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Badberemmgogdo 83 3sc93mls sdBonGo  3m33mbabBgdas. dsmo  (3e0ebs
30 bBocse as6dbsbmgMgmos sbamasbeemdol demdomo sbsddgdols
bggemBo.  sdoBmdss, asbsgzodo séss ol oo  dmmbemgbogmgds,
Gmdgmo emgobsmgol sebgdmdl  3Gsd@ognmo ©s  gedmygbgdomo
0bgm@dsogol, 3gPdme  go  gmddondadagmo  Lolggdgdols s
Badberenmgogdols dzmeby Lsabgobm  3emgdby.

byl 0bggm®dsBogol gsgnmdado (sodg o, s38mdsBogs
s asdmmgmono  $gdbogs)  gmggmmgol  owgs 3l lsddmrn®o
bogg@lodgdgdol  dmfobsgy  0blBodndgdol  G@ogdo.  3o335LosTo
»050m30l 3¢ msobgdgmo  Loliggdgdal™  gsmgods  SoMggmse
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odoeolido  Fqgoddbs 1971 (gl s 83  bbol  gs63s3e0mdsdo
29307838 3r35m0 smam 3gsmogoiondo bdgiosmoligo [1].

oaﬂoaoc\) 53350 dobobo 15(5';:]—15, ©d daﬁ)dmgg OBthﬁ)aoéodoho ©d
dscmgzol  LobBgdgdol  goznm@Bgdol @  dolbo  Ldgiosemdsms
d0dser0gegdgdol  Lebffegmm-bsdgsbogdm  3Gmiglol  bacolbbol
beygmgemagss, dergmabools 3mb396¢3000 Fglsdsdalse 936m30b
Bogs63dsbsmemagdmm bog@sgdo Rslstromggmas.

336Ls gnoegdamo  3603369mmds 83 3Om(39Ld0  msbsdgdmay
Bafbogn®  dsbsl,  gebmgbo  Lsobgm®dsiom  Bgdbmemaongdols
bFogmgdol dempmmagdols dq4dbsls, Fglsdsdobo Lslfsgemem-dgmmenmo
o9t ol gm®dodgdsl, ©s Gy Jnsgsdos, 3Mmaglombamo
m9ddmegdols Agehg3sls sd3b. 25dmbsdzq60 bs0bg0b6m
b3ggosmoliggdol  botolbbo, s odds  qbos, 336 0d6gds
sdm goegdamo  Lsligmem gsbsomgdol s gMmgbymo  gsdmzegdols
Fgegaqdon  Rsdrobam  Ldmogbdgdby (396y 3OmEndgoslt  gséao

baregamo b3oGegds).
330Badmmo  dg360geg0s  3md3mgdlnGo,  Lsgsbodmeolbo

ol(303mobss.  0go  89Mmasbgdls  Lszgemgze  @ogddol, dsgsemomsw,
36030 3O39Lg00L  Fobss@lmdtog  smg@sl  (Lgdsb@ogmeo

ImEgmomgds), dsmo 39393980l segm®omndnmo dgdgdols saqosl
(mgogn®o  Impgmotigds) s gmddogBg®als  ,,q6sBg o0
13963L36gmms  Agemobszosl  (abazolBn®o  dmegmomgds). gl
bagoobgdo dFoeem 33806 30s ,,3m3307d 9O Nm ©E83OMA3g0sLms6™
(Bmgemdy dg360g6mmo, sbggg 839093060 0zgsmlbsbGalon), s
slidgmo mgdsBogol 33emaz0l mdaddo s Lsgsbos.
0boge@dago go dq(3b0gegdss, A™dgemocy Fg0lsGageols
0bggm®dsczools Boliggdsdobgdam s dsgndsls 333mmgEmomno
Badbogols LaBgaemgdoon. oligmGonmse 030 Bsdmysmoadws
dsmgdsogmeo dn(36096980L (g99myggbgdomo 35009358039)
336300569801 baggdzgemby, gedmmgmomo  Badbogs  go  Lsmsggl
909d¢OmB 946030,  dogemgmgddtmbogals s 3s3domasddnmmdals
Hadbogols boegndggemby oegdl [2].
$g3060 06530635035 9360m3580  70-0060  [emgdosb
obdstigds.  ogo  JoMggmse  3g@dsbosdo,  Mgbrgbols  badgsbocm
300695390963006g 06 domgdmmo  Galo s g@byo  Igsboggdols
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obo(z0s8)0300. 8996030 s Lb3gs 43996980l abaemolin@gbmgzsb
moBg@odm®sdo sl Bgqgbadedgds  Computer  Science  and
Information  Systems.  asdmmgmoomo  Bgfbogs  0bxmGdsEoz080
bl dgbdol Gl sbegemadl. (3bmdogmo  3memsbrogmmo
dgsbogo 9. ogsbBes  Fods, Omd 3 m330ndgeo  0gozgs
063635803580, G33 Baemglzm3o sligOmbedos o,

0bggm@dsBozel Lado dotromswo 3sb3Bmgds szl mgmGonmo
0bgmAdsoys, 3630 gmemo 0bgmAdsBo3s s Badbognéo
0bggm®dsgo 3. B boggndggmby  0dbgds  gsdmygbgdomo
0bggm®dsgogols d0dstrormgdgdo, 3535000, 9306m3do 3960
0bgm®dsBogs,  Somabgm®dsBogs,  3gmobem@dsBiogs, mobagoliBogs
s s.0.. 93630l J394690 0, 353500005 3963sbools
6ozg@lod)gdgd o 0bggm@dsBozols obbgod) nd g0 (sb
9356853968 500) 3ba by d0dsr0rnergdsms 39096981
8960036981 [3].

ogmeonmo  0bgm@dsgogs  dgolfsgmol  gm@dsmgd  gbsos
0gee0sl.  dsgemoms,  Lobggdgdo  sbsmoto s Gorymo
Bolig)ndgdols 090600, LodAsgmgms 09608 s 3039,
338mdsadols s atsgms  mgmdns,  39dcol  Jlgmgdo,
369000358900 smdaibgs s Agms(30mG0  smmygds, BMEIsE Ao
bgdsbBoge ©s  39gacmGr0smo  sbsmobo, ™3gMsosms 3393,
9306030 376-ds0gdsBognco  dmEgmomgdols  dgomegdo,  dsbmdmago
dcdbsbygdols  ogmeos s 8.9, gmggmogg gl 0bgm®@dsBogols
RoGdsen® bgdbgdeels Fomdmawgbl.

36sdBognmo  abgm@dsogs  gdbsby@gds  0bge®ddsdo ol
bggmls 3636098 mmo  36mdemgdgdol aewsfyzgdels, geblszmmegdom
3330B9tmmo  Ea3GmaMsdgdol  gsbzomsdgdels  3@mgMsdymo
9bHm639mgma0l  Egdbmemmangdolmgols (Software Engineering). sf
3603369mmzsb0s  a3OMYMadgdal  9bgdo, ™3gMszommo  Lolidgdgdo,
dcbs(390ms s (3mbols  dsbgdol  dsmgol  Lob@gdgdo [4]  ogo
353m037 3390 dodomse  3mb(3953(3090L olgmo  bBebos®Emmo
330(336980L  3osley3gd e, OmamMoiss 0bgm®ds;zool dgbsbgs s
dsmngs  dmbszgdos  bOddnegdol  Lednsmgdom.  360d369mmgebo
sgomo gotrsgl s 3s64sbnE  semgmEr0mdgdls, Gmdmgdo Gomo
s B3oMsegsdmygbgdsmo s3m(306980L s3BmdsBobgdnm  gewsfysgdel
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33150}')‘314)3&). 36)03@)06‘39@0 OG(Bc')ﬁ)aa(f})odoh Gaﬁ@ﬁ)o@ﬂﬁm ©5 3'3Q¢3
sJ& oo mgdss Gorgmo  asdmygbgdomo  Loliggdgdols (Windows-
s Web-s3mogoi30900L)  sagdol  3Gmgesdnmo  $gdbememmangdols
3qddbs s gebgomsdgds. gbss LB eqddageagmo,  mdogdd)-
060963 0cMgdgmo s gobgemuGo  Es3MmyMmsdgdol  dgmemegdo,
mboggacs0tgdamo deregmotigdols 96s (UML) s domo
338™3sBobgdamo  ©s3OMaMsdgdols Ggsmabsazools 0blidendabd nmo
LoBmoemgdsbo [5].

Badbogndo  obgm@dsBogs  Fgolfegmol  0bgym@dsdogols
Bgdbognco 6639 ygmaezols (Hardware) bagyndgemgdls,
AMYI0(309 303360 (39bemEmmo Badbogs, 3033096 mo
s dodaddn®gdo,  Jlgmado s gmdgbogsogdo  Lob@gdgdo,
0BG OO A 980 s 39G0g960mmo 30 gmdogrmdsbo,
OmdmBmBgfbognco s bgbbmemmo  Lolggdgdo ©s  8.9. ogo
300 393906 3oy 998G E)946035bmsb, 336Ls gomegdom
30309 Hfberrmgogdmsd, s3gmz) @myogels @ @obydae
dsmgdoBiogoliosh,  gssdtmgge  bfgdsms  mgmEoskosh.  deagem
fmgddo  gsblsggmegdamo  gaderegds sz dgmboedggosmogmo
Badberemmgogdols d94dbsls s  gebgomsdrgdsl, s 3mddoydgermmo
smom-30bmserm®o Lbob@gdgdol sggdol Lsgmdggemos [2].

3900199698000  0bgmAdsBogs Bsdmm  B3gdd ol Igsbogegdss.
030 94Obmds 0gme0T, 36580 3mem s Badbogn®
0bgm@dsogems  domgagdl s Fgolbfegmol  dsor  3Gregdsdye
3990996905l Lbgsslibgs  @stggdol  (93mbmdogs  ©s  3obbglo,
0603 oab30s, 7696398039, 369§ 39emds, BbL3mG B0,
dga(z0bs,  Lewggemol  dg@bgmds,  gsbsmmgds,  gbsmdgsboggds s
bb3.) Gommo  Bafbmmemaon®o  36miglgdol  3md3ondg@obsools
s 0bgm®dsgonmo bseggdol 854dbols s sedaboligomgdolsmgol.
3505F 939800 gdsms doeagdols bgm 393G gmdo 3033096 mo
Loligndgdo  gmgamo  @ataals  s7iomgdamo  obligdmdgbdo  Brgds.
9Jb396Bgmo  Lob@Bgdgdo  360Tzbgmmzgeb Gl SliGrgmgdls
036539000039 03360 Bozobs s 3636 bols 393369800

3003bs( 9398 0.
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12. 36013653I0 3RNLSGBM&HITB0 RS
R334(1536533500L I6Id0

0bggmAds30mo  Bgdomemmangdol  Lsegndggmos  3Gma@sdnmo
3o gm@dgdo @ a3MmaMsdgdol  gbgda.  asbbsgadgdmmo
3603369mmmds 843l 3OmaGsdnm  SmsBm®dgdl —  m3g@sioqe
Bolidndgdls, Amdmgdbas s 39670 mas a33mygbgdomo
303307396 mmo 330 38(30900. 39t dobo 3™y 3370
3enohgmEds’ Fgstgdboon sbamos o 030 15335638y
3enogmedslosh  sbmodegds.  ogo  asblsgmmegdon  3s580b
2s8m03390s, Gms  goddgdol Sun Microsystems s  MicroSoft
39039980980 Bggxebs gomdsbgml. doMomsse ™o 3OMyMsdnmo
3 Bmeds (m3gMsizommo Lalggds) Unix oo Windows NT asbes
396396968980 Lobggdnmo  3Gmgcmsdadol dsbsdrg [6]. UnixX-ols
30dg369d0s: SUNOS/Solaris, IBM AlX, HP-UX (Hewlett-Packard),
SINIX (Siemens), IRIX (Silicon Graphics) s Ubg. (6sb.1.1)
2883013360 Unix 353m06hg3s  JsmemdFsdmgderg@mdons s
bsodgommdon, Gsg Fgesdgdon ,,sbsmasbmws® Windows-1s XIO O
sbslosmgdl. Lsdsgogme UNiX Lolggds Gormgeos s@dobol@motgdols
030 bsbMobon s dmombmgl  dspemo  Gsbgol  333emo30 383000
(d3063macg8mem)  L3gz0semaliBgdl.

emgobsmgol  dmobmgbormgdsbo  L3g0smoalBgdby  LFmege
3emoygecrdgdolss s a36m3 33530l 969000 (3mbols
3608 960mdgdom 3360labmatgds. 3633330 Lolig)qdgdols
dborggmoem dsbamr by 939emaby 3137y aGrm0s Jbgergéo
3moyam®dgdo  UNniX (Lgsdoonéo  Lolgds oo @  bmydge-
30550536015000301}), Windows (NT, XP, 200x - 396 berbsem o
3033078 g0980bsmzol) s LiNUX  (sbogmo  3eosBym®ds,  Gmames
Unix-3s600680 PC-3564s6980bm30L) [6]. 360836gemmasbo 3Hemgeglos
ds0gombogmol  dogh  dmme  Gmgdde  Windows  Vista s
Windows-7  Lolggdgdol as3md3gds.
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AIX (IBM)
System V(AT&T) 4 BSD (3gtgmob g MINIX

FogaSbatiay:
MACH \ 1)) / W BSD
XENIX"*———___'}‘___ / Net BSD Free BSD
UNIX

SINIE -— = GIIT
{Slenens) / R
SUN 05 (SUN) HP-UX (HF)
Solaris (U
U DEC IRIX (Slicon Mac O5X (4pple)
Grap hics
SuSE, Rad Hat, rap hics) T
Slackware, Debian, — #+— LINUX MacOS (Apple)
Mandrake ms Bhg. ﬂ
05/2 Lindows OS5 SPX Nowvell Hetware
(IBDI) (M owell)

1]

MMs Windows XP

Ms Windows 95980e MsWindows NT4.0/2000,03,08

16732 bit 4 XP/2005/Vista/Win_7
Ms Windowslx2x3x ——» MsWindows NT 1.x2x,3x
T 16 bit 22/64/123 bit
MS DOS
(Micro Soft)
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09 -mGagbBocgdnmo ©33MMaM5390s 96n-56m0
sJ&geeonco o ddmagto oMMy om®o Lo dgoemados
036539006039 0bgzmGdszonm Bgdbmemmaongddo.  dolo dobsbos oo
s Gorgmo  3Omacsdnmo  Lob@gdgdols 3mblgGmocgds.  ogo
0309860350 sbsmmo  3eb(3953(30900L  dsBeMgdgmo  ©s3GMMa@sdgdols
Badberemmgoss Lobggdgdals mdogdd-cEr09b@ocgdnmo sbsgmabolbs ©s
309dd-m09bB oM gdmmo 83609 JB g0l dgnmeadoms s
G9semobs00l  dmdbogmo  0blBGHmdgbnmo Lsdnsmadgdom [5,7]. 3
dodsrorgemgdols 960-96m0 8385659300 Babolols
abogzg@lodgdol  3Omxgqlmeo, ©sbogmo  dosb  bBGOmmld o,
Amdgedsy  Rsdmsgsmods  mdagdd-meogbBocgdgmo  s3tma®sdgdols
dodomso  ogmdogmo  baggmdgmada:  gemsligdo s mdogddado,
dcrbs39dmos 3G @ mmo $o3gdo, 99333000M9mdonmds s
3modmerggobdo s 8. [8]. 3olo Lsbgmddmgsbgemm CH+ g60ls
Fgbabgd  3oMggmo  ogm,  Gmdmomszy  olfegmgdmes 8396030k,
936m30bs s Logotrmggmmls Bgdboszacdo mbogadlodgdol dqlsdsdols
b3g300emmdgdby [22].

emgobsmgol  dbmgmomBo  2000-3pg  ©s3G03Gs3gd0ls  gbss
dgddbomo s dsmo  gebzomsMgds kg3 SO ©E3FMszEd TS
(656.1.2) 53 g6983s astgzgmmo  Gmeo  Bgelidrmgms  msbsdgemmay
3330 gtmmo  Bgdbmmmgogdol  Fgddbols s  asbgomstrgdols
L4359 30. ©836mgM33900ls 96930l 3enaliogzo o300 dsmdo
Ggsgabgdmmo dgomegdols ©s b ogools 033 bsBGobon
bodgogmeads:  mbogg@lsmamo  3Gmgen@nmo, gmbiombsmno,
mmgogaco,  LiModdmmo, ®dogdd-mcogbdocgdgmo, gobmemn®o
s o.9. [12,14].

