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1 A system for managi ng i nternal execuﬁzﬁwﬂix qg?s.

Technical Field of the Invention. The pres ntifon generally
rel ates to execution mechanisms in a tel ecomunj g;on dat a
system Mor e particularly the invention rel ates nagi ng i nterna
5 execution threads in a process. 1 When i npl enenting an

obj ect-oriented tel ecormuni cation application, it is feasible to
divide it i i€ t esenting. the resglirces of the
system (lik EMENTS SonaeroreRe A g r Hl | ogic, carrying
out the application 10 control functions. The control logic further
benefits from bei ng divided into separate activities, |ike cal
control, bearer connection control, etc. The execution

envi r onnent the application is the rocess. By process is here
neant a runzi fl éh‘ﬁlhebf N N: i nt ended fgr a certa?npactivity, f or
exanpl g a tel ephony call. The process environnent is |ocated entirely

to a certain processor and consists of nenory (heap, stack) and

execution The ptdeht tigventioWVrelates to e fieldolof csolid-statd Naeiand i8r éoncedsé@cut ed
pseudo-concurrently. The process al so contains the object 20 nodel.

The thread patibhernewahidRipingradisess. for control logic. The execution
of a thr eadbi S dri%en by deE\E/bents generated by the obj ect nodel . Sever al
threads may be triggered by the sanme event which then will be

distributed in thread priority order. 25 The events are typically
generated as resgonses t o_ext ernal events, for exanple, a signalling
OF TH T

message recHi ION: The thread may nonitor

i ndi vi dual events from sone specific object, any event from sone

obj ectl0 an i ndi vi dual 30 event froma class of objects, or any event from
a class of objects. Athread naintains its own thread context, i.e.

fL?g ;ds. @ﬂﬂeﬁl}@%v%@g%p/p}ig%ogfs,e bioh & meskAi@P phRasinY, HonAlideal bPEEs etc.,

PCT/ SE95/ 01383 an efficient and reliable laser device having relatively high energy or power. In
such applications and the like, laser diode pumped Nd: YAG lasers are prominently
used.

15 Compared to the conventional flashlamps, laser diodes form efficient pumping
sources. Moreover, laser-diode pumps also possess the advantages of having lower heat
generation, longer utility lifetime and physical compactness. A variety of laser diodes,
including laser-diode arrays can be and have been used as pumping sources for solid-
state lasers.

20 For many laser applications, it is desirable to produce small size, low cost yet
high performance solid-state lasers. Therefore, the resonator/pump configuration is a
key feature of laser design and performance. Laser-diode pumped laser design
configurations have hitherto been categorized into two types, i.e. the end-and side-

pump methods.



2 The threads provide a powerful support for splitting

conplex activities into relatively independent sub-activities. The
logic in a thread executes either until it enters a state where it
needs an event to continue, or until it finishes its 5 execution. Wen a
thread enters a wait state or finishes its execution, other threads
are given the possibility to execute. This neans that all asynchronous
events are delivered to the control logic when it is ready to deal

withit. .The ohj ect del. i.s used as an .abstracti on of the real
10 objects nécUeg gﬂo“f“ég the Plﬁ%‘"ﬁe é’gpﬂpf"@if’fl&f ,a convep eﬁ&‘PmPeé

| SDN-subscriber's termnal, a connection, a subscriber, etc. The

obj ects of f &lids¥atoilases sysiem He shown im Fig. dgplthei ascompanying drawings) s suchoa
exanpl e a nethod "connect” offered by a connection obj ect. The objects

encapsul at esydting, thé panging layer ndRikioh fiont theildsedGiode O fortisddaand HeBvearbd fté s nmay
al so communi cate with the world out side the process by sending

nessages to VA 0

Deacr [ pt i on' ey e Fishifh Kthrough HRRSRAF op R UGS fpERERGR s and S I |
a coll.ection, of Lnstances. of agent cl asses, each agent .cl vi ng
M ond - Sk end pompta e BRRR? BHEH VO ch e AR togis deed hEB by "2
application programm ng interface which contains a master di spat cher
process nonMedeEplymeer imprpyise pumping sffieiency. Bloweven, end/ paroping sohemes limit

In US 5, 355,488 a nethod by which a task once set-up by an application
program i nt thefaamant of pushping esbrgythaticandbecused,ahersby limitirgf the powbicoflthé lasérs
conplete. Set-up tasks are naintained in a pool . A task manager, i

n
¢ ) ¢ . o bR Ak . he
boo " For BB (WetedsBis: 0 tle piiver deAAESthe bilnh rfbionf of BRTARPSRATY
is a correspondi . idle,task in the |, contr ass to.t
:apsjpl i cation %c(?ggqgo highy "B}dc{h?( gg%tpg% .ceé Sannlot be f%@df%"@@ gt.ﬁgrg}atl)g gets,

met hod for providing each thread 35 of execution of a multi-threading
di gi t d0 dat B fequEysTegipn have hegniaddiessedtinatoshp Yiamaguchi spiabs "Bfficient Wdset  of

-

initialization data that is required by procedures which are executed
in the YAG laki Byl Pudiipeld] by a 1 cm Aperture Laser-Diode Bar with a GRIN Lens Array
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Coupling”, IEEE. Journal of Quantum Electronics, Vol. 28, No. 4, April, 1992, P.

1101-1105); and 2. owing to high power or energy densities, laser damage in the laser

gain medium is easily caused by the focused pump laser (see Sheldon B. Hutchison et

15 al, "Advances of 3-10 Watt Average Power Diode Pumped Laser", SPIE Vol
1865(1993), P.16-72).

A diagram showing the principle of operation of a side pump scheme with

coupling optics is shown in Fig. 2A (see Hans Bruesselbach et al, "69-W-average Yb:

YAG laser", Optics Letters, Vol. 21, No. 7, April 1, 1996, P.480-482) where the same

20 reference numerals are used as for Fig 1. In such laser-diode pump, the pumping laser

radiation from the laser diode 1 is coupled into the laser medium 2 by the coupling

optics 3 in a direction perpendicular to the axis of the laser medium 2.



context of nore than one of the threads. US 5, 319, 782 di scl oses
synchroni zi ng the dispatching of tasks froma first multitasking
operating systemw th threads of function calls opportunistically

di spatched froma second 5 mul titasking operating system The second
operating system includes a set of callable resources. A task becones
bound to a thread for the durationgf that thread's ownership of a
cal |l abl e resource fromthe second operating system In US

5, 305, 455 a data,pt.ocessi ng system.i s, operahle. in a_10 nul titasking node
to include at | eés(ilre ﬁ%%?@@@%éhw ﬁbo‘gn malplg'%# (Fes Frank WS?%FEajdgia’%"
Exception managenent is done on a per t hread basis, as opposed to a
per processdiodeiside pumping of neadymiyns losen reds’, LApwlied iQniicki Hgl. offerMa.i hgl
systempermts application prograns to influence a schedul e of

execut i on ofarklary, I98809PaB083r hdsjenei ally "Bfictart dibde-ldder sidppumped TEMO0OQr ams
by speci fying paraneters for the programthreads. The paraneters

| ndi cate eaghkINEIUC 1EHOOghits LENGS, P17 RRAYL Ddcefier 19) 1997, Prash the
t hread resides. 20 umrary. en desi gning [‘arge

real -ti S e systens,. for exanpl e; sof twar.e control]ing,.a

tel ephgg‘; ezﬁﬁﬁﬁ,s“g‘hia%?ﬂeﬁ%ﬁ’f‘mp’ the W&ﬁﬁ%;ﬁs?vag’f%t’{’ﬂ o, H1e %ﬁ"’t"i digde Lni ch
stems fromthe real-tine . events that the exchange nust handle, often
tends to naR@its Hao the lases mediume dirgetdy. t Hftow entesing thel lasen medive i thepumping .

One object of the invention is to provide a framewrk and a mechani sm
for struct ulasergradiatibn $iof therlaser dicgle iagant beahultiveflected by aatflédtive flimh@uitour of
the application will be easier to handl e, thereby decreasing the

conpl exity e fa8& AREANRME for3fcreadiBl thE r%ﬁn[pgx? iﬁgér 8)5‘:]‘?6&&1 YRARNEL aRd and

mai nt ai n. In a system accordi ion for mandgi ng
i nternal ex I hreads in_a.process,, the execution thread re
driven by p %@%@Qﬁ?{%’ﬁ%ﬁ%’%ﬁﬂ‘%&% node ,anﬁﬁi'ecn“‘al? golume arﬁé’ﬂg'fl%lg‘é%i 1§§
event ener%ti ng functions in response to occurred 35 _ internal or,
ext er i nEiedligt 4B amqpgement as dhe By fpesof dasge diode pumping suhemes idgscaibed o
event receiving threads having priority. The distribution is
control | ed bseviouskhweth refiaxentieitoFigsuhand 24. based WD 96/ 18148
PCT/ SE95/ 01480 4 upon
di stribution cat gptelaBsvddestibed BN burlfing seHehids ! i '

nt. recet vi &D% ¢ ] glﬂﬂﬁéﬁ Higher ?urﬁlg?ggﬁe such

performed only to event receiving threads which have

| nternal Measagas: A EASRRMNS ML sl nlddifum, the oSREHHENRE ARIGR) FO"

each distri Ion category there ar

between the pumping volume and the laser TEMO00 mode is poor. Thus, such schemes

15 do not provide mode matching and are therefore inefficient.
There exists another scheme, shown in Fig. 2C, which was proposed by H.
Zbinden et al. ("Diode-pumped Nd: YAG laser with parabolic pump cavity”, OSA
Proceedings on Advanced Solid-State Lasers, 1993, Vol. 15, P.32-35), whereby a
focusing reflector is designed to increase the optical coupling efficiency between the
20 pump volume and the laser TEM00 mode. In this system the pumping laser radiation
from the laser diodes 10 and 11 is first reflected by the mirror arrays 12 and 13 to be
parallel and then is focused by the spherical reflective surface 14 onto the laser medium

