conputer, to be

properly called a client conputer, includes sone type

of network communication interface, such as LAN
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refBe1KerNehs thY eAtkc3d2, p 88 mantbir €ad 304 is being run by
kernel thread 314, and user thread 306 is being run

by kernel thread 316. Operations perforned for these
us eFususneaygs ugpe thread 300 is being run by kernel thread 312, user

thread 304 is being run by kernel thread 314, and user thread 306 is being
run by kernel thread 316. Operations performed for these user threads are
located in user thread stacks 320. Each user thread is assoclated with

one user thread stack. Kernel threads 312, 314, and 316 have data located
in user thread stacks 320. The particular stack in user thread stacks 320

is a stack associated with the user thread being run by the kernel thread.

Normally, if a kernel thread, such as kernel thread 312, is no
longer needed to run a user thread, such as user thread 300, kernel thread
312 will detach itself and enter a sleep state along with user thread 300.
Kernel threads in a sleep state are normally placed in detached list 322,
which is managed by Pthread library 324. ‘Pthread library 324 is a
dynamically loadable library, which is used in ATX. With a detachment



| ocated in user thread stacks 320. Each user thread is

associated with one user thread stack. Kernel threads
wW@14/08649 and 316 have data |ocated in user PCT/E8003/003497

stacks 320. The particular Btack in user thread stacks

320 is a stack associated with the user thread being
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slé&i;neeéiﬁd k&teh afcad di1eepnisitalss ikessakidhr each 3d2tHeS stack
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Th %"eﬁrfl £ QfRLE P it L e F He * ehr8atf 3féela&élge%dofpswﬁaeaﬁt&butes
wigt &bks groncgingnal sk keknst ¢hdeack 8thaldentirfdas 3821§ s being

avdili1aeed &nr&?mthgﬁtuaghﬁﬂre&ﬁt b&Z%ofmﬂ pEELOPS thread on detached
l:Ls ogg&lrtr egt lle \gl £1rs ser Pre [ ead 31050 Qn EQIJ_% %91@9(: L[l,l:lg %ter thread
st F RIS Falfht

ate,*Kernél "threa ai ns i nf ormat
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erne rea I'S_assocl ated, user thread
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inddIfvkérentvakhmned dﬂpﬁﬁﬂdhmg?thread library 324. Such a mechanism
is useful when waking up from a contested mutex, a condition variable, oxr
a signal because actions performed following these events often need to be

completed before the rest of the program may progress.

If a kernel thread in semi-detached list 328 is needed to run
another user thread at a later time, a performance penalty for the
remaining detachment may be avoided by detaching from the state of the
current user thread to the state of the new user thread without detaching
the kernel thread. For example, if kernel thread 312 is on semi-detached

1list 328 and another user thread, such as user thread 302, requires kernel



on the particular inplenentation. In this exanple,

this list is inplemented as a |linked kernel of thread
wa@eomoe1ses. | f user thread 300 wakes from a sSPEBEB2003/003497

state, kernel thread 312 W ll renove itself from

sem -detached |ist 328 and continue runni ng user

thread 300. This nechani sm provides a path in which

| ower latency is involved in making up a thread in
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moginotéer. user thread, such as user thread 302, requires
kernel WO 2004/ 027599 PCT/ GB2003/ 003497 8 thread 312 .
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1 mgd NG enStacky ol &legandtt e o8l gl MBRK 803 besiCRagdRdFigure
fromthe ones for user thread 300 to user thread 302.