306s0sb 8396030 s g3dm3ol, sbggg Fbomgmoml  Lhgs
2963003609800 J3996980L  asdmmzgmon LoliBgdsms Jugemgddo UNIX

m3g6sommo bob@gds  i3mamse  ©m3abodgdl (1975 Gmowsb
©Edg), bowme gl 9365L369m0, Gmgmeg  (6mdogmos C—gbsbgs
sfgdoma (1972 (), s30gmds asbbsgnomgdamo  36sddogmmo
poGgdnegds o4k C->C++->Java->C# gbsms  gLFegmasls
dcdsgomo  3Omgglombagmo  0bgobg-Lob@gdmdgdbogmbgdols s
Loliggdgco 36ma@sdaliggdolbsmgol.
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656.1.2. s36ma@edgdol gbg3al gsbz0msmgdols
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dmbs(39dms  33Bgdols  dedmgol  Lolggdgde  3md3ond g ymo
s36M3M3dgdols gbsms d603d3b9mmgabo, G s(3090%g
0609630690 gmo  meoagobsemn®o  gmsbos,  @mdgmoa  obgemaligemo
39360960, 900356-536156 3 3ools (396@3(335em9ds3009-2003
drmgefgmdes 839603580,  0bggm@dsogol  bggdmBo  meoarglo
035§ mobogol 1981 §. dogbogs @om@obgols 3¢9d0s)  dmbszgdos
33603mmotgdols gbol ALFA-L 36mgddosb omgdl Lsmsggl [17,19].
Lolgdgdo  MsAccess s MSSQL Server, ogomds Oracle (Lsdogg
309dd-m0gbBocgdnmo  asbsfomgdnmo  Ggmsgogdo  dsbgdols
336030L  Loligdgd0s, G@Imgdo ©mgl GsGome gsdmaygbgds) s
.9.

3mbs(398ms dsbadmomgdols gbgdo, Gmdmgdoi Ggsmobgdnmos
g dmbszgdos  8sbgddo,  BmamGoss  smggdtrgmo  gbs
ISBL (Information System Base Language), 9gz0mb3g80l g6
936960 GgesJEmemon QBE (Query By Example), 3mobmgbgdols
Lo ddmcomgdsoo  SQL 6 SEQUEL 46980,  &edmgdog
3e0agd@mm s sméozbzol gbgol dmeol drgmdo gbgdos s .0
B s gemgdo  dodstogmgdss  [12,15]. Lsobggem@dszom
Bolig)ndgdol dmbszpdms dabgdals sbsgqdse  gmggemmgols gsdmoaggbgds
s bons-sdm joegdgmadol  dmegmo  (Entity-Relationship-Model,
ERM/SERM), Ao sbg3g Ls3rmdemgdem boggmls
39639383 n0  (bgdsbBogn®o) dmwgemols Labgmomsss (36mdogmo
[23]. 3 Lsgombgdol  gsmsomgdoos ©s  gsbgzomstgdoo  dg04dbs
(3@©bols  dsBgdol  Jodseromgds, GMIgmoi BOMME  g3dmoygbgds
bgemmzbn®o 0bBgmgddol ©s 9Jb3gd e Loliggdgddo [12,23,30].

©33OM3M3730L  Bdbeoemmgogdol  (Software  Engineering)
29630m56905Ls @8 3m3emstobsosl  bgmo  Bgfym  NATO-L
gaocomn  1968/69 . Bsgetigdamds  3mbgg®gbzosd  ,.Software
Engineering”. ©mgl 3o Computer Aided Software Engineering
(CASE)  ¥)56cmemmgogdo “JOIIME Fq0dmgds Bsomgsgnmls
30330396 mmo  a3MmaMadgdols  qbgdols s abligGndgbiEgdols
gl 3F3ghgsmee.

3330 admgmo  Bgdberemaogdols  I9dmamdds  gsbzomatindsd,
sbsgmo msmdols 3s64s69dol (Pentium-4  3ém3gbeoegdol 3sBsbg) o
L9396 dmboBaergdols 3943653 sbsdsdo dolizs ddmsgdo g@se3037emo
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http://de.wikipedia.org/wiki/Entity-Relationship-Modell

badgaemadgdols 33630m3693801s. ©s0dMs sbago Bomms
©336mg6539605  olBm®osdo, NET-896ememaogdols Lsboo: Visual-
C#, Visual-C++, Visual-J++, Visual-Basic.NET, ADO.NET,
ASP.NET s s.3. [15]

30B90e0M0  ©336M3Medgdol mgmeonm  Lsggndzgeels mdogdd)-
0609680609070 sbsgmabolss s ®3094d-m6096@ 0698 mmo
3360098900l Igomegdo  FeGdmemagbl  (656.1.3).  mdogdd-
609630609070 doamdols bsggndggemby 9g0ddbs  gboggozocgdmmo
dmpgmoatgdol 965 (UML-Unified Modeling Language), &egemes
gobemglo  bebesdrBo  Gogmo  3Gmacsdnmo 33magss0gd0ls
sbsggdsee [5,10].

sbgmo 26135301-563em0 B0 9bols 3363006190590
296Ls 3mmergdnmo  F3momo goBsbgl IBM (Rational Rose) go®dols
d9(360961983s, 83O JB0gm-0bs0byMgéds  gMswo  dyRds, 0356
X33mOebds s xg0dls Gsddmd [5,12].

Eaiit - |
% I 2 I.I
B, LN S/
o W
N \\6..# '“'Sf_li_r.{}l ﬂf/éu_ﬁt/ }
R U e
. & ﬂ:;—-._ ﬂt’lda._e*'"

6s6.1.3. UML-8546menmaaols 4-g830s60 dmgmo

UML—C’)gjﬁQOaoo 0geG0ne-30sJBozamo  0bgm@dsBogols
dsbaby  Rsdmgsemades.  ogo  gsbsfomgdnmo  sg8mdsobgdamo
Bolig)ndgdols s36mgJdgd0b dgommEnmmzon®o baggmdggemos,
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ﬁ)mag:mls dmﬁogtg@oomoe '830(]350 01530)0 06]5@14)'3336@860,
Gmaméoggss Rational Rose, ParadigmPlus, MsVisio s tbg. [11,15].
36)(*)65)03'39\')0 3&63(53601) 0636015 35)(*)(3315015 B@o&gotﬁ@o%oooo Lsdo
doGromsro dodstrormgdols »3969803 760" 359 3300690
©30m9Jdgdol  sgBmdsobaios,  ©3OMYMsTgoals 3B mIsBoBszos
s dmbs3gdms dsbgdols sg9d0l s3BmdsBobsis [29]

dstmgols 3M330B 96 mo Loligndgdols 3668370
qbAbggmygmazal  sg3gdol  3Bm3glgdols  sbgmo  Lergmmaegsliegsbo
338mdsobazos g0bgeméo degmotgdols LabgemGmeagdon
0893300605, 030 ImEgeadols gMsgogmem  FeMmdmoaghbsls gwbemds
© grmdl dndbor G9396lnm  Eofbmmemgosts [11].

sbagm  3Gmg@sdnm  oblgOndghdgddo  LagnMsemadm  soanmo
93063l mdagdd-Gmgen®  dmpgmoatigdsl  (ORM),  émdgmas

Lsdgsemadoo, 3589396050 dogmdols bsggmdggem by
beord(309mgds dmbs38ms s (3mebols dsbgdol [7,23], 3mabodynéo

Loliggdgdol [24], sacgomzg dmbsigdms  Lsgeggdol  s36mgddgoals
36039gdols  s3Bmdsgobaigos [18]. 1.4 Bsbabby bshggbgdos ORM-
05361330 LsoeligGsom 5Gsadgbdo dgdegan gsddgdom:
o fl-pg3563803968 b o3l Lsbgmo;
o f2 ©g3560833960ls 1—3Q) 30eLby h%’o(ggmmbls 500 b@‘agaﬁcﬂ)o.
.f/- LE."JE|\\'.
\\JCG-::EIJ;
.-" ™ _ - lII_,.-' "'\\II
_— Depar.me T Quaniit
De;-tllane —
d -EDdE 1”&.."1* j,r

w

o is of / has
.. at ... has students in

656.1.4. ORM-osatedol g¢sadgbo

3MO3mG(30mo  dmbszgdms  bazegadols 3g4dbs  0sbsdgdm3gy
Bsobgm®dscsom Badbemrmmgoagdols 960-96m0 aobemglo s
sJBmserm®o dodstrorgemgdss [18].
dmbs3gms  Lsgego (Data warehouse) asboborgds Gemgemds
Gmdgmodyg  3mbiMgdamo  megsbobsool o6 oo LsFsddmbmgols
336 37mgboemo b3gosma@o  bydg@-dsbs, Lowsy  dodwabsdry
21

PDF’

nltro prcﬁe%% ona\



3968 0mmo baddscmls Fgbergemagdolisls a3l ag®ob
JObemmgon®  abgm@dsgosms  dmgmmo  B3gddoo,  OH™dgmms
ggoso'aﬁggmaboeoo 3003}3305)36@0150)3015 05@35)63@ 3336;3361’)3
d0BbmdM0gs0  asbemsggdnmo  ByJbdmeo, gMsgozmmo s SEom-
30B7g0m @0 Lsabgm@dszom dmmmygdol dofmegds.

15 6obabby dor(399eo 23543L 365§ oemadmemo
338m3sobgdmmo  dsrmgol LoliBdols dmbszgdms Lsgagol  bBegswo
bgds.

J 0

dmbenzfams
bl |_|
aBagnotio
T
iR Anbygin amorfitito

T
6sb.1.5. 3mbs3gdms bazsgol begswo bipds

dcrbs399ms  Bozegol  378smdols 3G0b3030  sbgmos:  3oggem
9839 Dwh-ol 333mggbgdom  Ggmsigon® 3063880 gems
0s3dmytomo  dmbs3dgdo  megegds  gstgzgamo  bgeddnenmo
0565303g30md0m,  brgds  dsmo  ,,@sfdgbes . Igmey  gBe3by
(7263mg3L  0bgm®ds300l  Bgdbmmmgon®o  ©sdndsggds  OLAP
(Online Analytical Processing) 3embsgdos m3gésgonmo  sbsmabals
a3dmggbgdom.  dgledy g3ty gLl debs3gdgéo  dmdbdstrgdemgdls
dogfergdsm  0bBg@bgdols  LsBmsmgdom. o0bgm®dsionmo  demeggdo,
Gmdeagdags dmbs(39900 ba(30390d0s 365 oemadagema,
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ao%oﬁaoaoém‘agﬁf\vogg mo3hgg86o 06@8663& 6386’“\’36%3 ©5
bgmdolsfaemdos ggsdinm dmdbdstrgdemaliogals.

OLAP  gbogocmado  abligérdgbgos, Gmdgmoi  bedmoemadsl
adgmgas 0bggm@ds300ls 36153563 56 Bmdogmgdosbo sbsgmabols
Balogotgdmae. 030 Mgmaogdo Bodol dmbsgdms Lsseggdols s
dcbs(39doms dsBg80bmgalss 9153938 960 a5dcmgabgdawo.
bogn@semgdms, Gmd  Ggmsondo  dsbgdol  o3dgdmgdgmds (1970
7)), 98 gmeds Rsdmsgsmods (1993 §.) m3gdspopmo  sbsgmabols
OLAP-061s8&39680l bagzmdzgemby dcabs (39000 bo(3839800
3360098 gd0ls s gbiombodgdols  3¢0biadgdo  [31]. gL 12
Fabos, Gmdgelsy 16 830sgcmazoegdogls bg00ldogeo
a36sfomadamo 838 mdsobgdnmo  Lolgads  dmbszgdos  Lsgegom,
Goms  Bootgl  Lsobgm®dsigom  demegadals  Lermemazsbemgsbo
m3gsBommo  sbsmoabo: 1. dmbszgdms  3Msgemasbbmdogrgdasto
363938 M0 [ o63maq6s; 2. 353F30635emamds; 3.
doe{g3emds; 4. 3bg560dms 83 3sg90alsls d7edogo
§o6dsmds; 5. 300968)-LgMg9¢0l s Jodgddnes; 6.

396960690500  3G18350a36BMdargdasbmds; 7. obsdogmco
36030 Og990d0; 8. 3r935em3IbIsrgdemasbmds; 9. Fgnbomosze
336 Bmdogmadols a3 dsgqdols 039613(30900; 10. dcrbs (39900
obgymoiog®o  dsbadmemsias; 11 s6gs®0dgdol  dogdols  dmdboemo
baBmemagds; 12, Ignbomoszo bmdgdo ©s 33693830008 G3r96mds
[18,25].

gOO3mGsgommo  Jigmgde  (MAN - Metropolitan Area
Network) gsbsfomgdmmo  dmbszgdms  Lazegg30l  sm30emgdgmo
999608, dsmo  asbgzomstigds  deme  soffemgemdo  Bgmdigze
3603901 Fomdmaygbl s 3M0b30dnmse sbsem 83336931 1ygbgdls
065306303093k, 0 e gern®  3m33ondgene Jugmgddo (LAN
— Local Area Network) Jugmol s@306olBomadols  3Gmdemgds
séory 3G3939 ogm, 3mO3mAszomm  Jlgmgddo 83 Lagdgl Lszdsme
©oEo  mEgbmdol  g3stmaggazadgdamo  3g@bmbsmo  gdleby®ads s
6gs60bsg00ls adstrorgema d7domds doonby 0O
©sdm jogdmmo.

JmO3mesogmo  Jbgmgdo  bsbosmegds  Fgdregan  dotomswo
030lgdgd0m:  g3ag@ggmmgdols  agmadegos,  dmdbdsgdgmms s
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baogobagdols oo MemEabmds,  s3sGsdymols  dGsgema3gmmabads,
0bgm@dsz00l oo dmgeamds,  qlsgAobmgds s Igbsbgols
hooaaggmmbo. ohamo 1}0]5@3336015 %‘35(](3000506)36015 3(33(](5"36)0
degmomgdols ©s  sbamobobsmzgals gedmaygbads 3gdcol  Jlgemado
[19].