15, and the portion of the pumping laser radiation that is not absorbed in a first pass



5 actors anong which can be nentioned: a nunber of event

recei ving threads; a nunber of first entities which represent one or
nore nonitorings for one event generating function to sonme event
receiving thread; a nunber of second entities which represent a
nmonitoring for event generating functions of the 10 distribution
category, each second entity having a ligt of all first entities

whi ch have nonitored an event receiving thread; one third entity

whi ch keeps track.of all event rgecepvin t.hr.eads that ve itored
the distr1 bHEPEER (e a5 mediym foafsaeiiccted at he parghic Gefleqtive Suas 10T 1 s
a nunber of event generating 15 functions which each keeps a |ist of the
first entitpeeond pass. HowevembiSefoamsénareﬂamemangemmbiStmpng'n@mﬁlieewdén of
t he above structure appearing fromclains 2-5. Each first
entity keepdesigmaidbiulky intsize bet aisoaeiuifes highet fabeication coktnct i on and
information regarding the priority of the event 20 recei ving thread.
Each second entity is pointed to by one or nore of the first entities,
and keeps a pointer to an event receivVving thread for forwarding

Ay e e -
distri .!L:-_vl_i-_*}__;” ML THE,INVE A.i,! .I {ﬂrggélsfy s list of E;r:]ﬁ

second “ent i 5o S ;

event generating function keeps a pointer to the . event handling
function for forweeerdimglit iatherprincipal object of thepresané invgntiemtoseysoesne or at
enbodi nents appear fromcl ai ns 6-28. 30 Brief Description of the
Drawi ngs. least substanfldlly jedweenthe @bovénhéntionsd probitascsf the dofivémtionhlogasl- undel ow

with reference to the drawi ngs, in which Figure 1 is a view
iIIustratingidgz,@ﬁg,;d &hed hr eads, Figure 2 is a state transition
di agram for the e ecgﬁdtalhon_eSS of threads, Figure 3 is a view

Iv\lol SZ; igahgg a dlA%gc())r r}legCEol e PleSent mvention in its l;[rg@qtl C;)g%uggt} 81 !gq%npucﬁ'ligig’g

Fi gures 4-7 show synbol s used in_a graphi cal progranm ng | anguage used
for iddntifgenitgurationds prapesedahigh sgmbines the adyenteges of botletherfnd and the side
Figure 8 illustrates indirect communi cation between 5 t hreads vi a obj ect
net hod cal | pumpihgeschainss, ie a pumping Eorfigueatidni Whersby at portidhr&fCthe pumping
conmruni cati on between threads via events, Figure 10 in a

view using gxdhphis defiverdtt aBiafy i athe laser medium so that the pump volume can be

matched to the desired TEM00 mode volume so as to optimize pumping efficiency, and
a portion of the pumping energy is delivered laterally so as to allow more energy to be

15 delivered into the laser medium without giving rise to laser damage of the laser
medium.

Hereinafter described is an exemplary embodiment of the present invention
which employs a configuration whereby the laser medium is housed within a semi-
cylindrical casing. The pumping laser source, which can either be a laser diode or a

20 laser-diode array, is positioned at the back end of the casing. The inner wall of the
casing is reflective to reflect light from the pumping source and deliver the reflected
light into the laser medium to increase the pumping efficiency. Also, the pumping laser

source is positioned so as to optimize the pumping efficiency and is not necessarily



| anguage illustrates buffering events in a | ocal event queue 10 during

t he prosecution of a process, Figure 11 is a conventional view
illustrating the sanme situation as Fig. 10 but showi ng the process
with its included el enents and nessages, Figure 12 is a view
showi ng the central data structure of 15 an event mechani sm on which the

I nvention is based, Figures 1% 18 show the data structure of

obj ect cl asses used in the vieM/of Fig. 12 and Figures 19

Evbodt mant s avidy aligned v 1oy rrbeﬂﬁm HbﬂDEfﬁia o R fishnL or xample, the

t el ecommuni cati on appllcatlon |sfeaS|bIeto divide it into an
obj ect nodepumping lasepgnusessis ppﬁgomqqlenff-e@wc@ telatbe to the leses mediym teptihizenel s,
t one senders, etc.) and control logic, carrying out the application 25

control f uﬂmtdpﬁnﬂ.couﬂ]ﬁﬁg Srpuimping ¢ffigieficy. L[Uiihlgﬂuch%hﬁgﬁratiéﬁ,wportion oftie ng
divided into separate activities, like call control, bearer connecti on

control, S’; gtérgglsng energy fallS®n GHEC&Hd! SOthe AR HRHTRAL aﬁd)fh Rt 6PHle mm"E' i s

t he process I's here nmeant a run-tinme environ U

I nt end for a certain ti,Vi ephan al.l . .The
process env Frr‘e&gphbsncie vafea 39, g{eelageé mq%f‘lﬂ‘ ;iat{;l]éh% by é?tf PE“ ofn ﬁ’ﬁr‘%“é§ E%‘f“’t’é(ﬁ d
consi sts of rrem) (heap, st ack) and execution ability W thin t he
process éze caping. Incthiscanngr, e Gleptswﬂmhm)mmlndty@eﬂrﬂ@ BPiMbess

al so cont a| ns the obj ect 35 nodel . The thread is the execution

resource folaseranddoind thgipamp volumd ban bx obtuined Nisinf adasdn pamg dfhigher eBerghy
events generated by the WO 96/ 18148

PCT/ SE95/ 0148@out causing laser damage to th d of thl h.&Cy,
Several threads may b egtrl ggeregg lg)y tehgmsl%lng end o evenatser |c t'hen d\?\inog

distributed_jn threa r|or|t The events are,

gener at ed aB“‘PBE‘S&R&ﬂ 601}3%1%}?%%{?3&“ be f%ﬂ%ﬁ‘?@’ as aSgpi- §§gﬁ#égtg};\p'§ﬁﬂhﬁl l'i ng
nessage received by the 5 process. The thread may nonitor

i ndi vilQual tegBRgYe.f r om some speci fic object, any event from sone

obj ect, an individual event froma class of objects, or any event from
a class of Gb¢ ae¢dsfor A fobusingl lemmito fadus she pemping radiatianl ofitonthe pumped €.
stack 10 and processor registers, but shares heap with all other

threads.  end of the [A® rhéi®A%an WeQinfiRated BY W¥ricdting 4 RN Aturt ¥n 0 pubrdpedd

end of the laser medium and coating it to be totally reflective for the laser radiation
generated within said laser medium. Furthermore, whilst the described embodiment
15 provides for efficient mode-matched pumping by housing the laser medium inside a
semi-cylindrical casing whose inner wall constitutes a reflector, other shaped casings

such as cylindrical or another geometrical shape could possibly be used.
The SES pumping technique of the present invention combines the advantages
of both the conventional end pumping and side pumping schemes, namely good
20 geometric matching between the laser mode and the pump volume, and high pumping
efficiency. The present invention thereby allows the use of pumping lasers of higher
power or energy which in turn yield higher laser output energy or power without

causing laser damage to the gain medium. In short, the present invention provides a



conplex activities into relatively independent sub-activities. The
logic in a thread executes either until it enters a state 15 where it
needs an event to continue, or until it finishes its execution. Wen
a thread enters a wait state or finishes its execution, other threads
are given the possibility to execute. This means that all asynchronous
events are delivered to the control. logic when it is ready to deal
withit. 20 The object nodel is used as an abstraction of the real
obj ects necess for t he, . applicatjon, i ke ap. .

SO subs cr P5aRs & qonstctiag lassr-giods piped;solid-Site é%‘FISHE?t, arg gfficient, lovgggt

obj ects offer services to the control |ogic via nethod calls, for
exanpl e a neothpatt andhighpovenf f ered by a connection 25 obj ect. The objects
encapsul ate data, thereby maintaining their own state. The objects may

al so comuni cat eThé tadbovd)@nidthét featuresObt Hedprekdi® iRVAHRRDASarlYset T0Mh N the
messages to and recei Vi ng messages from ot her processes.