3-As a result, a kernel thread only fully detaches when
a user thread associated with the kernel thread exits
or Qﬂdﬁgu@nﬁeq&laﬁhkéﬁ 1t e 1speddorsaicet aerheddrferent kernel
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thé&ilguked 13st] nFErguere hAry 2400 kdddes soinseryddg ang entry 402
inPQid8L ﬂo@.nt:@;.e 4Qbfv§1@:'hemesge;5cﬂ%lcer§ %6@1%1319’ FOlce@XANMPhsads, such

ntries. 400 a e used to point to the
asﬁf??% 1ﬁ%eﬁ%?ﬁg? nﬁ éﬂs Li st head marker 406

identifies the beginning of the linked list. Entry
400n604t ah NSigREEWB) UShep @h fir@at A8 uaad inedie list structure is

incorporated into the thread structures. In this example, list head
marker 430 points to the beginning or first thread, kernel thread 432.
Kernel thread 432 contains next pointer 434, which points to kernel thread
436. Kernel thread 432 also includes previous pointer 438, which points
to some previous kernel in the list. Kernel thread 436 contains previous
pointer 440, which points back to kernel thread 432. Next pointer 442 in
kernel thread 436 points to the next kernel thread in the list. This .

example is the preferred list structure in the illustrated examples.

In Figure 4C, array 450 is used to point to the different kermel
threads. List head marker 452 points to the beginning of array 450, which
contains pointers 454, 456, and 458. These pointers point to kernel

threads 460, 462, and 464, respectively. These examples are only provided



poi nter 410. Entry 402 contains previous pointer 412

and next pointer 414. These pointers are used to
w@eian215e9 a previ ous and next entry within theCT/GBR@®A/003497

list. Further, entry 400 irkludes pointer 416 and

entry 402 includes pointer 418 with these pointers

pointing to kernel threads, such as kernel threads

420 and 422. Next, in Figure 4B, the information. used

as 1rfllElhl:t atlgﬁs ‘F’l%rtt&hhljw% Isémll—ld \gz'i&)c{h%grﬁfs%dmélpﬁag %@e&@t@@d Other
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rndduzeask-is found, the -

Turning now to Figure 6, a flowchart of a method used for managing
idle threads is depicted in accordance with a preferred embodiment of the
present invention. The method illustrated in Figure 6 may be implemented

in a library, such as Pthread library 324 in Figure 3.

The method begins by detecting a potentially blocking call (step
600). This potentially blocking call is one that places the user level
thread into a waiting or sleeping state. A thread that is sleeping or
waiting is referred to as a “non-runnable” thread. The method then looks
for a new user thread to run (step 602). If a runnable user thread is
found, the method switches the kernel thread to the new user thread (step

604). The switching in step 604 may be accomplished through the use of a



kernel thread attaches to the new user thread (step

506). Step 506 involves overhead, such as copying
walai0a/02759m a kernel thread stack to the user PET/682003/003497

stack as well as setting upta signal mask. The new

user thread is run (step 508) and the nmethod ends

thereafter. Wth reference again to step 504, if there

are no runnabl e threads, the kernel thread is placed

us%}é%%ﬁ?gg}i ?h!all st %,Qng&ﬁ Igﬁe Qrtsilcgfi)r %ﬁﬁe%enéa?ttl%{% this

hereafter, sto ct. a
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netrdadeigel egheasatei-ng runnable (step 514). The user
thread is then run by the kernel thread (step 516) and
the nmethod ends thereafter. Turning now to Figure 6,
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then | ooks for a new user thread to run (step 602).
i f anénsanedd, eanseent Hreaskdcsed faadnokocehesdrestepd 610) . If the
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that AgsRagtdc Hltﬂff thddceRENtALEQN exidl Sr SWetEieNPadTlY need
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‘The user thre IS Tun ker nel
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stdiena nghtagaianstoiest ep s662s ilflunorarehnabfauwsed, bhgemdsg at
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sem - det ached sl eep (step, 60 this type of .
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which the kernel thread ig switched from the current user thread to the
new user thread may be employed. The user thread is then run by the
kernel thread (step 620) with the method ending thereafter.

With reference now to Figure 7, a flowchart of a known method used
for waking a kernel thread is depicted. The method illustrated in Figure
7 may be implemented in a library, such as Pthread library 324 in Figure
3. The method illustrated in this figure allows a thread to wait or sleep

until a user thread is detected as becoming runnable.