JmO3mesgonee  Jbgmgddo,  Gmgeméy  (gbo,  dmbszgdgdon
363653900b336  momddol  LErmmgdon  obmmomgdnmew  obsbads.
390dme, bobBo ©oliggdals dsboggddo (306@BGsmabgdnmo  Lsboo.
bogsbagdm  Jlgemaéo  Badbemmgogdo  bEmbagmgmels  dmbszgdms
ba(303900L 336100351 ggsoem-ligeggtgdols doge.

el grgmo s o gdd nes 560l goom-lgAgg6ol
A95mobaigools  ggameby  m3Bedser®o  Bgdbmmmgos.  3mmsliBgdo
o606 g 3396doligeb (3m33ondg@oligsb) Bgdogstr Bogs Jlgemls
Fo63mapaabl, Amdgmag s3sGEnm ©s 3GmaGmsdhm mbyby gMmo
batggeol  Labomss  gegm®dgdamo.  gemsb@go  Bgoiegl  Gobslie®
336 bmgAgmo 9L badols Lodesgemals (IP-30Ls3s6:009%0,
Jugeog@o  Lobgmgdo,  Lob@gdndo  Lgdgolgdo,  asbsfoemgdamo
bodomsemeagqdo,  gsdmggbgdomo  3Gma@sdgdo  ©s  Lbzs).  gmggemo
dsmgsbo  AMAl  dmgndnen  dmdgbB o gmbsigdimmo  3396dols
300360 gdss, begnm  3356d0ls 3G gmdGoesb asdmligemals dgdmbgggsdo
B3g300em60  gesbBgol bobggdgco Lgagobo dob s3@mdsd)n@s
308086l bbgs dmddgo 3396d%y.

L6 6sbsbby degdnmos  god3odsommo  Jlgmols dstrogols
goglo Loliggdgdol bmgsreo 3gB@ol  Jlgmol dmwgemo [26]. ogo
83909m0s  aGsgm-sbamobyfo  AgosfBmton s Ggemabgdnmos
dobyb-Fggamdeogo  IGgoogednmo  3gBeol  Jugmol  Lsboo.
qbOb3gmygmal  dodegztimbomo s 3sGemama®o  30m3gbgdols
dengsl s dsmo  Yglergmgdol  @Amomo 35618383 M9d0ls
goJbodgdsl.  LoliBgdol dmsgsén mgolol LgMggdo  dmegmroamogds
39360L  Jugemol 3mBogoon  (S). dmobmzbgdol  ge®dadgdolsmgols
(08373350, 030 8 39sgmagorgdls 3bmbols 365§ 0emagdsls)
Fg3cBebormos  HbEm3-396gMsBme0n  (G). dmmbegbol  sbsgmobolis
(/) ©s 30bo sdndszgd0l Bgrgaqdo asdmozgds 3mboogddo (O
Fqgag00  doomgds Lagemm  mmzsen@o  Gglim®lgdol aségdg, OLi
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Fqgag00 doomgds Lsgom mgsenéo Ggln®lgdon, OF-8qmga980
dooegds LsgPmm gmmdsern@o Gglm@lgdon).

656.1.6. 3m&3mbsgogmo Jugmols gsgdgbdol
dergemo 398 eol Jlgmon

» QO3 e306 3363362099350 (Cloud  Computing)
Badberemmgos  Fgesdgdom  sbsmo, dsa@sd LFMsgs  gsbzomstgdsco
d0dstrogmadss  IT-LgOz0Lg00L  bgg®mBo  [33-35]. 2008 Ggmlb
233mJ399beos IEEE-\ ©m 3939680, A™dgm oy dcrbs(39dms
OO dmegsbo  ©sdndaggds  asbbabma@gmo  agm, Gmame  sbagmo
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135613000335,  AMImol ALy 0bgm@dsos  dqedogse  absbgds
bge39690%g ©8 @OMgdn 3gdatgds gemogbBol dbsmgl” (6sb.1.7).

—_ 1

N J— _'-|
. i ey —
Application S sk
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collakeration L_z—l ﬁ‘? |
£ 0w aic aior . /
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8 o] gt E
Runzim= Calabae /
Infrastructure /
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Pt — N tHack storege J—" ik b
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Cloud Computing
655.1.7. ofrndmmgsbo gsdmmgmado

Jgodegds  0mdzel,  Omd  mEmdmemgsbo  assbgsMn0dgdsbo,
Gmgmtyy  Aglag@badols asbsfomgdols s  goGEmsmabsools gm-
96mo  Bgfbmemmans,  Gmdgmo  Agbgdladl s boddmseg@iggdls
8§30l dc03bdsergdgem s 0bB)9®b98)-La®zolgdols Loboo,
bsggo0bemgdol mgsrlbsb@olon bsbosmwgds Gogo 30csEglbmdgdom
Bsoonm 303307960 Jbgerméo b Onddnegoals
Badberenmgogdorsb dgstrigdoo. 33330MM Mo, ©Odrmzgsbo
83933960l 39d39m000  3g@dm oy JIBIMESBOO  0bggmEIs300T
Bgbsbgs s 33dmygabgds 39368 bsgmgdo sbsbstxgdom ba@boads.

303360 Badberermygos dcdbdscrgdgemls bbgoeslbgs
embol LgMgzolgdl Lmsgsbmdl:

063N Onmo  Lgdgobo (IaaS - Infrastructure as a
Service) - s3s@o@mmo  Ledmeemgdgdol  (yzgmeby oz
dsgoemoma: Lsggmstro ,,boligo ©olzo ©Odgmda"), m3g@siommo
Lolgndgdol s bolggdndo  3Oma@sdagmo  9bembzgemymaols
»DEO 3560 SeBg@bsBogs';
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3emadmedgmo  lgégolo (PaaS - Platform as a Service) -
390-dsbogdgmo s Lbgs, dsom  Bmeol, dmbsigdms  dsbgdols
dscmgol  Lobggdgdol  sgqdols ©s  dstgol  LeBysemgdsos
DO de3560 SeBg@bsBogs';

3Gmgesdnmo  Lg®golbo (SaaS - Software as a Service) -
33313370 b6z gmazals 393cmgabgdols @O 70m3960
s g®bsBozs".

333limsb by 3m0b0Tbel, G 0bgm®dszool ,,mGmdgemdo"
33600390567 Lamdcolsls, gfobsdrgl gmgmoals, ogmmolbdgss  9.F.
»356) EOMdgma”, Gemdgmoai 0bgm@dsgools Fgbsbzol g3gmsby oseg
Ladgoemadsls (o63maa 96l s Lo ggmgbeo 36hg35605
sbeseesegnbgdnmo mégsbobszogdobogals, Adgemos(y
303303 9emm  330Gsdmeol s 3Omacsdgmo  fbambagmygmagols
Fgbadgbse s  sbbyMase  LgMomBamo  JsdoBemesdsbrgds  xg®
30093 56 a3bnbmesogmgdaso.

Esbsbegm  a30bps 8360 dbmm, G™I  0bgm®dsogs  sGols
3033mgdlm@o  dg3bogPgdss - ogmGoymmo,  3Gs]Bognmo  ©s
Badbogneo  sb3gdBgdol  mgemlsbmalon, Gmdgmain  sgOmasbydl
0bggm@dszool  dmdmggdol, gbsbgols, gemsdndsggdol,  gsmszndols
s 53306 Bgdommmaogdl,  LgdsbBogmeo  3oBbgl-3Brm(39lgdols
dsmydsogn®o dmegmotigdol dgomegdl, gm®dsema®o a@sdsBozols
s aboggorsotgdamo, ®b09dd-m0gbBocgdnma, 30bemco
©36mM3»33930L 06l dgbdymem LoBsrmgdgdls.

36gdsymemo  sb3gddadom  ogo  gosgme  Femdmawaqgbls
Lolig)gdgdol dstimgols Beogseo mgméool g3nbosdnbd)b.

Fobsdgdsty LebgmaddmgsbgerrmBo  dm(39dnmos  0bgm®dsdools
st30l  Bgdmembadbymo  dodstronmgdgdals gdem o dodmbomgs,
oy Gl FoMdmoeeagbl dstmgol  s3@mdsdobgdamo  Loliggdgdo s

o daomo 138308 3L 0bggm@dsBogol,  sby  gemd3ogd g
39(36096985008  361533¢m Do,
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1.3. 380301 S3&MISSGSNBId IR0
1LOLSJIII0

30(4)003015 o3@)mao(§)o%86‘ago 1)01)(8)38325015 (36360]5 314)0)—314)0)0
geosbogn®o 3363508988, Gmdgmoai 70-086 (emgddo 083330060,
sby  geadl:  ,e@sd0sbms  gmemaddoggoals, sedaboligsommo  ©s
9306030 3¢0-dsmgdsBogndo  dgomegdal,  0bgm®dsgomm  dsbals,
353003000 Badbogobs ©s 30976035306 Ladgaemagdsms
9O0mdeoamds,  Gmdmonsy bodogmegds  m3Bedsemndo  dsGmgs
803305608 13J30s6mdols Lbzsslbzs Lggg@mmao® (6sb.1.8) [12].

E

I -
T "ot

LaF e alode
Aufhiongals apfetiirome ldnihote

Y

65b.1.8. 36930l s3BMBsGobgdnemo LoliBgds

50560301 338™3sobgdmmo Lolg)gdgdols™ 306©33060
0bgeooli®gbogebo  motgdsbo  Bggledsdgds  Automated  Control
Systems.  Loggzs ,.3s60mzs (Control) Fgsdigbon g3t (369050
©s 030 dmogegl dstmzsl Bgdbogn® Loligdgddo (3mb@dGmemo) s
36035 mGs60bsgonm Loligdgddo (367 3969%3568)0). 3335680,
350030l s33mdsBobgdgmo  LobBgdgdo  BobsselmdMogse  sbeams
9969%9968)0L  Lsobgm@dsiom Lolggdqgdols (Management Information
Systems) (36g0sbmasb.

Badbogn®  Lolggdgddo  dstrmzgol  3Gmiglo  bemdzogmegds
00330601 Rstrgzol 36938y (Omdmdndo, Ggammsdmdgdo ©s Lbg.),
380ds(3 s s3BMIsmco dstmzgols LoliBgdgdls fmegdab.

mégsbobaommo  mdogdBgools  sg@mdsgobgdamo  Lolggdgdols
dscmgzol  360mi9ko  0bgm@dszool  sdndsgads  bmdzogmegds
30330B 960l Lodmemadom,  bome  Bgeogagdol  gsdmygbgds s
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630\)3%’&33@0;@3&01} 30933&) 3sd0sbols  dog@ (65b.1.8). 3domds(s
3560030l s33mdsBobgd e  Loliggdgdl  dosgmmzbadgb  ,,esd086-
33649674 Lolggdsms gemsbls [32].

833306080,  dMmzols  s3BmdsEobgdamo  Lolbgdgdol, by
3969%9968)0l  Lsabgm@dszom  Laliggdgdol dotomswo  sdmgsbs 860l
mGa360bszonmo ™09 gdol Lafsddmm 3Gm3glgdals (sb Lsgdosbo
36m(39b900L,  30bbg-36m(39lgd0L)  3gbgxdgbdo. sbgm  Lolgdgddo

30330B9emmo  Bgdbogol s 0bgm@dszonmo  Bgdbmemmaongdols
EsbgMa300  beodzogmegds  s38mdsBoboool  3Omgbo, Ao
3603369mmgbse  3dsmemadl  dso  FOmdols  bsgmazagegdol  ebgls

35630l 3Om(39l900L  bErgergmaol dsbstby.

sbeos  gobgobomme  dmgmae  dsGmgols o3(§m8o(§o°oab‘agmo
Loligndol s dobo 3Ge;algdol  dmegmotigdol ©s @3¢y gdols

dodromse Bgdobms s@lgdo.

Loliggds:  gmgdgbBgdobs @3  dsmo  O00g63sg3damgdols
9O0mdeomdss, Gemdgmbsig odab Lsghmem dobbo s ggbogdo dols
dobsmfggee. gmggm Lobggdsl ol msgolo dmJdgegdols Lsbogdgdo,
30Bb9l-360m39b980 s 30BbgL-Fgbgdo (d0Bbgl-cnmgogs).

Boligndol degsmoamgdas: sesdasbo, Lsbgmdfogm, ©sgmdmaogo
bs30bobBem, 3mO3MGS30s, SgAm3meBo, bsdsgm, Jebsbs, gg@ds,
bssgodymazm,  sggmasdo,  s3dmdmbomo,  FeMsgo, ggbdnemo  ©s
3zt Lbge.

oy Lolgdol dpgmdstigmds o6 o;gemgds ©A™Po, 338ob dsls

bBodoggodl gfmegdgs, bomo ov opgemgds, 35806 - ©absdogm@l.
Omgmeyy smabodbgm, Lolggds Tgoagds bsfommgdolsgsb. o

Lolggdol gl bsfommgdo, msegol dbeog, dgogqds  bsfoemgdolsgsb,
35306 dso  J3gLolgdgdl fmegdgh. o bsGoemgdo  gebuygmagmos,
35306 dso  Loliggdol gemgdgbgdl afmwgdgh. Lob@Bgdsl dgodmgds
293Bbegl  Msdmgbody  Lbgsmslbzs  J3gloliggdol  ©mbggdo.  1.9.
bobsbby Feddmmagboemas Loliggdol og®sdJomemo (0s65303m9307mds,

1sdemqboesb dsmmglbolsgns ©sd3gdmgdscgdals Faloo) Liqds.
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655.1.9. Lobggdol agmemonmo LgGnddnme

6a60ldogo  Lob@gds dmddgegdl  ascgdmdo s SoModoo,
356930 Fgpdemos 0dmJdgeml  Lob@gdsty,  Fgi3gemel  dolo
damdstrgmds.

o 369dml gl BgdmJdqegds boliggdsby oby demog@os, Gmd
030 36 Fga30dmos gamgdgmagmm, 35806 Lolgadsl gfmegds @os,
b oy gl Bgdmdgegds  olgmo  dbodzbgmmems, G ogo
Bgodmgds anmgdgmgymm, 38806 gfmegds Rsggdomo. dsgsmomsw,
3830560l @ b0bIby  ImJdgegdls  gedgdml  gsddmemgdo:  (bg3s,
$99396sdyaes,  3sgéol  Fgoagbommds,  Bgbosbmds.  msbsy gL
B9dmJdgegds  Lsgdsme  dmogos. 3 dbog, s@sdosbo  Igodemads
33630bommen  Gogmei mos Lob@gds. moas  Lolggdol  dsgsmmomos
bofsdm, Gopash dob ggmbdsombomgdsty aogmabsl sbrgbl dsBsto,
b 3693c-30d( mgdemgdo, Bgdwamdo mégsbmgdo s Lbg.

dmegmo.  dmegemo 6ol dosbermgdomo  sbsbgs by
Focdmeagbs  0d  dmgmgbgdol s 3Gmiglgdol,  AmAmgdag
300006569mdl  Lbgemsbzs 099880, dso  Bmeol  dstrmgols
30999890

doegmgdo  s@lgdmdls  Lbgswslbbgs  Labol:  Godmbsbgomo,
dergm-sbagrmygqdo, dsogdsBogamo ©s bz, dsgsmomsw, gememdqlo
Focdmapaabl  ©gesdoffols  Logogom  Fsddmbsbzom  dmegel  —
bgggeml, Gz — Lodddgoo Fodrdmbsbzom Imegml. salgdmdls
Lobeogdol, LaGe®dmgdols, 3008560653980l  dm@gem-sbsemnmagdo s
bbg.
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dcgemado Lo Bnamagdsls 235dem93ls 353013033em0m0
309900l mz0lgdgdo oby, O™ 36 RsgeBetmm  9dl3gM0dgbBgdo

0goom mboad@gb%a, ﬁoggaoﬂ 3;]153860336(5_3)8601) ﬁo@)oﬁ)abo mboaj@gb%a
Beaxg® bagdame dzotos, Boaxgd go Lsghome dgndmagdgemacsss.
309900l dmegemgdols  sggdol 3Gl demegmmomgds
9Toegds. 93mbmdogn®o dsdmgol LoliBdgddo gedmm  as30(39mgds
33035 Loddmgrm@ds, 867 dsmgdagiogn®ds  dmpamotgdsd, Gmegbsg
Boddergomgdols o 236 bmgAgmo ©sdm oegdymgdgdols
badmaemadom  mdogd@ob  gdsgoem @ gedmdsgsen 35615358681
Forcr0l Fobgds 393806900 (F) BsmgdsBogmeo ge®dnmadols bsboo.
9L 3563398900 ™bagdEdo d0dwabsdrg 3Gm(zglos dsbsbosmgdemagdos.
as6z0bomme  beogsse  mdogddo  (6sb.1.10).  Fgdsgsemo
35615398900 sm36086ma X (X1’X2' .. .,Xn)—oor), bogme  3sdmdsgsmo Y

(ylayzy .. -1ym)‘00').