It
will here b . ¥} '
desi gned t o RRS PO RouBiRP B odvfbeds RLE Wil Seckhye nBEEL B0 lose ,
particuyl ar graphical. progr.amj | anguage having . primati|y
gr aphi gal sg?ﬁs %??8 OQPBWSS’Q?FW&?BBJC%:‘E the follewing ‘g“é?‘ilegl ieécrﬁgmﬂr‘?ftth%n to
conformto these semanti cs. As an exanple of that stated above
t hus far, Fprgferted3mbodithénidn cerjunctian pvithathe acchfPatging drpvtings. t hr eads 104 and
106 whi ch act as execution resources for a respective control |ogic.
The execution of the threads 104 and 106 is driven by events 108
WD 96/ 18148 PCT/ SE95/ 01480

7 and " Ve bject logic in the process

and adm ni s ESERIP iwoy‘gwnd 114 bel ongi ng to the
respective threads 104 and 106. The procesg is started by a nessage
116 being recei vglf' iﬁﬁ%?a'?ééég@%rﬁa%w&&c‘ﬂ‘@m epd BWF‘H‘FFY%W@EBS
process, not shown. The access agent object 118 will as a consequence
gener atle t he evekig. 2agillubirases aisthematic diagrandioftardonmensivnabsidé pumped Systenn
start execution of this thread. The executing control |ogic of the
thread 104 peployingcoaphimd 6iids; call 120 towards an object 122, which as
a consequence wll 10 generate the event 110 which will be distributed to

the thread %%@ ks Sﬁtﬁgéiﬁdtﬁ”di%ﬁgg&fg? tcgﬁ\?eﬁﬂ%arl direct side gohhgmgi_ig- 2

a state transitio Iagramtor e exec

Start and end states are not shown, but wll appear fromthe

fol | owi ng. B A new thread, when created, will not start executing

i mredi ately, but will await, in a "waiting for start event state" 202,

a start event t hig i2C iljustratesos schematic slidgram af a conventional side pumped system

15 employing focusing reflectors;
Figs. 3A and 3B illustrate a basic schematic diagram of an embodiment of the
present invention in cross-sectional and end elevation views respectfully.
Figs. 4A-F illustrate cross-sectional views of the pumping radiation distribution
at different longitudinal positions of an SES pumped laser rod; and

20 Fig. 5 illustrates a SES-pumped free lasing laser, such as a YAG laser.



reception of the start event indicated by arrow 204, the execution of
the thread starts, indicated by state "executing" 20 206. When executi ng,
the thread may enter a wait state, waiting for sone event(s) to occur.
Actually, if the thread will enter wait-state depends on whet her the
awai ted event has already occurred or not. If it has al ready occurred,
the thread will continue executing, 25 5 although it will enter, indicated
by arrow 208, a state "executing-w th-buffered" 210, while waiting
for the occurred event, indicated by arrow 212. O herwise, i.e. if the
event has not occurred yet, one of two wait states 218 or 220 is

ent er ed. The state 214 "waiting for event" is used for waiting for an
30 indivi wmm@aﬁﬂmmmor event" and
"receiving awai ted event" are indicated at 216 and 218, respectively.

The state 216 " whleteinuftef alesatbyed ey et éxémplaryeembadiment of Waé tihveatibe rwiioly
event. Transition arrows for "wait for any event" and "receiving

avai t ed evepimpides al Sggaga&eﬂs&tpu&&,g? %gf[i lﬁr dio%ﬁ ‘ebr arlﬁ‘s%f’-gfofdé ‘éngg% a{u}_ E]%viggas on

for having two wait-states iIs en t threa

th ? ][ Ea(ragn? 92%1 &Bﬁ@.}r@a h%ﬁgi?tprovidingogffe%@ﬁog%fp lrggg)g%\l/g%g}' ’enetrg)('a o} gcr)v%grdfrggletﬁe
PCT/ SE95/ 01480 . ] o 8 _ matching the
event agai nipserrdieds tocthe laseramediyme Jehe ansbogiment wilizes a lasgyrmediymee.gna YAGe

event will always "match", otherw se, a search through the | ocal event
queue nust toel, witheond of ithends fabricated withhaicafvaturd evhidh Redsesid podioardf the
executing again, entering the 5 "executing" state 206. When in

the state 23@mpingGiRs YhditGonirbh M funipitl lased Sfirce i il Tt Or
sonme event %o Ic))cc‘(:;ur. | f 1t he event rgaslﬂgg asgﬁ[rea%fymg)%t(t:ﬁt}pr%g% l?i?%lulﬂg %nd in
the local e u t he xecution cantijnues i di,ately in.the
sane state, X%Pf&%{r%w%g@;% Hlet fecup h%@ﬁdorer‘llpgf’% Bn eofo?wnge t B¢ RUNPIBE 4 or
216. There is nq end-state in Figure 2, but end is reached when
the mdn f ufRnfigyration, andeitiisceaied pe that isalsorasts eme refleqtors fon dhe bser radiation
return, the thread nust be executing, so it is possible to make t he
transition genetdted evithimtthe daser mmeddirh heThisesodidestate Jiset embodlyiigethdOpresdnt f r om
"executing-w th-buffered" state 212. Events nust not be del eted
until ever yinveiiesie sh@liZed 'geamletric mafdfithg! BGREUE the

opportunity to deal f)V\,i th g? ¢ m‘all'he grobl em toé gg’tﬁ@rbmhﬁ,ge\?ﬁgn&l?ﬁ?%mp
situation hgs. IS, i sol ved by cooperation between the Event and
Thread bl ocﬁe??oq’lqﬁ él‘oﬁigerg@er%%lby u?‘flglag °P%B’%9€tm’fa‘. i 8@?‘8@@? lpfeE St ¢ o
havi ng been distributed to all_interested threads, but since a thread
not al ways ﬁe%i’lgm%“i agrans OF AtSESrawap medule solishstatedassr iearbodyimgdhe es

15 present invention is shown in Fig. 3. A pumping laser source 31, which can be one or

-

more separate laser diodes or a laser-diode array comprising a plurality of laser diodes
or even a plurality of such arrays, emits pumping radiation 37 into the SES-pump
module which consists of a semi-cylindrical reflector 36, a front cover 35 and a back
cover 38. The laser medium 33 is affixed to and held in place by the front cover 35 of
20 the SES-pump module by adhesive 34 or by means of a gasket ring formed of rubber or
indium for example. In this particular embodiment, as shown in Fig. 3A, the laser
medium 33 is positioned 3.5 mm above the laser source 31 in the direction

perpendicular to the axis of the laser medium 33, and 5 mm away from the laser source



have to be taken to prevent the event from being del eted directly
after distribution. Such situations occur when a 25 thread receives an
event which it is not currently waiting for. It is only after having
waited for it and processed it that the event can be del eted.

A reference counter is used to keep track of how many references to
the event that exist. Wen the counter s 30 decrenented to O the event
will delete itself. The counter wl| be increnented when a received

event is buftered wthin,a . thread. d decrenment ed n_t.he. t hrread has
waited for gi The 6%41?{%? éﬁ%%%“g?fwg?@&%mamﬂ%%%%@qﬁ fagicgied @ es
VWhen the thread dies all buffered events' reference counters nmust be
35  decr enBfOBYEX strughure 32 wliel a¢tp e @rlensofor feeusing the [pumping tadigtion falling
connection with a nore detail ed description of the event bl ock | at er
on. onto\ifie @Gfvh8ikd @rea 32 into the laser medium 33. The other end 39 of the laser

PCT/ SE95/ 01480 9 As regards
obj ect i nt exRARINPR3 fshRadd &ﬁ@ﬂn&'iﬁga@@%%’s anti-reﬂeﬁﬁ‘ré ?«5&' e B?érv‘faaﬁﬁgt)i(‘ﬁe

execution thread-contexts, viz. current thread-context an

thread's own_t hread-context. .. n the.thread recejves an evenj, which
it is Waiti ﬁ%“?%?‘?g}’ i aset miedipm éﬁ%ﬁé‘&’&%&ﬂ?gﬁ cpated 30, Bnitohsa EEtlefor o 1 o
the thread's own t hread-context is made. Wien the thread wants to wait
f or anferBatlasesadintions generatedy by Hhe |laren mesivam t33g betuanti-reflectivet forethels

are given the opportunity to execute. A switch to the thread's
own t hr ead- pumpingtlases radidtipn 3adiwnd the puntpinp laserev@oé 31t hat the thread is
waiting for, is received. Therefore a special procedure is perforned

to start a threath accordanéd with thefpref¥nf A ehRitS grﬂdﬁicﬁf ofSthé ?gh’l@l ﬁ@l"{%’cﬂggg? ng of

a speci al start event. Then a corresponding event reate

post ed. . e thread wal l. yeceive the_eve treating.it like any
15  nor mal fsyflo‘ra’ﬁesgép&@he % {]ﬁae,nd?r%d)f?%%%’% if&“éﬁ‘?‘? 333“&&}16 oR ﬁeﬁbs?qt?g‘!l ll(’y
thread is waiting for, thereby starting the execution of the t hr ead.
Event st0ar emﬁ?éésqfdn%mdﬁ%aﬁe frepb of e pumping gadiatione 3@ fronp yhe pumpingflaseni ng
all interested threads as soon as an internal or 20 external incident
occurs in asaperBi iixapsodseslsy thexlasepmadimh 33 throuphcifs sideisteides afitef having

di sconnection of a call (external) and tine- out (internal). In other

vords, the BuBNeAEHarsy @8 imiepRANY of the SES-BEABAMUAE.f or commni cating
within a process. Events initiate the execution of threads. An

O 0 2, AP FREF S ISPOAE R Rl SR GD

laser medium 33, simulated by using ray tracing, are shown in Figs. 4(A)-(F), which

15 correspond to locations spaced 5Smm, 10mm, 15mm, 20mm, 25mm and 30mm from the
emitting surface of the pumping laser source 31, respectively. These Figures show that
the laser power is mainly concentrated in the middle of the laser medium.

A SES-pumped free lasing solid-state laser based on the present invention is
shown in Fig. 5. The laser light generated by the laser medium 33 is coupled by an

20 output mirror 41 of the laser cavity to provide an output laser beam 42. By inserting a
Q-switch between the output mirror 41 and the laser medium 33, the free lasing laser

can be further developed into a Q-switched laser.



event. Because of the event function, it is possible to construct

obj ect logic and control |ogic independently. An event consists of a
nane, sender and associ ated data carrying 30 information fromthe
generator to the thread, and exists only Wi t hin processes.