The method begins by checking a detached list for kernel threads
(step 700). If the detached list is not empty, a kernel thread is removed
from the detached list (step 702). The kernel thread is awakened (step



anot her user thread unl ess necessary. Thereafter, an

event is detected and processed (step 610). If the
W@®an27539 a user thread associated with the keP@EGB2003/003497

thread becom ng runnable, lthat user thread is run by

the kernel thread (step 612) and the nmethod ends

thereafter. Wth reference again to step 610, if the

user thread associated with the kernel thread exits
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(step 618). This step nmay include two operations,
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usBr ec%‘gerzrded enbodi nent of the present invention. The
nethod 11l ustrated in Fi gure 8 may be inplenmented in

a library, such as Pthread library 324 in Figure 3.
Thi $huet ibe gresent invention provides an improved methed, apparatus,

and computer instructions for handling idle kernel threads. The mechanism
of the present invention avoids the overhead currently involved with
detaching and subsequent reattaching of kernel threads. Further, the
mechanism of the present invention also avoids stack overflows that may
occur. These advantages are provided through the use of a semi-detachment
method. This method involves placing the kernel thread in a semi-detached
list and then putting the kernel thread into a sleep state. These steps
occur without requiring the steps that are normally required in detaching

a kernel thread from a user thread.

It is important to note that while the present invention has been
described in the context of a fully functioning data processing system,

those of ordinary skill in the art will appreciate that the processes of



initiated in a kernel thread that makes anot her kerne

thread runnabl e. The nethod begi ns by checking a
waledoaobmsgd | i st for a kernel thread (step 800)PCT/GBRGVS/003497

detached list is enpty, thd2nmethod checks a

sem -detached list for a kernel thread (step 802). If

the sem -detached list is enpty, the nethod ends.

O herwise, if the seni detached list is not enpty, a
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a kernel thread froma sem -detached |ist when waking
user threads. Thus, the present invention provides an
i nproved net hod, apparatus, and conputer instructions
for handling idle kernel threads. The nechani sm of
the present invention avoids the overhead currently
involved with detaching and subsequent reattachi ng of
kernel threads. Further, the nmechanism of the present
i nvention also avoi ds stack overflows that may occur.
These advantages are provided through the use of a
sem -detachnment nethod. This nethod invol ves placing
the kernel thread in a sem -detached |ist and then
putting the kernel thread into a sleep state. These
steps occur without requiring the steps that are
normal ly required in detaching a kernel thread froma
user thread. It is inportant to note that while the
present invention has been described in the context
of a fully functioning data processing system those
of ordinary skill in the art will appreciate that the
processes of WD 2004/ 027599 PCT/ GB2003/ 003497 12 the
present invention are capable of being distributed in
the formof a conputer readabl e nedi um of
instructions and a variety of forns and that



the present invention applies equally regardl ess of

the particular type of signal bearing nedia actually
w@ig@d/oemsIcarry out the distribution. Exanpl es BET/GB2003/003497

conmput er readabl e nedi a i ndBude recordabl e-type nedi a,

such as a floppy disk, a hard disk drive, a RAM

CD- ROV, DVD- ROMs, and transm ssion-type nedia, such

as digital and anal og communi cations links, wred or

Wi rel ess comruni cati ons qu&ilﬂéing transm ssi on

forms, such as, for exanplé&,  radio frequency and

i ght wave transm ssions. The conputer readable nedia
1.may at addot him hodanaobraedethd eyssis fohabnagimgdeordds, the
mefiMa c@gdalndise in a particul ar data processing

system WD 2004/ 027599 PCT/ GB2003/ 003497 13 CLAI M5

1. Anethod in a data processing systemfor nmanagi ng

t hr égeRctiptie kAptHoheFiprisoichyteddbt de i wifratkeefes being
unhdydeachyasseaisat ethrebé h aaduser thread as bei ng

unneeded by the user thread; and responsive to the

kernel thread bei ng unneeded,. sem -detaching th .

or RSP Ead® HoRE e AL e For U Re CIrEasy dsht dpgpohiny the
kegtrdnferesfackeren drhe fret Hejd thTead| dpeR TOF (ibPRE? stacks.