=
- = .
'JJZ: \l‘z; "'J-Z‘
[X — =¥
¥ =% 7| reogseo "1’15_,:,-
_A'_—:- —'.r}":

655.1.10. 3s6mz0l mdagddo

2368 sdols, ®dogddgdby ImJdgadl gsc19dml 3s@sdggdo
Z (21’22""’Zn)’ Gmdmgdags sb93g Fomdmsgbls Bgdogee
356339390 s gogmgbsls  sbrgbl  gsdmdsgeen 35618398698 by).
35306 dmzgdgmo  mdogdBob  dsogdsogméo  dmpgmo,  bmgswo
babom gagodmoas Bsgfgdmn 9dmgan gemEdgmon:

Y =1(X,2
36 a88mogmo Laboo:
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dstmgols mboad@ol} d9dsgsemo 3o6¢88(5_3)5)36015 (X), 2561990
3565398980l (Z), 393mdsgsmo 3563398980l (Y) ©s oo Feodols
393806980k ( fi ) momagbs  [oMdmeggbl  dsmgdsdozm®o
dorgmogdols 33mgaol bagsbl. sdgsds bbgseslibgs dodstrormmadols
dsmgdoogn®o  dmEgmodgdols  ogméos  ggsdmme  3sdmoygbgds
Gmgmeysy  Bgdbommgongdo  36miglagdols, oby  gzmbmdogndo s
3ergmadyo 3meo Labols dstrangols ™d09dgdols dsmgdsogn®o
Imegmgdols sbsggdee [12].

a3630bomme  dsgsmomo. ©s378350, O™ Lafaddm ¢dz9dls N
Lbgeslbgs  Lobol  36mendiost. mommggmo  bsbol  3Gmendos
LoGoedml  odemgal  geblobmgdagem  demggdsl.  Logodms ol
s0gqadml  Lofsédmb  dqBsmds, Omd  xsddo  dsb  doopmls
dsJlodsgrno demggds.

3303mm 83 3O(39L0T JsmgdaBogdo dmgeo.
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117  6sbsbby  bsBggbgdos

3bGoemgddo

0bgJln®o

n, 12

39e2980L  gsblsbmgMs. dsmo  sbadbrmgdss  0begdbydo  geomadols

3q4dbs, G0demgddo(s b Godebgdo (3sBols Bsbs§ 96900)
3 qbe0oggds gemgdsemdon (Desc) s6 bésomdon (Asc).
] - 0
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PK St ID
Gvari Jgufi
Saxeli
be Sqesi s PK | Jg_Nom
DabadTarigi > .
|2 Qalagi 12 Kursi
Tel Spec
e Mail stud_raod
FK1.11 |Jg_Nom 11 |ena
o 0 a
4 » M| Page-1
Categories:
Definttion Disp. name: n
Columns
Primary 10 . Index name: | JGNOM_ST [+] New.
E:}%TF?QE;:; v Index type: | Mon-unigue index onby IE' Delet
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MNaotes DabadTarigi ig_Nom B asc
& Mail Q
Gwari
Qalaq_i Q
?;;seih Remove Al
St_ID
Tel

656.1.17. 0bgdlnto sBA0dndgdol 3s6Lsbmgds

dmbs3g8ms  dgdbols  (Find)  @shfstrgds  beadrzogmmgds  sbigm
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18. UML-R0836%533501L 30%3RIAH0 533dS
1.8.1. Use Case osgtsds

30M39mo  ©osa®sds, Gmdgmai UML @gdbemmemaoon  bos
s0aml, 860l asdmgabgdon  Fgdmbggzems (369(302968900L)
UseCase ©osg@sds. ogo  Gmemgdols  (Actors) s  ogmbgi30gd0l
(Actions) NO00gOnEs 3333060909mo  gdss (656.118).
UseCasel 390360l dbomme 3063900 Geagols, beagner UseCase2 —
ol Fgleliernmgdmae (')14)033 Ao dmbsffoemgmdls.

[H uML use Case {Metric)

tl Package __» Use Case %

o= Interface | Communi,.. = Extends USECESE’} /i
P es oY=En [ Constaint

Bouwndary
2-slement OR E geCaggE ><
[ Mot ™ Constraint | i Constraint u {% *
Actor
®
Actord

—

605.1.18. UseCase asgtadols saadal obgg@ggobo
1.8.2. Activity mosg6s8s

30Bb69L-36m(39L900L s 30BbgL-Falgdals as(36mbals, sbsemabols
s oG nemmo  ge@dsmobsegool  Leggudggeby  soggds
sJ&onemdol, 6 Jogegdsms  ©osgMsds. ogo  3mbiMadmmo  Bmmol
(Gogdol)  gebg@gdamo  gbjposs,  Gmgmo  Fgrgagds
0gésé Jormse Loghggbs ©s ©MmBo Esmsggdnmo dodeggtmdon 36
3863 @se  dgbsbegmadgmo  bigd-Jdgegdgdoliasb. o4l gomo
Esbsfgolo @ M3dwgbody Fglsdme  sbsbgmo, dabbyl-Fglgdom
236Lobmgammo g4s69@mgdols 36 Fgamgdol 3Gmgenagdo, LsFygolo,
Fnemgen@o o6 Lsdgogam ©m3ndgbdscos ©s 8.3. (6sb.119 s-3).
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[E uML Activity (Metric)
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daaggbomo Q\)Oéaﬁ)daé 8086"30)86860 36)(’)831}3601} dQva&)O’lﬁ

06530376 dmegeb, ogo sbsbagl bsggmgso mdogddol Ji39390.
sbgmo  obsdoggdo  dmegmgdol  3Gm3gbgdols gsdmbsgemazece

a93m0gqbgds 398®ols Jlgmagdo [19,44].

bsdmmmene, 3 oo bsbols (UseCase, Activity) mosgsdsms
9Onmdeomdol  sbagmobols  Loggdagemby  ggoegds  sligsbgdo
LosgBemdsobaigom  mdogddol dstmzgol Lolggdol o3qbJzombsganeo
s 36138396 J(30mbsgr0 Imobmgbamgdgdals gsblsbmgMals Bglsbgd.

sds30Mmmmse 3908 dmdsgamo  3Gmg@sdnmo  boliggdols
3q4dbols Badbogneo 835em9ds Fglsdsdols 9306030 376
35363560389890m36  gPmse,  OmIgmo  ©333390  mdgsbobageols
bgmddmgsbgemmdslonsb 3BLnmds30980l  Fqdenga m®IbGogse
38 30(090s. 530ls 3990099 offggds 509Jd-m60968)0698mmo
bsmobol  gBsdo, Gmdgmbyi  soggos  LoliBgdol  dmdbdsergdgmmms
obBgdsdBongmo  gdgdo:  dodwgz@mdomo s m3bsdmJdgwgdols
os3Msdsms Laboo.

1.8.3. Sequence s Collaboration wosgtsdgso

300093630030 0s3M3ds  s@Fgdl  LedOmdmgde  bggdmls
3063098 mmo  sdm3s60l gbammagdol L3gbsdl. o brgds Gmemols
Lolig)ndsbonsh  tmoghmddgegdol  d0Bbgl-3em3glol  Jdgegdsms s
dsmo  ds0bo(306989m, LobJOmbnm 86 slobJ@mbyem  gBgmdabgdems
3o dodhzmdom gsbmasagds.

[E UML Sequence (Metric)

Lorfilﬁ |:| Activation i‘ Lifeline
H
: e { Otiecz || i oten | i Otiead |
) (el I : I
L L
. Message = Messzge - Mezszge An?r‘l i | I
{retumn) {retun) (async) Vessagel ®
et s | !
[ Constzine [ Net= w f:jlz;irrtt ; | Message2 T Jf
= 1
o OR = § L I k
Corstraint ) 1 D Messaged
i ki
1 Messaged |
r | Megsages ):<
i : ; x
M Messaget i

655.1.20. Sequence wosatedol s3580l 0b6@)gG5g0Lo
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1.21 bobabBy bsR3a69808 0365dmJdgeadols osgsdals sg9foals

0bligOmdgbdmmo 3sbgmo (8) ©s 0300 osa@sds (3), G™Igemacs
Fqledsdolo  dodmgz@mdonmdols 1.20  ©osgcsdols  B@sbbgmedszoom

of6s  domgdmmo. s  FgBgmdobgdsms s Bmbszgdms  gs(33ee0ls
3000936035 sy EAMTo  Eisgadmmo, sGsdge Rl gemslols

309d%g0L  dmeol 393906930l s abgm@dszmommo  bsgeadols
353320l bgdsb@Boge.
[ UML Collaboration (Metric)

B & S [ weos.
w” ':i:‘:-‘amn D Constraint D MNote

Z-zlement o, TR
Constraint Constraint ;,)

FF]'H|.|.|I|.|.|.|.|?ﬁH|.|.|I|.|.|.|.|F|[

6s5.1.21. Collaboration wosasdols s3730L 0bBgtsgobo (s)
s bgdob dspsmoma (3)
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1.8.4. Class- s Class-Assotiation osgs3g30
JQOBO 3&)0)6806)(")306 mboad&mo 3&)0)(")6(:’0(")601}
LgOddnemss. dsgemomse, gzgms dmdsemsdy (bmasmse  gelemb),
b meab®goo, mmgddmegdo, s38mdsbdsbgdo, (3bmggmado s o.9.

B9dabo ,,3emsbogozsos” Lfmege  asblsbormggmo  bggmmls
309Jd 9000 Bolig)gdsodyn® 30 90z gdsls 99Lbsb@ads

(396g6smabszos (0g®s6rJosBo 296Bmasm9ds b9300) ©s
U39(30503508 (09636 J0sBo  gdsmmabsios  J3gz0m)). MsVisio-8o
3oligdol s ymslmsdm@ol  333806gdol  dmegmomgbolmgols
asdmoggbgds Static Structure obb@B)Gd968)gdol 3sbgemo (6sb.1.22-s).

[F uML static Structure (Metric)
=
tl Packaos % Clzss Datz Type @—— Interface
- . k- Binzry -
% Interface <= Generzliz... A =tian I Compositi...
Assoriation

= =
“—é—" Class ===% Dapends... Utility Subsystem

="} Parzmet... T - Bosand .
Class ? Binding =l Element B3 ote=

m

L wink —?— M-ary Link Metadass [=] Signal

% Exception  -2% Trace 523 Refinement T5 7% Usage
D Dloe D S - éjnlirt:: ;; - ggrst’eir.t
:Eietbn <_$_> .ECIESS a)
6s6.1.22-5

309Jd)-mG0gbBoMgdamo  dmegmotgdol s 3Bma@sdamgdols
3939000, gemslo oGl ,,8bsbgemgdol®, ,,3mslol dembs(393980L™ s
»3sbol IgomeEgdals 06 3sa3limmscz0s.

ds6mgzol  Legg®eb  dgbsdsdolo  gemslo, Bmgswse sby b
3990m0g7G9dmeEgls  (656.1.22-8).  3mslol  sB®0dndgol  gqlsdsedgds
3m6¢838mo 3933910 Bodo (int, float, string 56 bb3.) ©
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,»bogmgsemdol® (,,- private, ,,+“ public, ,#“ protection). slgsgs
3ol Igmmegdalimgolsg.

Class1 Jeosliol baboemo
L1d1 :int
+A - string sepsliol
+B : string s Bmbigofndo
#C : short
M1 {:] Frmsliols
-M2() Soommota

- 3)

605.1.22. 0b6358Lms30s
geosbol  dgomegdo (6 gbizogde) ol 3Gmg@sdnmo
doenmgdos, Gmdmagdag 8378s3gdl 83 gmsbol dmbs3dgdls. dsmo

abogsnsmobszos bogds 256190036 3q0mlsgemo 393 gmdobgdols
boggdaamby-

Claset Class2
L-ld1 :int
i Id2 : short
T8 et Sbrgosaos +D : string
=B : string = : ring
#C : short . i :
+M1() M3() : float
1 1
B0B3znemo BFHBAGes
ot * *
Class3 Class4d Class5
-1d3 : int
#+F o string
+G : float
+MS() » it a)

655.1.22. jemslimsBmealo 3ozBotigdol wosatsds (3)
33lgdlidm@olio  3s3datgdo dgodemgds ogml: 39333006 moma,
539358 M0, Gagmson®o ©s sbemgosgog®o (6s6.1.22-3):
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o 393330Mgmdomo  (Generalization) — sLsbsgl 396980396,
336 bmgemgdnm 353806098 gemsligdl Fmeob. slge el gemo
3esbo  (,,830m0)  doemosbse ogdl dgmerg  geslols (,,38mdgmo®)
g39eos sBGodgdls, Ignmel ©s 3sgdoals;

o satga0tgdmemo  (Aggregation) 6036s3l 393806l gm0 -
0 oema®. dsgsmmoms, ,,83E™dmdomo” - ,,dscrs, dMsgz0, Lsdm@sggdo
s 8.9.5

o sbogosogo  (Assotiation) 603653 bgdgbdogne 3938061
3eoligdl Bmeol. ol Jgodmads asdmolebml gfm- 36 mEIadstrog-
magdosbo (030399, 33  Poldm)  bsbom. olsto  g30h39690L
B9Bgmdabgdol  asrs3gdol  dadstrormmgdsls.  sbmasion®o  3egdodols
Ggomobgds  Brgds  ghm  gmeldo  edsigdom  dgméy  gemslbols
sBG039OEol Bslidom. gl 33o3L 306zgmswo (Primary) s dgmseo
3oLsmadado sB®adndgdols Bgg@mgdsls;

o Ggmogomdo  (Dependency)  6086s3l  ghmo  gemsbols
sdm goegdamadsl  dgmegby. ogo  gOmdodseorgmadasbo 3B 0mo
olidoon  gsdmobsBgds.  dsldo  @sdsBgdomo  sds3egBotgdgemo
s G0dgdgd0 56 asdmaggbgds.