Events are generated by objects in a process, normally as a result of
a recei ved nessage, e.g. a nessage that subscri ber has put the hook
on. 35 The specification of event's nay be perforned by neans of

t he graphi cal | anpgu and .a desi,gn | uage i n combi nati on. The
control logic i S%H%S% Hﬂ%?céﬁlﬁ?‘? 8?&‘%5115&9% jnygntigp combines the agygnages 8143
PCT/ SE95/ 01480 . ) ] 10 flowscripts
of the grappftglend padside gumpingtsolid-statelasdyjsehemees, i.e. efficent geometricatcliipg ct

| ogic can be specified by an OBJECT TYPE OR CLASS specification in a

desi gn | angbetgeen the laser TEMOBvode aaddhd pamp amliné) fco@plirghaffiRfcney ioFi NY
features as 5 foll ows: - An event is distributed to al

pr ocess endr aRPrg Tedistion WT3 e BAipkdipny b BIRY 13 RER BT Tl Yr s,
uhi ch 510 PWEEE cE ool T et AGade @ e e et Tha Srilalobe s

interested in these particular events then they are thrown away.
These i ndi céesighandoimplementatinn des¢ribed abhve ane desrelygllestrative of thednvention mgd of
events, nust be made explicitly in the flow. - When an event is

di stri but edittiptoabe tmdessiood/thaicVarioas cHmgesimniuc dedils hfayiodEiarte Those RkillRl Sn
specific event, the thread m ght not yet be ready to deal with it.

This can be i ' ] L t-.spate
for this evte%{r‘;{lﬁ't oﬁﬁﬁ@ut Jep?rugﬁﬁlg(rﬁ*% %?E%EP?IS? qggee%@%liarrslgg?ﬁb?ﬂi‘t 1?112&’1 %D\Qﬁgérﬁdga The
event is .fthen put in a queue, belonging to the thread, cf. the |ocal
20 event a és 112 and 114 in Fig. 1. Wen the thread is prepared

to take care of the event, it fetches the event fromthe | oca

event - queue. The execution will then continue until a new event
i's needed to decide how to proceed. This event could be another 25
external event or an internal event like a tinmeout, cf. the events 108
and 110 in Fig. 1. - Broadcast/Active reception. From an event
gener at or poi nt of view an event cannot be directed to a specific
recipient. Al events generated are distributed to all threads 30 whi ch
have nonitored the event, including the sending thread. The concept
inplies that entities generating the events are unaware of entities
interested in the events. The receiver



deci des when to wait and what to wait for ("active reception") -
The execution is perforned in pseudo-parallel. Threads 35 execute in
pseudo-parallel, that is, one at a tine. Every execution in a thread

sarts s the reepton of an st that’ | fne Egiigdllllllli’ﬂllﬂ TR (R

PCT/ SE95/ 01480 10 “wi tholt bei'ng
disturbed until it settles itself to walt again or finishes its
execution. éﬁﬂéﬁig stage anot her thread can execute, triggered by that
event or an That just described can e.g. be true for the threads
104 and 106 in Fig. Events are distributed to the threads
in the ordel- thek dlode-punep@ gobidtstate lapes\wehezein the arraagementds suphdhahaepartiomy be
di stributed to nore than one thread, the threads have a priority

i ndi cati ng ofthe ptdnpingiradiaﬁdnuisidehvaé@lﬁroﬂerenawan alongate solid-tthtedastr rdivad So 10
prevent further distribution of a received event, preventing t hr eads
of | ower pr For a thread to be
able tor ec%ﬁ/éeﬁ%{r}llwé\?sreanéth%ﬁﬁ\{é QE Lg?csé/%%ag%r neli%l}]mm tly have nonitored
the event before it is posted. By nonitoring, the thread declares its
interest in sone event 15 (or events) fromsone object (or objects).

The nDnltorlng causes the event (or events) to be distributed to the
thread in 2. qlbsidsenof rlpim Hewhersin: spid oge iend whdke krseromedivfreisefoemed ite

post ed. The thread may al so renove an al ready made nonitoring, thereby
preventing faositate dnd enfryrof pumping)lasen ragistiohiino shid 1iser imediunhe 20  di stri buted
to the thread. Fig. 3 illustrates a Disconnection executed within
a process 302. The disconnection is started by a di sconnect

message 304 from an access process, not shown. Object |ogic of an

v ead 510 P vk el ECORREEE B Ao ool mdtERia Fomediifhg

This | ogic starts, indicated by arrow 312, a timng function by
requeddi ng EONVER SHYARES. 314 of a ti mer obj ect to be created.

The execution of the control |logic of the thread 310 then 30 cones to a
stop waiting for a new event which could be either a timeout or

anot her nmessage fromthe outside world. In the exanpl e a ti meout

nmessage 3164] s I gaeilaedoONail'. dr@%@x‘éﬁl §Js6at1ng is 9h&d o S orR ehl

event to the thread 310 that will again start up the executl on of the
function | ogi 3 .esultin di scopnect MBSSe s 318
and 320t o e Brail shif'Bathng §?§g YefleeliTedn bR o St ORI e
respectively. The event, handling pnechanismoffers the foll ow ng
said laser medium and transmissive in respect of the pumping radiation.
15

S. The laser of any preceding claim wherein the laser pumping source is a laser

diode or a plurality of separate laser diodes.

6. The laser of any of claims 1 to 4 wherein the laser pumping source is a laser-

20 diode array or a plurality of separate laser-diode arrays.
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12 servi ces. - Posting event. (bjects which are defined as
event generating are able to send generated events m u “Iﬁmrmﬂe
appears when an event is created as a consequence of annm “ H:

external incident, for instance a hook-on froma subscfi ber br % hé

rel ease of a tine-supervision. 1- Monitoring events. An
event-receiving thread may announce interest in certain events which
it wishes tg recgjve. The interest in either gne specific event, or in
al | possi bl & 10 Tht HROLARYRERUiPERJA SRpINNE § RRUREIOPRING 3 aser PymiBing
specific subscription order. Wen/if the event is generated and sent
away, it w boureg nyithe respecthte said daser ngeditme dotermali sudfacdsi of) said casing beiag
event. - Cancelling nonitorings of events. A thread that is no 15
| onger i nt erdfltiek With 883pedt @theGath atibh.S monitoring of it. -
Preventing further distribution of an event. A thread may prevent an
event frombeing further distributed after reception. By "killing" the
event, the threads which have not yet received the event will never be
able tq do go. 2 ach n of . these services ,wll he described
nor e 3 taor ough? JaseR, °Fﬁ1§"¥1 PagieHythe laser pumpingrsoureesis sg, pesjtiened with s
that a generated event is sent to a central object, the event handl er,
which wi || ®ispeatiipthedaser medium irosaichcasingsased optimizedtbe pampingfficiendy efthti er
events are 25 generated as a result of external or internal incidents. The
ext ernal i ntiselanédivdrty thy pupingsowire@orted to the process as nessages
which in turn are transforned to events by event generators within the
process. Wen the events later are distributed it is done in the sane
order as they were posted. 30 Syntax of the graphical progranm ng

| anguage fop postin evepts e.. include a.s | for_ posting an
event of thg " Thehser of AT 7107 & Gersinap pojag i iatisel win o 20
moni t or ed the event will receive it. As shown the synbol includes the
name o0 t hebeskands lasating,le lassympdinm andithe laseraumping stairce raspecteely.al so be
posted with the event as will appear from further expl anati on

following |ater. The synbol has an exit w thout a result val ue and
points directly to the next node to be

10.  The laser of claim 7 or 8 wherein the casing is cylindrical with front and back

ends locating the laser medium and the laser pumping source respectively.

15 11.  The laser of claim 7 or 8 wherein the casing is non-cylindrical with front and

back ends locating the laser medium and the laser pumping source respectively.

12, The laser of claim 9 or 10 or 11 wherein one or other on both of the front and
back end surfaces is/are flat.

20

13.  The laser of any of claims 9 to 12 wherein the laser medium is affixed to and

held in place by the front cover of the casing by means of adhesive and/or by means of
a gasket ring.
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13 execut ed. From the point of view of semantics, the
execut ed thread may e.g. generate the event "EventNa Thi s event,
with its i ncluded data, will be posted to all thr eadmzu, MH;",H"," I
As 5 earlier stated, the event cannot be posted to a s ,"
t hr ead. Al'l threads which are; %nterested in specific event™s
specify their interests by orderlng nonitoring of these events, |.
announci ng an event receiver's interest in a certain 10 event.

Monitoring is done by creating a nonitor object cont ai ni ng data
that identifies an event uniquel I n ot her words, nonitor objects
announce i niér esiThe fasencfiplaimol3 whereinfthegasket ringdy gade ofudbeter s.  Synt ax i n

t he graphical programm ng | anguage may e.g. specify start nonitoring
event by the synbol shown in 15 Fig. 5, being a rhonb having an upright
bl ack flag. There is al ways at | east one sender and one event

speci fied wishi nThBiger ofclalﬁlyﬁb\%eremﬂl'ne gasketd‘ugqgﬂ)aﬁ% l.lt.rffv0 symbol s shown

in Figures 4 and 5, respec- esCrT bad aove wi |l have only
one output arrow 20 pointing to a next node to be executed and no result
val ue | be attached to the arrow. There are four

di fferent p055| bilities of specifying "Start to nonitor an event"
dependi ng oh64 he The daser obanyenreerding claim wheteinothetlaseh eedivm isinctlic fomh pfie
nunber of different senders 25 fromwhich the events origin. These
possibilitiesl.are: - Monitoring of one event froma certain
sender. - Monitoring of any event froma certain sender.