conprising: placing the kernel thread on a
2.sempdefacheds Lalinm andi-phaci-Bgtiendkernel thread in
an unrunnabl e state concurrent with the user thread.
3. The nmethod of claim2 further conprising:
r es ponEingethe kereelysereachee &d s faikidA bR e misTte epid
removi ng the kernel thread fromthe sem -detached
LT sty iher eld keeadit aghim@niy tQ tMenHsele stdvedshduSrent with the
unnecessary. 4. The nmethod of claim2 further

onprisi'ng: responsive to the user thread waking from
the sleep state, determ ning whether a second kerne
3.t hr ead nesho@todichBdm attherhéhapmprsemgs:det ached; and

responsive to the second kernel thread being detached,

S AGu0%, AECANS, KeLnel LDLRAS L A0S, UsBloring tae kernen
thyegdu ARdbItRe steit edqtacherk Lot a "hakR iR FRpt&pGRENG  tY the user
thséeps ngnstatsery6. A data processi ng system for

managi ng t hreads, the data processing

us

4. The method of claim 2 further comprising:

responsive to the user thread waking from the sleep state,
determining whether a second kernel thread is detached rather than

semi-detached; and

responsive to the second kernel thread being detached, attaching the
second kernel thread to the user thread.

5. The method of claim 2, wherein the unrunnable state is one of a

waiting state or a sleeping state.

6. A data processing system for managing threads, the data processing

system comprising:

detecting means for detecting a kernel thread associated with a user

thread as being unneeded by the user thread; and



system conpri sing: detecting nmeans for detecting a

kernel thread associated with a user thread as being
wanvemeiEed by t he user thread; and WO 2004/ 027586CT/GB2003/003497

PCT/ GB2003/ 003497 14 sem ddlet achi ng neans, responsive

to the kernel thread being unneeded, for

sem -detachi ng the kernel thread, wherein data for the

t hread does not change stacks. 7. The data processing

Sysggrmf %fet&}h%g‘ fah ﬁr tﬁ%%‘ﬁon%%? réos Eg@ kefr‘hélStthPéa?CiaQﬂaﬁr

mean aclng r nel
unpqeged, 4194 %ﬁﬂ&oﬂ?Fﬁ&héEﬁ ﬁBerﬁﬁiﬁ%lfWBFeiﬂ aH??ﬁflPh%§q%ef?$éFhe
thtdadedabsi noarrhamgashatidse state concurrent with the

user thread. 8. The data processing systemof claim?7

5 fur [ I he

T ool PEa P et sy PERRN| QLcTRATS o ERBCIEhA ks

kernel thread fromthe sem -detached Iist, wherein

r eafbathmbatingondane fmepladineaths Sexnﬁiec¥§§§ér®n aQsemfh@etached
1i 68t andgr ocessi ng system of claim7 further conprising:

determ ni ng neans, responsive to the user thread

waki ng fromthe sl ee state, for determ ni ng whethe

a s8RORd RETHES I%%?Féa% RlagdPadthedoTgt h@ffref‘%alﬁl an inrunnable
stagentonetraehe d;i tartdeattecachinrdgdneans, responsive to the

second kernel thread being detached, for attaching

the r h e Q.. The
®- Gt SE AR RO L ARG ) RS £ 10

unrunnabl e state is one of a waiting state or a

sl ecphavgngtmsees. IFesp@s¢vappt e oy ridvrept vdlicny ifprom sleep, for
refi @Ryt keadabliareamdirdf fiRf sefiRaagadigat hseadmerthe
re&%ﬁpfﬁ!ie%“c P Qgkaldyr phuch GO ﬂéc%'sQer} nstructions for

carrying out a nethod accor ng to any of clains 1 to

6.

9. The data processing system of claim 7 further comprising:

determining means, responsive to the user thread waking from the
sleep state, for determining whether a second kernel thread is detached

rather than semi-detached; and

attaching means, responsive to the second kernel thread being

detached, for attaching the second kernel thread to the user thread.

10. The data processing system of claim 7, wherein the unrunnable state

is one of a waiting state or a sleeping state.

11. A computer program product in a computer readable medium for
managing threads, the computer program product comprising instructions for

carrying out a method according to any of claims 1 to 6.