123 6sbsbby ol comgdamos  gmsbos  sbeygoszools
©033M3ds 39933000 9m30m0 393806980 Laggrdggm by, obsdo
d0dsGrormemos . 330086, q00li396%, s dso  (3eembsbs
2880 goadmgdsty  ddyagmadl. B30mb™ Jgagh ghmo .eges”
boyme 908 Fgodmgds 3gsgegl Gedegbody ,,d3000%, s3oBmds(y
b sM8s (39ebsbs.

d3mdgmo  gmslo  moBe®sB®sdo  begxg® ,,09803mslse"
(MetaClass)  3mobligbogds, Gmdgmoz  dgoaads  Jaggersligdoligsb
(SubClasses). 8godmgds 0g@e6JosBo  J393m0b0 ogml 3ol 39300
doasto  gmsbolbogol  dgBegmsbo.  dsgsmomase, SubClass_Student
5@l 4393000 MetaClass_Person jemsbobogol s, sdszotmamso
030 860l dgBogmasbo bsdo  Jgggemsbobogols: Bachelor, Master s
Doctorand.

03039 990dmads omdasl gemsbgdolimgols:

Metaclass_Person <- SubClass_Lector <- {Full_Professor,

Assoc_Professor, Assist_Professor},
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basy Gmmgdo sbgs asbsFoemgdaema:
»0dmdgemo‘“-Person, ,,d30emo"-Lector ©s ,,d3000330emg9d0%
Full_Professor, Assoc_Professor, Assist_Professor.

smetaclasss

metaclass_Person
-Person_ID : long
+Gvar © string
+Saxeli : string
+DabTarigi : string
+35aesi - byte
+Misamarti ; string
#Damatebal) ; void
#Modifikacial) : void
#WCashla() : void
+Cakitva() © void

SO AT I8 SO .- % W

SubClass_Student SubClass_Lector
-St_ 1D ; short l-LectorlD : int
+UniviD : string +Katedra : siring
+FakultlD : string +Statusi © string
#GrouplD : char [#Xelfasi @ double
+Kurs : short +Lekciis_chatareba() : void
+Credit_yidva() - float #Stud_Shefaseba() : short
+Gamocdis_Chabareba() : short | |+Xelfasis_angarishi() : double
+Semestris_Daxurva() : void

o |

Bachelor Master Full_Professor

Doctorand |Assoc_professor) |Assist_Professor

60%.1.23. Class-Assotiation 05368y 35333000 gmbomo
3933065300
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1.8.5. Statechart osg®sds

SM(BOJOUBOB QOO&&)OHU&OQOG OQ&){] 60630}’)0(}\"30) ;_‘]380\)3600)0
(Activity) eosgcsds s obBgtsddonmo (Sequence, Collaboration)
033633900, s@Lgdmdl  gorgg  ghmo  sbgmo  Labol  asg®eds,
3eabgdals Bramdstgmdsms asg@sds - Statechart-D. ogo so{gél
99009390, mdogddms Bgmdsdigmdgdl, deamdsdgmdsms gesligmgdls
s dmgmgbgdl.

1.24-5,8 6sbobgdbg 65R3969008 06l dgbdynmo 3sbgmol s
3amdsergmdams ©asg3sdol gMegdgbBo bmgswo dsgsmomalimgol.

) UML Statechart (US units)

) Sete gg{fm @ il Stzte

Stale1 %
@ Finzl Stzte —} m Transition %
. . o
Transition Transition - [3tmberngdls Gigaogds 7]
(Ferk) (i) ision -
Shallows Desp . I\l}.rmhl l.‘lﬁfl.}]
H] History H History D Constrint
2-glement
D Nate m Constraint I}: Constraint [yﬁﬁgfﬂﬁgbnmf})k_“_ —\%
Stated
b) et
% State? % [Aamaan s6oh ?]
S

[onab]

Bsb.1.24, Statechart—ob 3sBgemo (3)

@3 e sEo Eosptads (3) | stated £ D)

e

dobo  aedmggbgds  gggems  gmsbologol  stwss  Lagodm.
somgdgmos  Ibome 33806,  AmEgbsg  gmsko  Jgodemgds
0dgcmggdmeEgls Msdegbody dgmdsdgmdsdo ©s mommggen  dsmasbdo
dobo Ji3938 0yl Lbgseslbgsbsoto.
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1.8.6. 3msbgdols osatedoesb 3Gmgmadamo
ool 496965308

05653906037 CASE-$946cmmmgogdo, Gmdmgdai bob@gdgdals
©a36m3¢33930L  838MBsobaoebgs  mogbBoMgdmmo, dsgsmomsw,
Rational Rose, Visual Paradigm, Enterprise Architect s 3sgsmo
Lbgo [42], sbeoé309e09896 6939600 363 M3dgdols
300399305, 36+ 3ealigdols 03313300056 Aglsdemagdgemos
3Gma@sdnmo  gmeals agbg@sios s 3oModomss, 3MEoEsb  sogads
33BMAsB M 3M385039m0 033M33s.

MsVisio o6 8og3m0m3b690s sbgmo Lboddemsgol oblid@rmdgbd)l.
dobo  LaByemgdon  @osrmg®  Gg70d80  obsbgds  @osg@sdgdo
(UML-0ls  Lsbostrgynm  s@b0d36sms  beg@msdm@olier 6eédgdom),
353653 gmals 396968308 36135 Fglisdemadgemo.

Ms Visual Studio .NET Framework-obogols 8g4dbogos
oblgOmdgbdgdo  ©s  dsmo  abggadsioom  NET 30693030,
Bqbademgdgmos  osa®edgdoesb  jmwal g9ba®sos. sbgmo  3s3qd9d0
gmggmmgzol  gsbosbos  ©s  dgoMsemotgdamo. s  asbzobomsgm
SparX go®dols Enterprise Architect 3®menddol 3 3063698 me
396 iosl, gemsligdol  ©osg@sdowsb  gmwol  3qbgMszools  sdm(3ebalb.
1.25 6sbsbby bsBggbgdos 383980l s398sz9d0L LsFgobo agzgéwo.

L& 9) Enterprise Architect vemion ao Search: I:l
i
=| Manage Projects =7, Recent
=t Open a Praject File L1 2Classes
%] Create a Mew Project L1 giasylab2
L] Copy a Base Project L] EAExample

Ll Connect to Server

Help

& Getting Started

:}é} Configure Options

&] Online Resources & Tutorials

J Enterprise Architect Community

6s6.1.25. Enterprose Architect bsfgobo 33360
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3slbms osg@sdals 33980l 06l mIgbadols 3sbgemo.
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E31  Package SR A AR A
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~—@ Interface . ’
= Commaon
Data Type
— — 1 —
i =k = A—
Enumeration = M A &= B
[  Primitive % B @@
& Table
o = T
= _ i I T
Signal
S IF =+
'<;>' Association i
6s6.1.26.
Al = - EA
ErOJact Diagram Element Tools Add-Ins Settings Wirdow Help
E3 sdd Package... Crl=W  jppn11 - = i df [ Getting Started - 5 -
=] : —— —
T3 Add Diagram... CEInee 2 | ngical Diagram: "Class Model" created: 2/24/2013 1:17:52 PM m
Add Element... Ctri=M  prstodle...
Documentation 13
|C__EourceCodeEngineerirE__:) 3 @ Generate Package Source Code... Cirl+Alt=K
Execution Analyzer 3 Syncaronize Padeage Contents... Chrl= Alt+M
Database Engineering 3 E Impert Source Directory... 5 Ctrl=Shift=U
Transformetions 4 «agents
Model Validation | 8] Student agerts
i 3 Jgun
Web Services €] columns g
MML Schemra L3 @ S DabﬂdT]l’lng.StI’In; <Column s
@ i el_posta: string - JgID: unt
Security * o | JGWIFS_*F'rlg + Kursi: short
Wersion Control 3 ) f‘?a':eli.' Lsutr:ing + specialoba: sring
=l StudOrdgun X
Import/Export N & M siring < g # StudRaod: short
Ao n rhp - BtudiD: int
Manage Baselinzs... Cirl=Alk=B Q =tontrolOperators
A R - Delztel) void
3 Use Case Metrics... % ecogte?ég?ﬁg?? # Insert(): void
Project Stacistics... i N =it # Modify() : void
| (e & |# Insert():void . .f(}
@ B B @ATmT |# Modiy): void IS
+ Select() :vold
olACCessn
+ Seect(): void

6s6.1.27. Student s Jgufi gemslgdol 3md3baggds ,,Code Engineering™

36migbobmgols Enterprise Architect 30693mdo
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Import Source Directory-ols sébBgzol 393y asdmgs 1.28
bobabby  boB396g30 by s,  GMIgmTaiy  Mbes  gsbolsbroghml
bmgog®omo  360336gmmgs60 35639860,  dsasmomsr, gbs  (C#),
dmdsgemo  gmwol  Fglsbsbo  spaomo  (podgdBmes)  ©s 5.9,
degmeals ,,0k “ggo dogoegdo 1.29 6sbsbby dm(399me Bgegab.

Impert Source Directory = ﬂ

Boot Directory  D:\Gia"BROCHURE\Bolch_2013%EA Projects

Source Type ‘m File Extensions -

Defined Component BExdensions: Mone.

Recursively Process Subdirectories
Create Logical Diagram for Each Package =

Import defined components

] Do not import private members

Package Structure
() Create Package per Directory Options

@ Create Package per Mamespace
() Create Package per File

Synchronization
(@) Synchronize existing classes
() Owerwrite existing classes

Remave Classes not found in code I
@ MNever delete
) Prompt for action

) Mways delete Help

655.1.28. asbobsbrmgtml C#-3mmpali atgdmeos
Reverse Engineering Progress @

Curmrent Action

Resolving relationships
Impart Complete!

Cancel Import
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obms  gbes  Rsgptegl qdmemme  gmeals  agbg®szos
Gobslifoer  3mdbagdmemo  (Student-Jgufi) gemsligdol  ©osgsdowsb.
395JBogendo 3emslgdl s dembols dsrxggbs @oamszom gsdm@sbog
39689JbB 60 39bomwsb 306h730 ,,Code Generation®-L.

|8 Align Left Chrl+Alt+ Left
+3 Align Right Ctri=Alt+Right
T2 Align Top Ctri=Alt+Up
Add-Ins 3
X * | I ’
«agents Space Evenly -
Student | 71l same Height
«tolumnz 4 same Width a
+ DabadTarigl s On s,0e Height any Width
# el_posta: string
+ Guarl sting | 23 eeature visibili Ctri-Shift=Y
+ Jg_ID: uint ﬂ ty ng
.+ Saveli: str_ung | AddTagged Value.. t .
+ Sqgesi: string
- StudiD: int Autosize Alt-Z
— 1 Appearance 3
«controlOperators
- Delete(): void Make Non-Selectable
# Insert() : void
. . Dockable
# Modify() : void - =
-MEZISST . &7 Code Generation > ¥ [ Generate Selected Elements |  Shift-F11
+ ect() : voi
0 Transform.., Ctrl+H Synchronize Selected Elements Ctri+R
i Copy
¥ Delete Selected Elements Ctrl+D
655.1.30. 3ol ggbgtaiool ©affygds
= 1
Code Generation b| @ Generate Selected Elements Shift+F11
Transform... Ctrl+=H | | Synchronize Selected Elements Ctrl=R |
L
;
Model synchronization - N f IEI
Curmrent Action \]!/’

Synchronize selected elements:
—synchronlze Student
Synchraonizing: Class - Student
—synichronize Jgufi
Synchronizing: Class - Jgufi
—relationships for Student
—relationships for Jgufi
—inking with existing attributes
—resolve generalizations
—resolve realisations

Synchronization complete!

Cancel Import Close

6sb.1.31. sbgmmo gmg8gbBadol LobjHmbobaiool Bgmgao
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doogmer 30Bsby  Legotims  gsdmgoBebmo 306  3msbgdols
3sb3By a969606098mm0 gmeol moliBobagdo.

Add-Ins 3
(& Properties... Alt=Enter
e “
zagents Transform... Ctri=H
SALLEl Embedded Elements ,
acolumns ] L
L Attributes...
+ DabadTarigi: st “ t
# el_posta string| =% Operations...
+ Gvari: siring = A .
Feature Visibility... Ctrl=Shift+Y
+ Jg_ID: uint @ i
il SEIEI,': Str_lng L; Generate Code... F11
+ Sqesi: string
C StudID: int |_1L synchronize with Code ... F7
; ; IWUFCE Code... F12
+ Dispose() : void
+ Student() Execution Analyzer »
- ~5Student()
zcontrolOperators | (4 | Lock Element...
- Delete(): void >
! Selectable
# Inseri() : void
#  Modify() - void Dockable
=ACCESSe Appearance L4
+ Select() : void
F}, Z-Crder L3l
UML Help

656.1.32. jeaool a3mBebol 396]G0 dgbomTa

1.33  6sbobby boBggbgdos Enterprise Architect as693mdo0
Student 3mslol  ©osgGsdoEsb  s3BMIsHEO YO 39bgPotgdmma
C#-gmol Lafgolo Bgdldo.

Qb ol dsé(3bgbs 65foemdo dmmsglgdnmos Student gemsbols
3o8Lgms,  msgolo  dmbs;zgdgdom s dgomegdom, dser ol
36LEHONIEHmO00  ©s  EglgOdEmeon  (gomegde,  Gmdgmoss
843 3emslols o@gbdmmo Lsbgemo).
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QbR Mol sy 396s bsformdo Loliggdsl asdmsdsl 3Gma@sdols
Badbdo, Gmdgmo Fgeagds 3mdgb@edmmo bsfomols (b odmbgdo
1-7) @5 geosbol sofg@ols bsfomoliast (8-31).