- Monitoring of one event froma class of senders. - Monitoring
of any event froma class of senders. 30 From t he point of view of
semantics it,shoul d, be ed t.h when he S for start of

noni t ori ng t‘Z £ fasef ‘?r}r?l:tlaém 16Whefr?183\ﬁ ¢ lasgr m %%rqdhe speci fi ed
events will be d| stributed to this flow vvhenever t hey occur. These
eventstlare then queued in the thread' s |ocal event queue until they
are di spatched by 35 the flow. To nmonitor an event froma cl ass
of senders #RansThéddset bf any preaeding chiiranekereih thé Pufiipad Sol@sd 6f tHeclasseapt , it
is delivered to WD 96/ 18148

PCT/ SE95/ 014f€shed to the TEM00 mode of the laser medium. 14

19.  The laser of any preceding claim further including an output mirror for

15 collimating the output laser radiation.

20.  The laser device of any preceding claim comprising a free lasing laser device

further developed into a Q-switched laser.

20 21. A mode-matched diode-pumped solid-state laser, comprising:
a SES-pump module including
a laser pumping source,

a laser medi
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t he receiver. As has appeared earlier, a thread that needs sone

i n- formation froman object or another thread in order to proceed,
can put itself ”wmm he execution of the thread 5 wll then
be halted and so IJH"MMUI start running. The execution is
resumed when the desfreéd |nf6rnﬁt|on i's received in the formof an
event, but not until the presently 1active thread has stopped

execut i ng. Fig. 6 illustrates a wait state in a flow as expressed
2y s zea- ol ARG R S B R At
point at synbols 612.1, . 612.2 n. The_synbo i ndi cat e

different swidigasingand said foemt arairb@kscordet}s(fmaéﬁﬂw| respect of thei RUNRING he
events that the thread (flow) is waiting for from 15 t he respective
senders. Asradmtiohe seen in Fig. 6, these events are indicated as evl
ev2, ev3; ev4, ev5 and ev8, ev9 for the respective senders 612.1 612.2
and 612.n, respectively. The nanes of the senders are included in the
synbol s. A synbol i ncluding an asterisk could also be used, as will be
explained 20 further below. A wait state can have a nane. It can al so
have a list of conditions associated with it. When execution
of the flow reaches the wait state, the condition list, if any, is
first tested. If the conditions are not met then there is an error. If
the conditions are net or if 25 there isn't any condition list, then
execution stops since a wait state has been reached. Execution is
resuned when one of the given events is received fromthe sender to
whi ch the event is tied. The execution then follows the arrow which is
named by t he event which occurred. 30 As nanme of the sender the
follow ng could be applied: - Avariable pointing to an object

i nstance. The event has to come fromthe given object instance for
execution to be resumed. - Thread identity. The events nust
cone fromthe given 35 thread i nstance for execution to be resuned.

- Asterisk (*). This neans that any of the stated events are of
interest, no matter which object or thread that WO 96/ 18148

PCT/ SE95/ 01480 15 generates it.

A previously done nonitoring may be renoved if the event receiver is
no | onger interested in the event. Renoving a nonitoring is
acconpl i shed by deleting the nonitor object that 5 was created when the
event receiver earlier announced its
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interest in the event. In the progranmm ng | anguage, stop

noni toring event can e.g. be specified by the synbol illustrated in
Fig. 7. As shown, this synbol differs fromthe one of Fig. 5, in that
it 10 has a | owered flag. There is always at | east one sender and one
event specified with the synbol. The synbol has only one out goi ng
arrow pointing to the next node to be exgcuted and no result value is
attached to the arrow. Wien the synbol stop _nonitoring is executed in
a flow, instances of the | onger be received
by the flo PROVEMENTS REEL.4 - - 22-Ya e2efrhed, viz. the event
DEATH, which is autonatlcally generated mhen an event- generati ng
object is deleted. The event DEATH can be nonitored and received j ust
as any other event, but it does not carry any 20 data. The keyword DEATH
shoul d be used whenever refsgBSTRACTOF THEDBCIOOSURE:event . There
exi st sonme possibilities for communicatl on bet ween threads. One is
comuni cation via object nethod calls. Objects can generate events
when they execute certain nethods. The 25 events are then sent to al

interested threads This i IusIr th.an exanpl e Fi 8. A
{hr ead 3802 sonaeA diode-PuRpeshsckid stats lasst frociaed i i & Bpapp ofuhe crdley
obj ect 806 in turn sends events 808 to another thread 810. In this way
conmuni cat i Gramishe pempingdeser Hiodads directlyabsirbedeby gye enshef the laserdedium ege
mechani snms in an approprlate way, it is possible to get two threads to
"talk to eaglyAGhed, and the rest of thd P@mping‘tadihtisd ik absorbed thisughdbe sidaBurddczd

generate events. This inplies that two (or nore) threads can talk

recer v ng. 98 4 bEAHeRLENNSIREIH RonHE bkt FRE vEErs Sieltisig 1 ¢,

receiving 3 events |gure
an exa

whi ch th ad 90 sen events 904 .to 0
Chr ead 906, TRE CLPRRT FAMbTS 56 ANETagRoTh praniqgl 200 dfatde Fimping
96/ 18148 ) . PCT/ SE95/ 01480
16 10 1 schemggfosithe enstructionaf adessr-diode @mnpe@slealeam@clmy- bet ween t he
threads, this is not the case. The events are distributed via an
event handl @ig. 3%t shown. Reference will now be made to Fig. 10
which illustrates a 5 fl ow chart of occurrences in a process, and to
Fig. 11 which illustrates the process and sone of its elenents, the
process being indicated by 1102. Mnitored events can be buffered in a
| ocal event queue by a thread. Buffering nmeans that after an event has
been nonitored all occurrences of it can be observed, 10 whereas events
occurring before the nonitoring was issued are




not available. If an event is no longer desirable the

noni toring should be renoved. Already received events remain in a

| ocal event queue until they are "waited for", in which case t he
thread is allowed to continue it's execution. If the event 15 has not yet
occurred when the thread "waits f or" it, execution of the thread wll
be idle until the event occurs. In Fig. 10 1002 indicates
starting, as a first step of the process 1102 of Fig. 11, nonitoring
of an event el, the source of which is an event generator EGL.
Starting nonitoring of an 20 event e2, the source of which is an event
generator E®, is i ndi cated at 10042 Fig. 11 indicates the event
generators EGL and E&Q as being included in the process 1102 at 1104
and 1106, respectively. The process 1102 al so includes a thread 1108
having a | ocal event queuar1110. 25 In Fig. 10 1006 indicates a wait
state in which the ocgurrence of event e2 is awaited while halting the
execution. At 1008 it<gis indicated that event el fromevent generator
EGL now occurs, it being indicated by arrow 1112 in Fig. 11 that

the event el is buffered ip~he |0 ent queueatl110. At 1010 30 in
Fig. 10 it is indicated tHat eve from event é@nerator E&Q now
occurs, and at 1012 start®ng executiln t herldbf i g i ndi cat ed.

Synbol 1014 in Fig. 10 indicates ha ng_of - he ex@cution in awai t ance
of event el. This event has alresdyl okchr®edIamde—35 starting execution

— —

thereof is indicated at 1016. A nmet hod ﬁﬁr schedul i ng
event-driven programthreads wl | now be desdribed nore in detail wth
reference to Fig. 12. In 06418148 - O
PCT/ SE95/ 01480 3 | 17 this
description object cl&dGsesamM || bg nf ijonedl, which are included in a
particul ar cl ass strucIurdg_These | bl @ | successi vely be
described in some nor§detail as f P ajres turn up in the foll ow ng.
5 In Fig. 12 bigdcksE1202-1086| | Indicate a reepective object
event generator of a se ass Eyé¢n nerator, thg objects of whi ch
can post events to an gven+ handl ¢ bl dct, of a c&ntral service cl ass
Event Handl er of thé& ew¥ent handling chgnf sm for o furfher
di stribution. Bl ocks 08-1212 inHidateta r ctige 10 abject event
receiver (thread)Zof,an abstract ?és% ass EﬁventReébiver t hat by
i nheritance enabl esSrédeptio Ve < qQ%%cts. A cl ass
denom nat ed Event ggp%%sents a pro¢esp aveni. An Event object is
uni quely defined bygaTag and a so@rce 4 the 15 ent generator. Each
event generator is&ﬁe@?er of some i s} N
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tribution category of a class D stCat,

of a group of event generators

t her eby making the nonitoring

possi bl e.

Event Generat or uses the foll owi ng objects
- EventHandl er for forwarding posting of. events, and for announci ng

creation and destruction of the generator.

menbership in sone distribution category.

Wt h reference to Fig. 13,

for inplementation: 20

- DistCat for
- Monltem for keeping

track of all nonitoring for events fromthe generator. 25 For
interface the Event Generator uses Everd/X¥dr posting events.

The EventHandl er is the central class, where the structure to keep
track of all nonitorings, event generators and event receivers is
mai nt ai ned. 30 Wth reference to Fig. 14 Event Handl er uses the

fol |l owi ng obj ect classes for inplenentation: - Monltemto

keep track of al
- DistCat Node to keep track of which event generator 35 bel ongs to which

moni torings for individual

event generators.

di stribution category. The nodes are kept in a binary tree.