@ 2Classes - EA Student.cs

wEE 2-BE % g & B
= E [student
iy DabadTarigi
i Gvari 3 Il'p_EII'F"'t.E‘.t. on of the Class Student
w Jg ID 4/ senerated by Enterprise Architect
i Saxel S/ 24-Feb-2013 2:26:10 BM
W Sgesi 6 u
@ StudID T i fririirriidirfiiiiierirsfy
i@ €l_posta 8 public class Stadent {
& Delete() 9 public string DabadTarigi;
i Dispose() 10 protected string el posta;
& Insert() 11 public string Gvari;
& Modify() 12 public uint Jg_ID:
9 Select() 13 public string Saxeli:
iy Student() 14 public string Sgesi:
iy ~Student() 15 private int StudID;
16 public Student(){ }y // constructor
17 ~5tudent(){ } // destructor
18 public wvirtual void Dispose(){ 1}
19 prlvate void Delete(){
20 £ . code-1
21 }
22 protected wvold Insert(){
23 . code-2
24 1
25 protected vold Modify(){
26 & . code-3
27 }
28 pa.bl:l.c wvold Select(){
29 I . code-4
30 }
31 }//end S5tudent

655.1.33-s. C#-3mr0l mobobao Student 3sbobogol

3m3g3bm  maliBobado  dmzgdnemos  Jgufi gemsliols  Lafgolo
Bodbdo.  ofoss  CHgool  Bofbho  Fmagds  3m3ghhetrgmo
6ofaraligsb, m3gmdagy sbsbgemos 36 c8dols Beagago
dsbsbosmgdemgdo,  Lobgmo,  obligEdgbBo,  dg4dbols  msGopo,
33BmM0.  30macsdols Bgfbo gemologn®o ge@dsBoo  smoffadads

58

Created with

i nitro™"

professional

download the free trial enline at nitropdf com/prafessional



JQQBOB 36)50033360 Bogmgoggm&)h private, public © pl’OtECtiOl’l

sB®odnBdoo. Fgdrgy dmliegsl 30blGnddmeols public Jgufi() { }
> EqlgOgddmeaol TJgufi() { } LEemogmbido. Dispose() dgmmwo
353m0gg6gds  3Mma®edals  Fglidrmegdol  sdmeggdol  Igdwga
039M3(307e00 Loliggdols doge 259gerIgogno Agbmebgdols
3obsmagolinagmadmase.
T T
// Jgufi.cs
// Implementation of the Class Jgufi
/I Generated by Enterprise Architect
/| Created on:  24-Feb-2013 2:26:15 PM
// Original author: user
T T
public class Jgufi {

private uint Jg_ID;

public short Kursi;

public string specialoba;

protected short StudRaod;

public Student m_Student;

public Jgufi) { }  // 3mbLEHOWIGH™G0

TJeufi) { 1/ ogbOddaco

public virtual void Dispose() { }

private void Delete(){

/] ...code-1

}

protected void Insert(){

//...code-2

}
protected void Modify(){

// ...code-3
}
public void Select(){
/] ...code-4
}
}//end Jgufi

33000 8333m33M9m Rggb Mbogo(3009dmmo Imegmotgdol gbols
s dobo 0bbEdgbdgdols dmgemy smfgde.
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II 3330

0335006 NIMS0S (3SLMd&S030
3MILSL IHIBOL LOLSIITB0)

2.1. 35LMBd&030 3MILSL VHIdOL IMKRIIBO:
B350 3606603350 LS NIMGNI0 SLIIISIBO

ssdosbors  3GdBognem  Lsgdosbmdsdo g3bgmgds 39360 algmo
36migbo,  Oemegbsg  dmdbsbydy  Lednemgdgdol  dgbeoenmo
GomEgbmds  gdlsbyegds  dsbome  dmmbemgbomgdgdl.  sdslmasb,
B3gmmadtogo dmdlbsbady LaBdmemgdgdols Gamegbmds 39308 Mu3@m
bsgmgdos,  goey  dmobmgbormgdsms  Gsmegbmds.  dmdbsbyeg
badmaemadgdols  Igbomonmo  Homegbmbdomsb  gsdmdwabsty),  Abrgds
dmmbmgboemgdsms Goggdo dmdbsba@gdol Lggmmdo [12,36,37].

dsgamomse: - dgoeggmns Mogo oo Lelg@bsnm dsmsbools
Lagmstimbosh; - Bgmgzobemeigdol  Gogo, Gmdmgdo  Lagodmgdls
35613397 B9390988L; - Lsdmdemsdm  m3008960bs3980L  wama0
o S9Am3m®Edo, GmImgdo  gmmEgds  sgdgbols  bgdedmgsls;
- 366899801 9O0Mdromds, Gmdemagdags a3dbsqdmmos
3M3309B960%g LatrgsemoBszome ©s .9.

gl dsgemomgdo  Fgozegl  dmdbeby@gdols  asblbgzeggdme
gobogne ‘Fobssd . donbgosgsc 5dolss smdcmhbgos, 6nd
dcdlsbydgdol 83 3Gm3glgdol  sbsbosmgds  ©s  dse Bmeols
393806980 dgodmgds  38399010006mm  gAm0  GmEIsE TG0 mgmeols
BsBnBo,  390dme,  dsbmdMogo  Imdlbsbyegdols o6 Moggdols
09060530,

3sLmdM0g0  dmdbsbggdol  mgmeool  dotomse  sde3ebsls
Fot3mapanbl  m3Bodsemnto  GemEgbmdmogo  sdmowgdnmgdols
sEgabs dmmbmgbgdols gdsgsem bszeel, dmdbaby@g Lednsmgdgdls
s Jobmgbgdol  gsdmdsgeem  bogsl  Bmeol. 83 sdea3sbols
960—gmo  doMomso  ®me30badn@gds olss, Gm3 dsmdo  dodwobstryg
dcgemabgdo  Fgdmbgazom  bobosols s@ségdl. 396dme, dnmbemgbsms
3gs35m0 bogso Mol dgdmbzgzomo Lowowg. dmdbsbndgdols o
satgmgy  9gdobggzom  bopoegl  GoMdmsmgbl s sfgesb
398md0bscryg, asdmdsgsmo bszeaz ddmbggzom balosol s@ecgdl.
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3sbmdcngo  dmdbsby@gdol  Lolggdol  (3dL)  begswo  gds
der(390ge00s 2.1 bsbsbBy.

dodbaboiy  gadedagapmo
\E'L""n‘d" . ba Jamo

dndagammn Ba oo

A ALY

i
WS

£ ALY

|_ L
4—derd s n m e
—Aedlabyfgdol b 'Isé;]ﬂ

60b.2.1. -0l beogemo bgds N-dmdbabaey bymbsGymma (3b)

3353030 dndbsbygdol Lolggdol dotomse  3m33mbgbdgdls
Fo63mapanbls dgdsgemo bsgemo, Gogo, dmdbsby®adols Ladmsemadgdo
s 333mdsgseo by geo.

Fgdogemo  bogswo  Ygoagds  dmmbmgbgdalsgsh,  Gmdmadacs
dgeol 3db—30 ImdbsbyMgdabsmgals.

dobmgbs 860l dodstrmgs  dmdbeby@gdols  dmmbemgboemagdsms
slss 3dsgmagaem gdms.

@ogls  Fgoagbls  dmmbemgbgdo, Gmdmgdoi  0dymazgds  3d—ols
Lolg)gdedo s germegds dmdlbsby®gdols sfggdsl.

aodmdsgamo  bageo  —  dmmbmgbgdo,  Amdmgdo  Bmggdls
Lolig)gdsl, GOmgméyy dmdlbsbamgdol dgegase, sbggg dmdbsbymadols
3561937.

3d60gse,  33L-3o  dodpabstrg  3Om(3gligdo  asbolsbmgdgds
399 bggz0mo B JEHmegdom. sbgo 36390900 9T eoegdsm
399mbggzoma. QIPYLTOTE (36mdogmas, Loligndsls sbslosmgdls
06530 3n6mdols  mz0lgds,  GmImol  mebsobdswsy  ogo  o3mgds
©Amols dobgrgom. g.0. gerseol gemo  doamdstgmdoesd  dgmegdo.
oy gl goeslgmado Bgdmbggzom bsbosol s@ecgdl, 35806 3346,

61

PDF’

nltro prcﬁ@%s ona\



A0 Lob@)ndsdo be@zogmegds d9dmbggzomo 3Gmglo. dsgsemomals
Loboo  Fgggodmos  asbgoboemmo  dmdbdscrgdgmms  dmobmgbgdo
3s1—do, AmImgdoz Bgodmagds  ogmls  HgaemsdgbBocgdnmo  (GBmgs
993390980 Bgool @Ol godlbodgdmen  3mdg6@do),  sbgag
Fgdobggzomo  (BmEs  Bggzgmgéo Igeol  emol  69d0Ldoge
903968 30).  gobsggdos, @3 83 Fgdmbzg3e8o  Imobmgbsos
dcdbsbygdols 3Gmiglo dgdmbgggomos.

oy Boli@)gdols 90935350 damdstrgmdols 303500055
sdm joadmemos dbmeme 3§ dym doamdstrgmdaty (§obs
dgmdstgemdolash  Esdmygogdemae), 35806 s Bsergmgols
36m39L90L  fmegdgh. dsergmzols Fgdmbggzom  3Gmigll  gfeegds
36migbo  aligtgdnmo drgmdstgmdgdom, o Lolgadol gspsligms
9600 damdstrgmdosb dgmegdo beodr30ge0g0s 6ol
ob3Og8 e dmdgbBgddo, g.0. babBmMIgdom. dstrgmgzol Bgdmbggzomo
36m39bgdo  asbobogmgds  sadgmzg 9T 93980 dramdsdgmdgdobsmgol.
83 LolBgdgddo gmo dramdstgmdoest dgmegdo gsmsligms bogds
IFymdcs.  Fgdmbgzgzomo  3Meigbo  Bgadmgds  Gedmgergobmo
atg0l  Lobom, Gmdmob  3F39630madn  sbsbsgl  dramdstrigmdgdls,
bogoe  Ggsmgdo  gomo  dgmdsdgmdoest  dgmégdo  gsesligemadls
(656.2.2). S-0m0  3p60Tbem0s

Bolig)qdols i-‘gtﬁo damdsdgmdas. @
o Loliggdols 9600 A

damdscrgmbowsb dgmergdo @
aosligems bogds ecmols
335369000 336 beg@rmem
3139963960, dodob sbgomo
399mbggzomo 36 39b900
§o63maa 96l 36e(39b90L

ol 3698 7m0 ©AMo.
oy Loliggdols 9600

damdstrgmdoesb d9me5do 1§

aosligems bogds Aol

399mbggzom 33967090, Bab.2.2

35306 sbgmo  3Am3gbgdo  Fetdmseg bl 3mgaligdl Fy3ad0
©EOMO0.
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35613093015 3930393000 3639900 ©ols3098 o
doamdstrgmdoms s EOmom,  dgodmgds  FoMdmeagboem  0fbsls
Sl, Sz""' Si,..., Sn damdstrgmdsms dodwgadmdol Leboo:

S,=»S,—>..»S5S>..>S (2.1)

Beogee  99dmbggzedo  dodwgzdmds  dgodmgds  agmb  6580bdageo,
90. Lobgdols asmslgmgdo Bgadmgds asbbmezogmegls  6960ldog®
doamdstrgmdsdo,  dsom  Ameol  olgmdaig,  G™AgmPoig  0dgmgds
Lob@gds. dsgsemomase:

S—>S,»S5,>S5—~>S5~>S5—>S, (2.2)
QPO 33603670, Bolid)ndgddo ol 3698 7m0
doamdstrgmdon  ghmo  dpgmdstgmdost  dgmégdo  gsesligemado
beodrgogmegds  bsbgmdgdom, doggdom. o7  gmggmo  doxologol
b6ad0lidogeo Si damdscrgmdoesb SJ. doamdstrgmdado  gomsligmols
3e0dsmmds 36 oMol ©sdmgoegdnmo  adsby, oy Gmamé  dogows
Boli@)gds Si damdscrgmdsdo, dsTob  slgom  dodregzeimdsl  gfmegds
35330l xog30.
3561330l X330l 3bsgmobols AL, M0NM G0
aoEslgemobsl  bshggbgdo bes  agmls Kij bs ool 0bBgblom@mds,
O0dgembsz  Lob@Bgds  goesdysgls
/’/‘—Tu-\“‘;\[@ Si damdscrgmdosh Sj -do. 7\,ij
0bd)gbbom@mdsls B3gmemgdéog,

A dogmomgdgb damdstigmdgdols

B3b.2.3 acs30ls @ 350m53%g (656.2.3).

30d350, P(t) 560l semdsocmds 0dobs, GOd t EH@Ol 3mdghEdo
Loliggds  0dgmazgds S doamdstgmdsdo.  dotrigmgzol  3Gm3gLols

damdstrgmdsms  adsggols dgdzgmdom, dgbsdmagdgmos gebolebmgmmls
p.(), P, PM  P()  Bogemdsérgmdols semdsmedndo
3Omdmammemgol  gobBemgdgdol  msbebds.  gsbgobogmor 0
336Bmmgdqdols  sgadols 3606303900  dpamdstigmsms  gMsgals
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aoaog\wom%g, 6)(*)33(3\')00 aoamhobgg’oo 24 Gobo%%a. 3(')(388‘;_']@0
66)0(3015 3Q6m8oﬁ)ambomo ombommba%o OQBSOBB(‘OO) pl(t), pz(t)' p3(t).

A On

Bob.2.4

3oéggm Goa8o  g3sb3bsbrmgdmo P (t). sdobsmgols t=1 dogzge
At Bsbéeo. 398y 3s63bsbmgtmm P, (t + At) sdsomds 0dobs, Gmd
t + At 3m396@330 Loliggds odbgds Sl damdstrgmdado. gls dmgemagbs
Fqgodemads gsbbmA0gmegl 2 bg@boom:

1) t eomols 3mdgbg8o Lobggds 0dgmagds S, drgmdstigmdsdo
©s At @Omol g363s300mds3o o6 3sdmzgoes 33 dEaMIsMgmdowsb;

2) t @Omols 3m3gbBBo Loliggds 0dymqggds S, dpgmdstigmdsdo
@5 At ©Omols 3563538580 3500535 S, Bagmdsergmdsdo.

sendomeds 0dobs, @3 T ool dmdghdo Loligads ogm S1
303 mds1gmdsdo s Al EOMols 396353003380 361 asdmzos Sl—QoB,
Bomos o0 sedsnmdols  63dMegmobs.  JoMggmo  sbsdsdtsgmo
P,(1) o0l sedsmmds 0dabs, B3 t EH@Ol gs63s3mmdsdo Loligds
0dgmxggds S, Bramdstigmdsdo, b dgmey 0653836z P, (Al)
360l 306mdomo  sendsmmds 0dols, Gmd Al Amls gs63s3ermdsdo
Loliggds o6 gosgs Sz d03mdsgmdsdo  0d  30Omdom, Gmd At
9013963939 LobBgds 0dgmezgdmes Sl damdstrgmdsdo. gl 3oGmbdomo
Sendsmmds  4360Lsba@gds Bgdegabsotse. dgdmbggzomo 3Gm3glgdols
0909600036 (36mdagmos, (o3
_ pylAn
m— " =

1 A 2.3
ml—:.n ars v 23)
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Bos(y pij(At) 306mdomo  semdsomdss  adobs, Gmd Al @™ol
2,963530mmds80 Lolig)gds S, dgmdsrgmdowsb 2900538 SJ.

33 mdsgmdsdo, 0d SoMmdom, Gmd At Mol dmdgbBedey Loldgds
0dgcmr3gdees Si droamdstrgmdsdo.

(2.3)—sb6 Iga30dmos ©s3f9Omm, G™I
o (At) = 7\.”.At + 0(At),

bosg  O(AL)  lsbergmme 3306y Lowowgs  7xdm  dsmsgo
batolbol, goe®y (At). B3gbo dsgsemomalbsmgals:
p,,(At) = At + O(At),
boywe badogdgemo 3o6mboma sedsomds Bmemos:
1-p,,(At)=1 - &AL,
Lobgbgoon qbslermme dzo6g O(At)—dwg.
dgmey 9gdmbzgaedo semdsmmds 0dols, Gmd Loliggds T edmols
30396880 0dymggdews S,  dpamdstgmdsdo s Al &m0l

3
dcbsgzgmdo  assgzos 81 doamdstrgmdado, slggg  asbolsbmgmgds
P,(1) - P, (Al) 65365300, Lowsi Pu,(Al) — gomslzmol  3o6mdomo
sendsonemdss S, damdstigmdomsb S, dpgmdstigmdsdo. P, (Al)

3 1

3e0dsmmds asbolsbmgMgds Fgdwgabsodse:
p3l(At) = 7\.31 - At.

830l Bgdrogy, P,(t + At) semdsncmdsl gsb3bsbmzdsegm, Gmame(s
I s 2 3mgemgbgdals semdsomdems wsdl (Gewasbs gl dmgmgbgdo
3G3m33b9dsw0s )
p,(t+ At) =p,(1) (1 -2, At) +p,(t) 1, At

dmgdnm  308mbabymgdsdo P, (L) aseszodsbom  Boeemdols
dser3bgbs Fbadrgl s me0gg dbey asggmo At=by, dogowgdo:

pE+ A= p ()

=1 tr+ A 4
Iy 121 &) 1P3 80,
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lim #£1 (E+ A= oy ()
Ar— 0l M

=My )+ hg @)

35306 dogomgdor:

dpy (&)
eft

=hom G+ A p5 ).