- Event for saving events until distribution time and then WO
96/ 18148 PCT/ SE95/ 01480

18 delivering themto receivers. - Erltemto keep track of
all rnmonitorings for distribution cat egori es. - DeadEr Li st
to keep trackanf which event receivers have 5 been destroyed.

- Menory for | ocation of internal objects. For interface the
Event Handl er es the foll ow ng object cl asses: - Di st Cat
for registratbag nonitorings for distribution 10 cat egori es. -

NQoni torings. - Event Generator for
i ndi vi du event generators.

Event Recei ver &f or istra;}ﬁp\
or
LE(t base classy which, by 15 i nheritance,
i v
c
ner

registrating ®onitorin
The Event ReceiverSis an abs
adds the possibilEty to rece
thread is derived=rom Event
Event Recei ver usek Torl i npl 4

b eventfto itaS derived cl asses. The
ei vgr? 3 Referring to Fig. 15
tati'dn

% he cl ass Event Handl er for

tion and destruction of the

delivering indicafions of ATA constr
recei ver. 20 3 For interface Evefit RBei ver uses the class Event, which
s 3 m~~ , < ‘,J -g
,_,5_, ~ —€ < { <
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delivered to the class derived fromthe receiver. Returning to
Fig. 12, a block 1214 indicates an object Di st Cat Node (Di stribution
Cat egory Node) which is a node in-a bi nary tree Di st CatTree.

DistCat Tree contains a list of objects 25 of the class Erltem (Event
Receiver Itenm). This class is used for keeping track of nonitorings of
di stribution categories. Each object Erltem keeps a pointer to an
event receiver and forwards distrybysed events to it. Blocks 1216-1220
indicate a respective Erltem object having a respective pointer
1222-1226 30 pointing to a respective one of the event receivers
1208-1212. Di st Cat Node keeps track of all event receivers of one
distribution category. Wth reference to Fig. 16, Di st Cat Node i nherits
Bi nTreeNode, thereby having the property of being a menber of binary
tree for fast | ookup by the event handler. For 35 i npl enent ati on

Di st Cat Node uses DistCat, for renenbering the di stribution category,
and Erltem for keeping a ring of all event receivers of the sane

di stribution category (every event WO 96/ 18148

PCT/ SE95/ 01480 19 receiver for
which a nonitoring is done is represented by an Erltemin the internal
structure). The word "ring" above and further appearing belowis used
to characterize a list of | i nked entities, such as the event receivers
just mentioned, in 5 which the last entity of the list points back to
the first entity of the list. The reason for referring to aring is

j ust the fact that the enbodi nent shown in Fig. 12 as an exanpl e

buil ds upon this type of lists. The lists in question do not, however ,
need to be in the formof |inked rings. 10 Wth reference to Fig.

17 the class Erltemis the representation of a nonitored event
receiver in the internal structure. It keeps track of nonitorings for
di stribution categories, the events of which shall be received by the
event receiver. It also keeps a ring of all nonitorings for 15

i ndi vi dual event generators (representediby Monltens), the events of
whi ch shal|l be received bF the event recéver. Eriteminherits

Ri ngLi nk so that all Erltams of the sane , di stribution category can be
| i nked toget her. = For iaplenen ion Erltemuses the follow ng
classes: 20 - Evemt Recei fac forwarding receiveEvent and
handl eDeadl ock function c@ - Monltem for keeping a ring of
all rnmonitorings for Nt generators for the feceiver in
guesti on. - Di st Cat !t the Erltem can becunlinked from

the 25 Di st Cat Nodes ring of emis desttoyed.
o

-
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- Menory, so that the Erltemreturns occupi ed nenory correctly.

- EventTag, when matching occurred tags against noni tori ngs, and
when updati ng and "downdati ng" nonitorings. 30 - For interface Erltem
uses Event, which is forwarded to the correspondi ng event receiver
when distributing the event. Returning to Fig. 12 each Erltem

obj ect al so keeps a |i st of objects of the class Monltem (Monitoring
Item. This class is used for keeping track of nonitorings of

i ndi vidual event 35 generators. Blocks 1228-1238 indicate a respective
Monl tem obj ect. Wth reference to Fig. 18 Monltemis the

i nt er nal WO 96/ 18148 4712

PCT/ SE95/ 01480 20

representation of a nonitoring of an individual event

gener at or . Monltem i nherits: - ErMonLink, to be able to
be a nenber of the ring the 5 Erltem keeps all individual nonitorings
for its event receiver. - EgMonLink, to be able to be a nenber
of the event generators ring of Monltens, that is, the ring al

i ndi vi ual nonitorings made for the event generator. For

i npl ementati on Monltem uses the classes: 10 - Erltem for keeping a
pointer to the Erltem which keeps &Sthe pointer to the event receiver

- Event Tag, when matching occurred evdht tags agai nst w honitorings, and
when updating and "downdati ng" nonitor$ngs. Ebnnry, so that the
Erltemreturns occupi ed nenory 15 cdfrectly. EReturning to Fig.
12, it is possible to reach all Erlter# via the ElsacatTree Each

Di st Cat Node object contained in the o tree, such as ofj ect 1214,
contains a ring of all Erltenms, such 2 as objects 121K-1220, created to
represent a nonitoring of 20 ei t her gndi vi dual event g@nerators, such as

obj ects 1202- 1206, or distributiqp categories. In FH5g. 12, the ring is
i ndi cat ed by arrows 1240, 1242 argl\1244 connecti ng ?ogether the Erlitem
obj ects 1216-1220. Al Erliteps in the®ihg of one Di st CagNode are
results of m)nitoringggor event geng{&ors  sane 25 di stribution
category. (EiEEiilerallg’n Erlt a li nked into y%ngs, where each
ring bel ongs to sone Di & Cat Nodg. /The ring ils ordérgd according to

nitoring for an

the receivers prlorlt An E@J@\\Gus reated wher
evi iss30 created. The

event receiver that h \u¥-¢H | y\been noni tlor
Erltemis then I|i r-nn_

Es
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bel onging to the Di st Cat Node corresponding to the distribution

category of the event generator of the nonitoring. The Erltemin
itself, has a pointer, cf. pointers 1222- 1226, to its correspondi ng
event receiver, cf. event receivers 35 1208- 1212 for forwarding

recei veEvent and handl eDeadl ock function calls. Furthernore, each
Erltem has a pointer to the D st Cat Node, cf. node 1214, for fast -
unlinking fromthe WO 96/ 181483, 5

PCT/ SE95/ 01480 21 Di st Cat Node' s
ring of Erlitens. In Fig. 12 such pointers are i ndi cated by a common
arrow 1246 originating fromeach of the Erltens 1216-1220. Each Erltem
al so has a nenber which is a risig_ef~Nomltens. For Erltem 1216 such
ring contains the 5 Monltenms 12 8/1232 dnd is represented by arrows
1248- 1252. For Erltem 1218 fhe'ring cdnfai ns the Monltems 1234 and
1236 and is represented by, g( dnd 1256. The "ring" of Erltem
1220 contains the single Mynhltem 1238 Jand is indicated by the arrow
1258. 10 Each of the Mgnftens 1228- 1238 represents a nonitoring of
an individual event generator Minlitens 1228, 1234y and 1238
represent nonitoring of the epd 202, i ndi Cated by an
arrow 1260 originating fromepch of | [Monlt ens 1228, 1234, 1238. In
the same way, the Monltens 1230115 and 1230 represent noni-8oring of the
event generator 1204, i ngy -ated by anua row 1262 orlglﬁﬁtlng from each
of the Monltenms 123Q _aqTd ;235 and the Vbnltem 1232 represents
nonitoring of the event fenerat o ‘&206 |nd|'ated by an arrow © 1264, In
each case the nonitorings event r cekyer iq fthe one 20 poi nted at by the
Erltem Thus, for the Monltens 1228 1232 the Erltem 1216
points to the event receiver 1208, Monl tens 1234 and 1236 the
Erltem 1218 points to the eve® 1210, and for the Monltem

1238 the Erltem 1220 points Q the event receiver 1212. The Erltens
keep their respective 259 ring of tens i€h is unordered) to nake
sure all nnnltorlngs\a?é A d whén the event receiver

A

Kee t
is e
ro

di es. The Erltem al
tribution categories. How thi
Erltens are objects allocated
Menory), therefore they al so
they are allocated, 'and psewh
are destroyed. “E;EH
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Nof all nmonitorings of dis-
bl ai ned | ater.
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35 corresponds to a nonitoring with the event generator as source of
the event. Thus, for the event generator 1202 the Monltens 1228, 1234
and 1238 are included in a ring indicated by arrows WO 96/ 18148

PCT/ SE95/ 01480
and 1270. For the event generator
included in a ring indicated by arrows 1272

22 1266, 1268
1204 the Monltens 1230 and 1236 are
and 1274 For t he event

generator 1206 the Monltem 1232 is i ncluded in a "ring" indicated by
an arrow 1276. 5 Each event gefélator al so keeps a pointer to the
event handl er, for forwarding the posting of events. Furthernore, it

has a nenber of type DistCat indicating the distribution
whi ch the event generator bel ongs.