09963080 asbBmmgdgdo  sbsdRbo  deamdstrgmdy-
dobogol  gebolobmgdgds  sbagmgon@se.  Lsdbmmmme,  dogomgdo

©0g39M96(300e G a3bBmegdsms Lol gdsls:

o
B o hapr® + Ay ®
dp (f

p;; ) = Mo @B+ gy 5 )
dps ()

P;r ==y + a0 -

doegdmo BoliBgds {5636l 3O dmgmemzgols
3363 mmgdsms Lolidgdsls.
p;(t) sendsomdols 336 bgMolsmgols 37(30e0909em0s

dcgebrobmo  dmigdgmo  Lobggdols  ob@gatotgds,  Gobmgobsg
sMEomgdgmos  dogzge sl Lsfgolbo  306mdgbo,  Geadgmogs
h397e9d603  3s60lsbmzdgds S Lolggdol Lefyolo  dogmdstrgmdoon.
Iaomomse, o S Lob@ggdobsmgol  dogomgdm, O3 Lsfgol
9396330 ol 0dgmeggdemees 32 damdstrgmdsdo, ds8ab  Lafgolo

3o6Omdgdo odbgds: 1=0,p1=0,pp=1,p3=0.
Beagae 99dmbggzedo  3mmdmgm@mgol gsbBmmagdsms Lolidgds
Bgodegds  sogml  asblsbognmo  Falols asdmgabgdoo  Lssbsgmabm

36mi39bol  damdstigmdgdol  gMwggals  s@ligdmdols  dgdmbggzedo.
dcmgoggsbmo gl Fabo.  mommgyeo Si damdstgmdolbsmgols

3360LsBggds 83 dpgmdsdgmdol  smdsmmdals  Fo®dmgdgmo s

Bsoggds  asbBmmgdol  dsd(sbgbs  dbstrgdo.  detrxggbs  bsfomols

Fo3oms  GemEgbmds  asbolsbmgtgds  @gsmgdols  Msmegbmdon,
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Gedmgdo3 ©9353806098mm0s dm3gdgmo S Fpgmdsdgmdol Jgbsbagd
36330l 33960350086, 333Lmsb, abBmemadols  dstrxggbs  Fbscols
6a60ldogo  Fazo  asbalsbmgmagds @gsemby bshgzgbgdo  gewsbgmols
0b@B)gbbogAmdols  6s3Msgmom 0d  dpgmdsdgmdols  semdsmedsby),
bsosbs(y gedmeol Ggomo. oy Ggemo  asdmeol 3 39638mosb,
35306 dobo Fgbsdedolo G360 asbBmegdsdo ofbgds dobyls 6oBboom.
o Ggamo dgeols 3G 396300380, 3sdab — el 6odboo.

3s63m30L o33l bAodse  gsdmbsobsgab  ,,a5JOmdols o
39963080l 3Gmzglol Loboo.  gdegl —  “asd@mds s
393653985 343l Fgdgan Labyg (6sb6.2.5):

CYRNE P N Mo

S, S, s [ T8

- - e n-l Fl

lﬂ ln-l q_lrﬂl- l;_ lm;l

606.2.5

do9dgee  3ésdo  bgd0Ldogdo Si damdstrgmds, 43I
30O S1 s Sn damdscrgmdgdols, 833390693 7mos ™ dgbmdgm
damdsergmdslosh,  g.0. Si damdstrgmdoesb  dgodmgds  gsersliges
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= qu(]__e*‘“ﬂ) ; T=1/p. ... (2.25)
9L 306mbs dsegmsdos 03 Fgdmbggzedo, Gmeglsg Loliggdsda
Fgdmbgmo  gmggmo  dmobmgbolsmgol  geesbBocgdnmos  dolmgols
336 47mgbomo gomo dndbsbndg ImGgmdogmemds dsobs.
RY:) 399mbgg3s90 LoliB)gdsdo 399 lgemo derobemgbols
©sgmzbgdals MM Bmmos 3 dmmbemgbol  dmdlsby@gdol ™l

Gedgmo bsdgsmmme 1/H §adols Bmemoas.
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2.2.3. M/G/1 Lolb@gds

M/G/l-hoh@aao smfgdl  3dL-0l  obgm  3egll,  Lawsg
Fgemgoo  Imobmzgbol  dnfmegdols  ImdgbBls s  ImILsby@gdsls
B0l gobsfomgdnmos  s083sR39b90m0sbo  3sbmbom. skgmo  Labols
Lolbggdsdo  Rggb o0  Tdgagodmos  asbglebmgtmo  Jgdmbiyem
dobegbsms  GumEgbmds 6 Loliggdsdo  dmmbegbol  sgabgdols
19500 O,

M/G/l-hoh@aao bslosmegds algmo 3Gemgbol 0b@)gbbogmdonm,
AOgmeogss  3ebmbol  0bBgblogmds, A doobmgboon 3380 s
Lsgomm  dmdbsbndgdol  gebsFoemgdol  bsbgddmogmdoo  B(X),
3369039 X 7980 dmdbseb®gdals  baBmseme  Ommo s K-M
3013963000, Gdgemog Beemos Xk.

379bmbol  gsbaformgdol gemgsmolifobgdoms ©s sadgmgg 0dols
aomgsmobfobgdom, ®md Lobpgdsdo dmmbmgbsms GsmEgbmds o6
033908 g0ty dgdee, badstmmoasbos Beommds: P =T, :dk'

doGomsEo  Bmmmds, Gmdgmo smfgel  meHmogHmsg80ml
390mbggz00 Lowoeggdl dmeols 3db-ols M/G/l-@oSol& Lolid)ndgddo,

AmEgbsz Lob@gdsdo ©sggbgdymo dmmbmgbols dmdbsby@gds brgds
30 begbobmsbsgg, gsdmomgmgds Bgdwgabsofsc:

Qn _1+Vn+1
= , Lsy
Ohia {v >0 Q3

n+1
q,>0, ... (2.26)
53 898mb393980 0, dmmbmgbsms  GemEgbmdss,  Gmdgmoq
Bgds  Lolgdsdo  C8mobmgbol  ©s3dsgmaomagdols  Bgdmbgssdo,
bome  V,dmobogbims  Gsm@gbodss,  Gmdgmo  dmbgegds
Loliggdsdo X, 3mdlbsbdgdol ©Hmol 3s6dombg. 0865303@g36mds

{On } J36oL dsérgmgmer x3d3L, ©olydgdmmo drgmdshgmdons ©s

V93080  ©Omom.  Bgdmo  doigdagmo  Gmeemdowst,  Lswsg
56 dmeaboemos Lo 0633300 LolBndols N0
Raoor I BOOdS(3 (64 J
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303 mdsgmdosb  Igmegdo  gosligmeby s dols  Lsombsgmne
Jeogsby  9ga30dmos M/G/l-hoh@gaohmBOB sdsbsbosmgdgmo
Gsdegbody dgeaao dogomemo.

g3gmaby  (36mdogmo  Ygegan, GmIgmo  sdsbslosmgdgemos
M/G/l-hoh@aaohmg,oh 560l 3emash 3o-bobhobols RO,
Gmdgelsy dgdegao beby sggb:

—
X1z (227)
1-p
030 33dcmbsobogl  mmEabol  LaBsenm  OHMolsmzgols  Gogdo

W =

Fobobfmdmdol  dogmds@gmdsl.  asdmbsbymgdsdo  dkozbggmo
Bomas oMol dsmgdsogndo  memeobol, GmImol  3s6dsgermmdsdo
sbogmo  dmfeegdnmo  dmmbegbs  mbos  @sgmmeEml  Gogl,  bsbsd
©33053090s 065 dmobmzgbols dmdbsbr@gds (30 gl sGlgdmdls),
Gmdgmog sbsmo  dmmbemgbol  dofmegdol  dmdg6E B0  0dgmeggdmes
dndlsbydg  bgmlbsfymdo. 3emosh go-bobhobols  gm@dnemols
a33myggbgdom  Fgagodmos  gsbzbabmgtme  Loliggdsdo  @sygbadmem
30 bergbsms LaBgeenm Mamegbmds:

. 2y 2
N = AKX 12, (2.28)
1-p
Loliggdolbmgol  sdsbsbosmgdgmo  360336gmmdols  dsJbodxdo,
Gobo 383909053 9g0demgds Lbgsmselbzs bowowggdol asbsforgdobsls,
docomsese glss dsmo edmbsgdbols 3emgb.
[o63mbsddbo  smzgbodbmm Pk boooon  ©s  gsdmglsbmom

39ega0 gm@dgmol Lednsmgdoon:

Q@) =3 RZ" —B(1-a,)d-P=2)

B(A-1)-2z"
Bogoss B(ﬂ, — ﬂ,z) o600l dmdlebymgdols  Amol  Fge@omdo

(2.29)

a3msbols §963mbsJdbols Lodgz@ogols absFoemads, b
Bormdols dotrggbs dbstigl Rsfgoe gsdmbsbgmadsl o gfemwgds
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3()\')00560—50660501) %’oﬁ)amsodaﬁmo @mg@mbo ]501)@33080 QQHDGDB‘UQ
d0begbsms  AsmEgbmdobsmgol.  Jgosb Fggzadmos  gsdmgzmgsememm
mmEobols e msdmsbols Fsmdmbsddbolsmgols:
s(1-
W(s) :%, o
s— A+ AB(S)

b Lolggdsdo  madmslol  Foddmbsgdbols  dgligemol et
353mobsebgds  dgdegabsods:

S(s) = B(S)%; (2.31)

3603369mmgsbo  sedsmmdol  3Gmzgbo, Gmdgmoi  xg® o6

(2.30)

a36bogmm., S60ls Loli@)gdsdo t Omols 356d53em3530
EodmagMndgmo  Lsdymdam,  Gmdgmbs  SoOmdomsg V(t) — oo
s3b60dbsgm. gl 3Omgbo  dgagodmos  Fe@dmzeegabmm, Gmameys
356330l 3Om3gbo, GM@Imol  Lopowg  Foedmseggbl  sbsty e
e,  Lobggdol  gggms  Imobmgborsh  gsbmsgolimemgdsty,
s@bgdnmo Aol T 3m3gbEdo, 03 306mdom, Gmd 83 3mdgbBol
39909 LolBgdsdo smsdr dmbzrgds sbsemo dmmbemgbgdo.

0300 derbdstrgdemo Esdnsgegdgeo b3+ s
Lolbggdolbomgol  Go@dmawgabl  dmmbmgbols  mmeobols o,
Gmdgmoz dofmegdgmos T 30396830, sdomd V(L) — U bebosbsb
7009896 ,,3008 MG mmEobols L.

doggdgemo  Lolggdol  F9dmbggzedo,  doffmegdols  Foloo
dcdbobygdols s I7elmbols  Fgdsgemo  bsgsom  dm(3gdem
EodmegMgdgem  Ledndsml 843l olgmogg LodobBogs, Gmgmeog
@mEobol god@mdtog Al dmmbmgbormgdol doffmegdobsl.

Beogoo  sbodzbol  gmemeol  gsdmygbgdom  BegogPmo
Bgdmen  dmygsbogmo  Gs@dmbsddbgdo  Fgodmgds  dogomemo  Gmgmeys
se0dsmmds. gl sggndbgdmemos  0dsby, Gmd  gggmms  doffemegdam
d0bmgbsls  gldgds 60dsbo (1 — 2), 3s9ob Bgdogsemo  bszs@als
3G 3dmgdgmo agbdsos P(2,t):E[2N(t)] Fgodmgds Fomdmzgeeanbma,
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O0d 303900  Jmobmgbsl, dnfmegdnml  (0,1) dmbszzgmBo, oG
©sqldgds  608sbo  (sb 86 0fbgds  smboBbmemo).  sbsgrmaon®ee
asboboemads Lbgs 30165 339009003 o) a3630bomsgm 50
30165 33900900036 msgoligmse Fgdegeen  3ebmbols bsgels @s P
se0dsmmdsls 0dobs, Gd X Aol dsbdoenby LolB)gdsdo Igdmbimgmo
639600  Imobmzgbs 86 0dbgds §edmeagboemo:
P=X(1-4,)

asbgoboemmm  aligy  Gemsy Aol dmbszggmo s dsbby
sdm300gdgmo  37gslmbols 3GMmglbo. sgndzsm O™ FadBomagdo
3969606©93s 398bmbol 3m3gbom, 3586 Q=X(A).

83330650  dotomse  dodstromgdgdl,  Gmdmgda  bdodee
a3b3egds  3sbmddogo  dmdbabymgdol  mamEnsdo  Bgadmgds  dagzgm
Lsob@gergler 0b@g@3egdscos.

2.2.4. GIM/L Toliggds

G/M/1 - Loliggds  bobosmwgds  dmobmgbsms  dgdmligemols
9c13963)90L  derdr0ls gsbsfomgdols msbsdstrn  3obmbom. dmdLsby@gdols
6O gobsfomgdmgmoas  dsBggbademoasbo  396mbols  LsBmsmm VA
3603369 mdoon.

dodomso  Ag3negbdmmo  ©sdmgoEgdgmgds,  Gmdgmo(s
s géls G/M/1 - Loliggdol d7dsmdsl, dbgsglos M/G/l-hoh@aaoh
s 33dmobsabgds Bgdegan Laboo:

q.. =0, +1-V..C, ... (2.32)

n+1~n
Bogos(s q;- d0bogbsms  BamEgbmdss, Gmdgmog asdmbsabagl
Loligdsdo  dgdmlgen Cn dcr00b3693L, beagoem V!

n1 9o begbsms

GomEgbmdss, GmMAgmo dmmsglgdygmos Cn s C

il 900 BeIgbsms

933cLgmol 3m3gbBgel Fm@ol. 3sG339mmo 0sbsdodwgztmdon {On}
6ol  dsergmgols Ggmel. dmobmgbsms  GemEgbmdol  asbsfoemgds,
Godgmo sebodbsgl  LobBgdsdo  33msg  dgdmligee  demobmgbgdls

333mobsbgds I = (1—O')O'k QmAIgmon, L k=0, 1, 2, . ..
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Q’(’)G\)OSO’[} 0\)6)(") 608(’)01}0}’)360 @mg@m&)ml
W( y) =1— ge “-o)y
o

ull-o)
mmEobol ©OHm  bsfomegds  3sR39698m0sbo  3sbmbom s oG

bmgmm meggo&)h ho'a';:]og:im ggﬁ)ml W =

360l sdmgoegdnmo  asbsformgdol  Labgmdsty  asbbsbogdmmo
A0l dbs 339080 dmobemgbols dolsmgdsc.