category to
As has been nenti oned above, a

Monltem represents one or 10 nore nonitorings for one event generator
to sone event receiver. As should al so have appeared fromthe above,
a Monltemis nmenber of two rings, one ring (ordered according to

the receivers priority) belonging to the event generator, and one ring

(unordered) belonging to the Erltem corresponding to 15

t he noni torings

event receijver. Thus, as an exanple, the MonTtem 1228 7S a nenbgr
of the ring 1266, 1268, 1270 bel ongi ng to the event generator 1202,] as
wel | as a renber of the ring 2 beIonging to the Erltlem
1216 corregponding to event receiver Each Monl tjem
keeps a poilnter to its Erl aqm the Erltens rfing
of Monlteng and for fingh ildi
distributign lists. T

pointers tq the Erltgm 1216

Monltens 1334 and 1236 by
a conmon anrow

Erltem 1220, a
poi nter, |nd|catea

to the event genér #t0

unl i nki ng firomthe| ¢4 of
the distributio

receiver ngpnitorneg

menory (hanpdl ed

pointer tojthe 35 hey

return neﬂnry mhen they are destroyed

A Monltem

shal |
representsjone or nore nonitorings nade for
o
wmn
i
(9]
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WD 96/ 18148
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events fromone generator to one receiver.
many nonitorings the Monltem object

PCT/ SE95/ 01480

represents, it contains a

ref erence counter. The event handler is the central object in
event 5 handling nechanism which maintains the structures keeping
track of all nonitorings. The DistCatTree is a nenber of the event
handl er and is used by the event handler to find the Erltem
corresponding to an event generator or ? glstrlbutlon category when
monitoring is created. If no Eritemis’fd the event handler
creates one and inserts it into the Di st Cat Tr ee. Th

event handl er

keeps a ring of all events posted but

that is, the events are waiting to be distributed to the event

recei vers. Wien an event receiver 15 dies, it cannot receive events.
Therefore, t } i

They cannot [be del et ed, however, because there may still exist Moni
obj ects poi ngting at the Monl t-€ h ens-are noved to a list o

"dead"
Monltens W {
The situati g
di es. The Ern

all Erltens
list of
when the Erl
del et ed.
35 events,
pointer to f

distributiof |ist contalnlng Distltems. The

PCT/ SE95/ 014

Monl tens whi ch job, when the 2
del et ed.
n is al nost receiver

| tem can

he e
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24 distribution list is built when the event is posted, and each

Distltemcontains a pointer to an Erltem The distribution |ist IS
ordered according to the priority of the Erltens event recei ver. Each
event al so contains an event tag. 5 A distribution list is built for
each event when it is posted. The distribution list is built by the
event handl er whi ch scans the internal structure | ooking for Monltens
and Erltenms matching the events Q%F tag. The distribution list is

a singly linked Iist of Distltens, eac ontaining a pointer to 10 an
Erltem which in turn will forward the event to its event recei ver at
di stribution. To build the distribution list, the ring of Erltens
corresponding to the distribution category of the event gener at or
posting the event should be found. The ring is held 15 by a node in the
DistCatTree. If no ring is found, there are no nmoni torings for the
event whi ch{then can be thrown away (deleted). Further e
there is needed the ring of Mnltens represen- ting nmonitoring nmad

e — P B~ 2 S——

for the evept generator. Thi RSl U Zo—py—thesevent generator.
These two fings, below"g;gégf" [ TR

are then scganned, and azafﬁ:’f:r
posted event, while K;ﬁc 4( i
according tp the pH{,/’

scanning starts b¥’£','
found, the gr-ring Aﬂ g
/ '. A\

poi nted at py t
distributiop |ig}
Monltemis fhe
is stepped
t he regei vie
are conpletgly
given to thge
di stributiop.
96/ 18148
25 eafh event carries its own distribution [ist, so the
distributiop is reduced to follow ng steps. For each event on

2.153 MM

2.153 MM
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the event-ring, the event is renoved and distributed to all receivers
on its distribution list. In between each event- 5 delivery, the

eventKilled flag has to be checked to see if the | ast receiver has
stopped the distribution with a killEvent in whi ch case the
distribution will continue with the next event. As nmentioned
above, Erltens keep track of nonitorings for di stribution categories,

and Monltens keep track of nonitorings 10 for individual event
generators. This is done by keeping an?/12 array of bits, where each bit
corresponds to one event tag. The bits are set when nonitorings are
created and cl eared when they are destroyed. The event tag is conposed
if two conponents, call ed part and index, where part indicates the
part of the 15 bitarray, cf. 0,1,2,3 in Fig. 19 and i ndex indicates which
bi t in the corresponding part that is set. For exanple, the
event tags (0,9), (0,257) and (2, 65) mat ches the bitarray in Fig. 19.
Notice th the Teast significant bit of the 1Tndex 20 component of tt
event tag jis always set. That is because a nonitoring of all events
nmust al wayjs mat ch. For exanplef—to————Fhchitarxay fromFig. 19 a
nmonitoring| for all events 5 Ged 3 ~=$i§=§§~9ll parts wll Jpbe
set, cf. Hg. 20. er e S i?~\=§;: when conposiing
event tags| 25 for eﬁ§ks ce (0,5),

(0,9),. .. (0,

(1,3,(1,9,...(2

(3,3), (3, ,..:(1

construct gd usi {g nment jand
perfornms mapp Nof}i ¢ al so

that the bit i t 3 i part\ 0 i s/ rasenved |f or
t he predef| ned /" deat h i In
order to} avol d del ett on

v i Nt er estgd
receiver has ddgalt wifth the even

handlyng thils is

35

i ntroduced. THis is aswcogperagiio . event - nechani smjahd
Thread. The nechanismi s Based on“he even havi ng~a count € ichhis
i ncrenent gd and—decFerERe—5E AE=S5E1844S —
PCT/ SE95/ 01480 26 t he event
handl er and Thread. Wen the counter is decrenented to 0 it del eteg
itself. In the event’ bl ock increnentation is done when fetching an
event, whilch is the next one to be di stributed, fromthe event

handl er's [ring of posted events. 5 Decrenentation is done i mediately
after the |levent has been distributed to all interested receivers. lif
no thread fhas increnented the event counter, the event will then
del ete
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itself. When an event receiver is destroyed, it is not possible
to 10 destroy the corresponding Erltem because there may exi st

Distltens pointing at them There may al so exi st Mbonitor obj ect s
pointing at the Erltens. Wen an event generator is destroyed, it is
not possible to wipe out its |list of Mnltens, because there may exi st
Moni tor objects pointing at them 15 To handl e these two cases,
there are two |lists, DeadErList and DeadMbnlteniist, of objects

decl ared dead, by which is meant iiat2the object is of no nore use,
but may not be del eted because it may be referenced by sone other
object. The DeadEr Li st contains pointers to the Erltens which have

| ost 20 their event receiver, and the DeadMonltenList is a ring
containing all Mnltens which have | ost their event generator and are
still referenced by sonme Mnitor object(s). A cleanup is
performed at the end of each job, and conprises the foll ow ng steps.
25 First, in the ring of Monltens for each Erltemon the

DeadEr Li st| del ete each Monltem _the reference count of which is zero,
ot herw se ]

DeadMonl t e

all Mnlte

Finally, t

deleting a

96/ 18148

27

threads in
process in
generati ng
external i
to event
di stributi
di stributi
per f or med : '
i nternal nessages Fcagse nont torr g ot he-occuarrerncy—+hereof ,
there being for each distribution category a nunber of event
recei ving fhreads, a nunber of first entities (1228-1238)
representijpng one or °
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nore nonitorings for one event generating function to sone

receiving t

representing a

event
a nunber of second entities (1216-1220)
nonitoring for event generating functions of the

hread, 20

di stribution category, each second entity having a list of all first
entities (Monltem) which have nonitored an event receiving t hread, 25
one third entity (1214) for keeping track of all event recei vi ng

t hreads that have nonitored the distribution category
list of the second entities (1216-12201/12

generating
(1228-1238)
first

information regarding the priority of the event
3. A systemaccording to claim1l or 2,

pointed to
a pointer t

by neans of a

a nunber of event

functions which each keeps a list of the first entities

30 2. A systemaccording to claim1l, in which each

entity keeps a pointer to the event generating function and

receiving t hr ead.

in which each 35 second entity is
entities (1228-1238) and keeps

thread for forwarding distributed

nore of the first
recei vi ng

by one or
0 an event

event nmess@ges to it.

28

third entit
event recei
1-4, in whi
event handl
syst em accg
are associ g
execution g
is ordered
7. A syster
(1216-1220)
t hread for
second enti
second enti
8. A syster
entity has
renmoval frd

(1216- 1220)|.

6- 8,

—YWO 967/ 18148 PCT/ SE957 01480
in which the
to t

4. A system according to

vi ng threads.
ch each 5 S
i ng
rding to
ited wit

S

i es

i ng
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in which the first entity's (1228-1238)
(1216-1220) is kept for enabling fast re
(1216-1220) list of first entities (1228
event receiving thread for building dis-
first entity's pointer to an event

fast renoval fromthe event gener at
entities (1228-1238). 30 10. A sy
of clainms 6-9, in which the first e
al | ocat ed fromfast nenory, and kee
whi ch they are allocated, and to wh
they are renoved. 35 11. A system
clainms 6- 10, in which the third epb
handl i ng function to find the second ent
96/ 18148

pointer to a second entity

noval fromthe 25 second entity's

-1238) and for finding the
tribution lists, and the )

generating function is for enabling

ing function's list of first

stem according to clainms 1-5 or any

ntities (1228-1238) are objects

p a pointer to the nenory from

ich they shall return nenory when

according to clainms 1-5 or any of

ib§y¥ (1214) is used by the event

/

Ity (1216-1220) corre-

PCT/ SE95/ 01480

)

29 spondi ng to an event generatj function or a distribution
category when a nonitoring is created. N 12. A systemaccording to
claims 1-5 or any of clains 6- 1,{ iqa_Whi ch the event handling function
keeps a list of all 5 events posted buf\ﬁbt\dLglaibuted, i.e. those
waiting to be di strish t cei ving t hreads. 13.
A system according to clains 1-§% ™ |an oﬂ&cdains 6- 12, in which each
first entity (1228-1238) contains ce counter for registrating
the nonitorings it represents. 10 ) 14. A system according to claim
13, in which a first eqa'ty (422 -1238) is noved to a list of
non-usabl e first entities WR{cR,ijs\gcanned at the end of a job in the
process, when first entities 22/8-11238) with a reference count of
zero are renoved aqg\dg%gted. 4’,;5,—A—§ysten1according to
claims 1-5 or any of clains 63 A7k M(¥h the second entity's
(1216-1220) pointer to an vent clel thread is set to 0, when the
event receiving t hread bgepnes nMfsablfe} and t he second entity
(1216-1220) wll no |ongefr)for ny bnts to it. 20 16. A
system according to cl ai m 15, i 2 cond entity contains a
reference counter for registr t pritorings it represents.
17. A system according tw C 5 16, N¥ phi chyd at the end of a
job in the process, all secon ntitiieg (124651 25 1220) with its pointer
to an event receiving thread §ef \to xefo are noved to a |ist of
non- usabl e second entities (1p4b-%220), o
g i
o ;ﬁ 0
/]
/]
%
/]
) \'—
) 0




which is scanned at the end of each job when a second entity

(1216-1220) with a Teference court—of zero is renpved fromthe list
and deleted. 30 o 18, - 1 according to cla ’gEP ,

cl ai ms 6- 17|mwm[|!ﬁlmﬂﬂlgﬂ|cond entities (1218: Mgt s
all ocated from f ast L a pﬂ)]nt er to the py ' om
which they are allocated, and to which ey shall retjur when
t hey are destroyed. 35 19. A system accordi rg] any
of clains GLAIMS 18, in which software representatfi ons

occurred events which are delivered to event ceiving threads gach
WD 96/ 18148 PCT/ SE95/ 01480 3
keeps a pointer to the event generating function fromwhich the event

was posted, apd. di stripbutio list .,containin . i stributio
rers’ (Di ot t erth diodfmaEnge st s laser b fhe tang Stens insueh i B Ly en
receiving thread, 5_ . . _20. A systemaccording tg.claim19, in which
the dis- the pumping radiafion jsdelivered tg pne ended apielonggie polid-stagslases anedivm33) s-
tribution itemcontaining a pointer to a second entity (1216- 1220),
and $he diandr & noriem iy idsluvem@{) ey sidedsurtagesn of dhelilasgr taediura (33), angk ther lasgr of
the second entity's (1216-1220) event receiving 10 t hr ead. 21.
A syst em aamepritinggatcsimpalotatig @rlased pundpinghsedtce {81 with regpeetitto said laser
repr esent atronm Tontar TS AT event—tagrepresent Ty one” typeof—event
L\egar ?' es SmiiufN(BY Citterf NBFAEdN@0) 6N GhidOasiiBYoeing reflRBfv¥e With rbSpect to the 22.
syst em accord-ng—to—etarm2t—+A—whi-eh—t+he—e-s———tbBut+enr—t+st—S
built by the : dl i ng function by scanni ng the internal
structure %Eﬁﬁg_pégﬁ%s for finding first entities (1228-1238) and
second entities (1216-1220) mat ching the event tag of events. 20
23. A system according to claim21 or 22, in which the second

entities' (1216-1220) keeping, track of nonitori for . di,styibution
cat é8ori esé-and ﬂ}f’e%qu"r §F céh"f‘i | jvdererp f21§89‘1°238‘§ of ‘the lasek predig r‘%éﬁm&% to

moni torings for individual event generating functions is perfornmed by
nmeans of afaciitate theminyiof pumpingrlases radiptipg intpiseiddaper BediymiS3)-0 one event tag,
the bits being set when nonitorings are created and cl eared when they
are finished, each event tag being conposed of two conponents, one

i ndi cating a part of the bitarray and one being an index indicating
whi ch 3bit TRe ldier 600¢14ias PONbréla shidr dnet dhdtofi the $Btr m3Bium is forméd withnet hod
in a systemaccording to clains 1-5 or any of clainms 6-23, for

avoi di ng d%ﬁke&%@m&ts before every

15
4, The laser of claim 2 or 3 wherein a coating is formed on said one end of the laser
— medium (33), said coating being reflective in respect of laser radiation generated by said
laser medium (33)and transmissive in respect of the pumping radiation.
20 5. The laser of any preceding claim wherein the laser pumping source (31) is a laser

diode or a plurality of separate laser diodes.

6. The laser of any of claims 1 to 4 wherein the laser pumping source (31) is a laser-

diode array or a plurality of separate laser-diode arrays.
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interested event receivingthread has dealt with the event, conpri si ﬁg

the steps of incr ' menting a counter ookt 8d.-wi.t h
each event by maaqgmn”mgﬂﬂq’ ndl i ng 35 functi (TﬁE L&e mﬁbﬁegg[:ﬂ- he
counter deleting itseld been decrenenged to 0, while
perforning increnentation when fetching an event, [whi &h8i SEPH280feixt| one
to be distributed, WO 96/ 18148

PCT/ SE95/ 01480 31 Trom tire~evient
handling function's |ist of posted events, and periormi ng
decrenentation imedi ately after the event has been distributed to all

ST Sl 8 g s g 9
orii 1 ee. A o B8 heck i (05 R 80098 RSB RpS humoing ficiney of

(deadErLis%of non- usahl e second. entitie its list of first entities
(1228- 1238“'}l Laser mesium 3)% PPmPgtgsé’H'fqet@I)io havi ng a reference count
being zero, otherw se putting it on the Iist of non-usable first
enti®ies, identifying on the list of non-usable first entities
al | entities having a reference count equal to zero and renoving

and del eti®g t hEmg ladds of claim 1 drdewhéréipithecasingtih scrhi-findfical avithubariilaad daciond
entities all entities having a reference count equal to zero and
removi ng ends lévatin ﬁieﬂhéeﬁmeﬁiiﬁilgﬁ and the laser ifig BRUrbO 1) Fespedidvelye M
according to any og clainms 19-2 ,) for %‘Sin?glgng a gkigtr?%uti gﬁ list,

i ncluding the steps of 20 identifying the list of second
entities (1216-1220) corresponding to the distribution category of

t he event gener ti.ng f L on. 1.ha the.event. . -
 dentifying t helts gergf 4%‘%&#2’?&41?‘?‘&28% st i ﬁglé‘}‘%mf with fropt and back ends

noni toring, made for the eve generajing function, . _.,scanning the
twoPists ]Pﬁ%%“% t&%iﬂﬂ?&@%ﬁﬁﬂ%ﬁé%ﬂﬁéﬁ%hﬁﬁémpmg %%éqer(gfke‘ﬁﬁ?é’f"gv"é&ai nst the tag
of the posted event. 27. A nethod according to claim26, in which
t he scanning conpri ses the steps of scanning the |ist of
first entities for a matching first 30 entity (1228-1238) and, when

f ound, 10.  Theksemifrelpimhieor 7 whersin the casing montdydisdiical wWithrfdomgnd baclent
second entities (1216-1220) pointed at by the found first entity
(1228- 1238¢nds\Muiatiag cied lases iediuna(33) and theilagr peaping source () késpe@brelyl 216- 1220)
to the distribution list, and for each 35 mat ching entity stepping the

pointer of the list of second entities one step to avoid that the
event is distributed tw ce
15 11. The laser of claim 8 or 9 or 10 wherein one or other on both of the front and back

end surfaces is/are flat.

12.  The laser of any of claims 9 to 11 wherein the laser medium (33) is affixed to and

held in place by the front cover (35) of the casing by means of adhesive (34) and/or by

20 means of a gasket ring.

13.  The laser of claim 12 wherein the gasket ring is made of rubber.

14.  The laser of claim 12 wherein the gasket ring is made of indium.
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to the event recei V¥ ng thread, ' WO 96/ 18148

PCT/ SE95/ 01480 sREPLACEMENT Skgep} i ng

until both lists nned, gi Yi Ft on
list thus conplete g‘“ﬂ{mmﬂﬂumﬂm 28. A netfho Eoggbnﬂmho claim
26 or 27, in which L t®ibution jgcludes the sfeps

. putting each posted event on a list waiting for distrijbis 1ion
renovi ng each event on the list and distributing it t¢ all event
receiving threads on the event's distribution list, * —checkifg

bet ween each event delivery whether the last 10 event receiving thread
has stoppag. t herkdilgdef bPatly RBeeding claim wherein the laser medium (33) is in the form of a

rod.

5 16.  The laser of claim 15 wherein the laser medium (33) is a YAG rod.

17.  The laser of any preceding claim wherein the pumped volume of the laser is

matched to the TEMO00 mode of the laser medium.

10 18.  The laser of any preceding claim further including an output mirror (41) for
collimating the.output laser radiation.
19.  The laser device of any preceding claim comprising a free lasing laser device
further developed into a Q-switched laser.
15
20. A mode-matched diode-pumped solid-state laser, comprising:
_ a SES-pump module including
a laser pumping source (31),
a laser medium (33), and
20 a casing including a front cover (35)and a back cover (38), and wherein the inner

wall (40) of said casing and said front and back covers (35, 38) form a reflector in respect

of the pumping radiation.
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