2.25. G/IM/m Lol@ggds

G/M/m - boliggds  bobosmpgds  ©Amal  08bsdscro
a6sGoemadon doffmgdols 31396390 Ls s 393myggbgdmemo
bgm e gmgdols 960 Gogls Beme0l, MONMGAYEN0 dsmgsbo
asbsfomadgmos  dshggbgdemasbo  3sbmboo Mol dmbdsegdols
CRY:A e 3603369mmdaon. 1/ drnbmgbs bergemeogds
30 mEgdolmsbsgg, bspss  doMomsmo  3s683g8G0s 0. dm(3gdme
3900393990 0 s@0abodbgds, Gmgme (3 gomsEgdmo  360936gmmds
0<0<1 s693o. 0:A(mu-mu0), 33 gmeAdgmon  3s63bsBmgMsgm
®0ga60ls Logedols  asbsGoemgdsls, Gmdmgdlisg osb  sbeagl  sbsmo
dr0begbgdo 03 3oembom, GM3 mobmgbs wbos Rswagl Gogdo, gl

36m39bo  gebolabmgmgds Bgdegabsoms: (I—G)Gn, n=0.

bes 3m0badoml G™MT, Gmymes G/M/1 = Lob#gdsdo, Gogms
boa®dg smafgegds gamdgdtonmo gsesbsffomgdom. smgbodbma I -
00 sedsomds  0dols, Amd  sbmse  Fgdmlimo  dmabmgbs, k

30 beagbsls Lol Gob smGgdaem Lolidgdsdo.
sbmoe  Fgdmbgmo  dmobegbol  sedsomds  gsdmomgmgds

39ga0 gm@dgmol Lednsmgdoon:

; ric/ J, 0<k<m-2,

f =10 mack. (2.33)
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Ri-bogol bos  gsdmgogsmmn | s M-1 3603369mmdgdo,
der(399eo0 Osksm-2 o3 mmmdols 330m33emaliffobgdom J
333momzmgds dgdregan gmedgmol Leboo:

1

[1/Q-o)]+ ni R,

Ri.1-0b b7y sbemse Fgdmlmo Fobs dmmbemgbol  sgabgdols

j= (2.34)

3e035mmds  asdmomgmgds dgdegan gm@dgeols Lsdnsmgdoom:

m-2 0 ) )
R — Z Ripik __ZO'HLm pik
R, = 1=k oK _'12‘"; ... (235)

Bagos(s P aoEsBsbomo  semdsmmds  sEBF0gosem@os @S

333momgmads  gdmga0  mobo  Fommdon 1 ©s | 0bogdbydby
sdm jogdnmabon:
P; =0,)>i+1,

pi=] (',”][1 e ] e MdA(),

0

j<i+l<m;

ﬂn = pi i+l-n — TMe_deA(t),
‘ n!

0
0<n<i+1-m, m<i;

(M) ™y e
Pij = j( J el IJ‘ (e —e )" JmﬂdY‘
m)I
3b0 360 @m@mba&oh 333myggbgdom, dggz0dmos  303mgmm
mmEabols baByseme oHem:
]G

T mul-o?)’
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s lsbodbsgos, Gmd G/M/m Loliggdolbsmgol  omeabols 6™
a3bsfomadgemoas dshggbgdmoasbo 3sbmbals dobgogoom.

2.2.6. G/G/1 Lolig)gds

ddl-do  gggms  Fgbergmadgmo  Lsdyndem  seofgdgds  olbgmo
Fgdmbgggomo  Lopoeggdom,  Gmameoigss Mol dmbsgzgomgdo:
bedgrr  Jmobegbsms  doffmegdol  th  bsbg@dmogzmdsls s
dcdbsbydgdols Xn bobg@dmogmdsl dméol. 83 LobBgdol bmgswo
30 960Lsls 9bos smabodoml, Gmd gl Lowowggdo o6 Rbegds (3em-
(O30, 9M8dge  gmggmogol  gogn®omgdl  ghmee  Lbgswsbbgs
Losboo;  odod  gobgoboemsge  sbsem  Loopgl,  Gmdgemog
05353806930 (n-m) derobmgbgdols Ch-oo6, 396dmeE
Uy, =X, —t,.

9k d9dmbgzgzomo ooy  FeMdmopagbl  Lbgemdsl Ch-
drobegbol  dmdlbsby@gdol X Lowowgls  ©s th+1 . 99b396980L*
bowoegls Bmeol. gl bbgemds bsdmsmme 0bgds getrgmaomo  g.0.
3qbgabgds 0698 Lob@Bgdals ©s@)z06m35By dgd)0.

oy sgomgdo  sbgmo  Lol@gdols Ls3goeme  36033bgemmdsls,
dogomgdm 99dmgy  Beaewmdsl:

E[u,]=t(p-1).

9L a08mbsbymgds gomols IbGog o6 ool ©sdmgoegdnmo N
=%y, Igmergl dbeog, sl 83l Mecrgmegomo dbadgbgermmds p<1;
G/G/1 Loligndol  gedmygemgzol Aol 360336gmrmzsebos
mmEobols W ©6m,  6Gmdgmoig  Ldodogds C, dmobmgbols
sgdsgmagamgdsl. gl Igdmbggzomo  Lorowg SoMesdo®  393806130s
399093 Beemdslmsb:
w,,, =maxp,w, +u,] ... (2.37)
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3m83o60gﬁf\ﬂ @m(}\wmbo'ao 3508358Qm3o60 s@aomo 38308 Up
Booggl. (2.37) 560l G/G/1 Lolig)gdols doﬁmmogo émg@mbo.
0863303093033 {Wn} J360l dstrgmzol 36mEgll Fy3080 ©Omons
s  Jogmds@gmdom.  Bgdmo  soffgomo  m3g@sdmeol  s@hgzols
badgaemadom dsdlodndo Rsoffgdgds Lgdegao Laboo:

()" =max0,X)  L@sdommdo  Lolggdobsmgols  (P<1)
sOLgomdls  asblsbmggmo  Jgdmbggzomo  Lowory W, G0dgemacs
soFgal  bEogombsmm®o  meeobol  ©HmbL.  Bgdmo  demggebogmo
Borwmdosb  Fgodmgds  ©sgobsbom, 603 W-l  wbos  3jmbogl
oligmogy asbsfoemgdols 3s6mbo, Geoameyy (Wnt Un)-

G/G/1 Loliggdol doomswo s6bo drgmdstgmdls 0dsdo, GmA
Lolig)dsdo ©aggbgdmmo dmmbemgbgdo o6 qbos owgbgb €ogdo.

2.2.7. M/IM/1/K Loliggds Labsrnemo
3330139500

a3630bomme  doMggmo L,  A@Imalmgobsi godlodgdamoas
60330  degmd  dmmbmgbsms dsfbodsnmto  MemEgbmds;  39Mdmg,
Lolggdsdo 860l dmobemgbsms K 33 Jlodsgrgéo A3mEgbmds
(5606w A3mEg6mds 0 35033em0lsobgdmmoas 3369039
3mdbsby@ndeby dgsto dmmbmgbgdas), oy 838 GemEgbmdols Bgdmm
9600 dmnbmgbsz o dgdmzgs Lob@gdsdo, ogo @gdmmemdl M@l s
d0begbs Bmzgdl Lolo@dgdsl dmdbaby@gdol asc1gdy.

Lolggdsdo  sbsgmo  dmobmgbols Jgdmlgms  brgds  3nsbmbols
396060l 0sbsbdsr, dsg@sd  Lolggds gdnmmdl Fbmeme  obgm
30 begbgdls, OMdgmms MemEgbmds 38308 3sbbsbmamos s
31(30mgomse  bs ogml dmmnbmgbsms K A3mEgbmdsty  bsgemado.
Logemgnmbe  Loliggdsdo, GAmegbsg  dmdbdsdgdgmo  @gdmmmmdls
dcdbobygdaty  qedl,  sbgmo  Lobggds oMol ©sbsgsdggbom;
Boliggdsls  Gmdemols K=1, Toegdgh  sdmmgomm  asdmdsbgdems
sdmgstrbols  LobBgdsl,  Gmdgembsg  sJ3b  ghomo  3mdlsbygéy
3 gmdogmdas.
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Lsobg@gbes ols g4s693mgds, B3 moogmles sbgmo Gaormemo
Lolbggds  Fgadmgds  Fgzgomsgboo  oligo stz dmegels,
OG0 39JOmdols s 3s3Msgzmgdols 3Gemiglols dmegmo.  s3
033mbsb@obom,  Gmegbsg  Lobggds  gesoglgds  dmmbmgbgdom,
bogds dgdsgemo 3mebmbols bs3seol  ©OMomo gesgedzs:

{/1 k < K

_ Mo=u, k=12,...,K
¥ 0,k > K;

A1 agBmmobonst  BsBl,  God gl Lol
Hyt

gggmngols 96300, asbsligemgmgdols 0bd)gbbogmdols
©0s3®83s dezgdngmos 2.17 bsbabby.

CHoONOoNENONONCN

n m
60b2.17. gosbsligemgemms 0bBgbliogmdol wasgtsds
M/M/1L/K Loliggdobogals
k=1 ﬂ/
P =R [—. k=12, . . . (2.38)
i=0 i+1
3068306 07 gesgzsmo (4.28) Bmemdsby dogowgdm:
k-1 ﬂ,
P = poH_’ k<K,
i—o U
)
k
A
po=p, 2|, ksK. ... (2.39)
7,

8351 a3t segomo 83l Fgdeaa sdm jogdamadslb
p.=0, k>K ... (2.40)
0dolsmgols, 3 godmgmor Py, (2.38) s (2.39) q308)36m0m
(2.41)-30
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P, = 1 (2.41)
TN
k=1 i=0 Hiy1
dogoegdo:
K k11t ~ KL
0, - 1+Z[ij :[ku)(l (1 1) )} ,
k=L \ M 1-Alu
Fqbsdsdolae
1-A1u

0 _l_(/l/lu)Kﬂ'

Ladmememme go dogomgdom:
[ 1-2/p (2Y

—“| —|  0=ks=K; .. (2.42)
po=1-(A/wy \u ),

[0, bbgs Fpobypdologol

Loliggdolbomgol  bosy  brgds  sdmmgom  gsdmdsbgdsms

3303360065 Bsofgegds Bgdrgan asbBmenads:
1

- k=
1+ Al u

Py = Al k=1=K (2.43)
1+ Al u

0, bbgs gdmbgazgdobogols

2.2.8. M/IM/m Yolggds (M 3emdlsbyerg
I gmdommdons ©s ©sbs atag30m)

33msg  asbzobommer  Loggds, Gmdgmo  bEmbggmgmels
Esdmmgore  asdmdsbgdsms  8dmgedibsl s M dmdlisbydy
drfgmdommdals  seligdmdsl.  gmggmo  sbsmo  dmobmgbs 0333901
dobogols  asbgmmgboen  dmdbobydg  ImGgmbdommmdsl,  bemme o
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]501)@830'80 3000)1‘)(‘036015 'aaamhath 300835(3)"80 939e0s amahob‘aﬁ)a
3 gmdorrmds ©sgsggdmmoas, 33806 brgds dmmbmgbsms s3sMy3e.
Gmgmtyy  bgdmo  sm360d6gm, gl Fgdmbgazez  Fgqliedsdgds
35J6md0b s 383Ms3mgdals 3GIe3qLL:
A k<m;
0, lezm;
Uk:k, k:l,2,....m
sdoi gmagmeozgols 4ssbBocgdamoas gegmeonmemdals doMemds.

2.18 bsbobby 333mbsbgeos  gosbslgmgmoms  ab@gblogmdols
03361338 Lalitrmema dsdrgmzgals xodgoo:

A A A A
oSoNoNENTNCNON
H H - 1) my

656.2.18 asr08bsbgrogmms abgbbagmdol osgsds
M/M/m boliggdobogols

(2.38) gm@dnmols 6080‘»3363600) dmgoegdo:

poH k<m,

(1+|)ﬂ
rff\'- 1
— . k=m;
e po={P) w0 L ad
10, k>m.

SPHH

9k 396de F8mbggzs o ab@gdgll offggzl Laggemageembe
Lold)gdgddo.  gobbogmmm  Lob@gdsdo Py omdsmmds  gsdmbabagls
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6ol 03 Bmegel,  Gmeglbsy gzgms dmdlsbymmg M
3 gmdommds s3sg9dmmoas:
_ @lim

> (A1 ) 1K
k=0

(2.45)  goedgmsl  qfmegdgb  gomsbaol  ge®dgmsl
©sbs356398000. Aol BB sbgmo Labomsy Fa@ab:

B(m, My).

(2.45)

m

2.2.9. M/M/1/IM*: bolBgdol esBzotimgol Lsb@rmmo
(9960 ©s ghmo dmdlbsbyeg dmfymdamemds

a%6g0bomme  Fgdobgazs,  Lswsy  Lolggdsdo  Fgdmlimemo
dnbmgbsms bsgso s sol lslemmem s 8@ 8ol sbembols
3bmbom  gsbsFomadgmoa. go. 83 Fgdmbzgzedo 33943l Imobmgbsms
Lobormmo  Fygodm.  Lobggdol  bEenddaes  sbgmos:  a3sd3L
s z06m0b M (go60m;  dmonbmgbs  gsl o6 Lob@Bgdsdo (ogo
(o3msgabls Mgl O@dsemlsg gdbsbydgds ghmo  bgmlsfym) 6
Loligqdols  gotrgm s 9dbsEgds  dmmbemgbol  sbsggbgdema. o
drobegbs  @asl  dmbsdbsegdgrm xanydo, dsdob  dmmbmgbols
Loligndsdo ©sggbgdol @Amol dmdgbo ol Fgdmbzgzomo Lowoagy,
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Cass pameter

Please give the number of jobs per class forihe clossd nets), orthe amival rste andthe squared
coefficent of variaion forthe open nztworks).

Class No. | Arival rate | squared coefficert ... |
1.000000 1.000000
1.000000 1.000000
1.000000 1.000000
1.000000 1.000000
1.000000 1.000000
1.000000 1.000000
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gmggmogg 830l Igdegy dmdbdstigdgemo,  Gemamei 3o
b3g305304900b dobgrgomn 30639 a396eby IgemBg3l oy Bmgmeo
Lsbolbss dologols Lalig®ggmo gemsbo (mos o6 Rsggdoemoa), Bgndemos
dogmoneml  dmobmgbsms  AsmEgbmds s dsmo  Fgdmlgmols
0bBgbbogmds.  bmme oy dmdbdsegdgemo  4sdmogabgdls  Fgege
3eooll, 35806 Aol LeBgemmgds 946988 asdmoggbmb  Fgmstigdom
0mEsE  dmEaga3aMgdamo  3396@o.

dc0dbdoergdgmls  msagzol  Esbdstgdom  dedBogee  dgydemos
3goBomls  dolbogol  Lebmdggmo  gemsbo.  g@Bgme  dmobmgbsms
golbol  dobgrogom 3o gebolebrmggds  Fglsdsdolo  dmdbsbymg
3090l 3n8smdol 3G0bs030.

3.7. 3356401 SKNVIGHS RS &033d0

dmEgemo e Idee 0gsemlshobm, Gmd asbegl, sdolsmgols
dc0dbdoergdgels  Ggpdmos  gmggmo  g3sbdo  sbdsby-(3036 00
Loddmgomgdoon  sefgamb.  skgmo  sofg@ol  Fgegase  domgdgeoo
339600l @slabgmads o6 bes agml m®dmz boddmemby dgd)o.

wsbogol8o  WIinPepsy—l g396w90%g gmggmo  3386d0bmgols
06938 Gocdmagboema Lsbgema ,Node names. <nr>*.

dcdbdoergdgrls  Fgmdmos  Igbgomemgdolsdgdd  Igzgemmmls
badolidogo  Lobgmo.  slggg  aebbbgeggdme  3396d90L  Fgodemagds
©s90J35L  0gbdmeo  Lebgmado. 3.9 bsbsbby  [eMdmeggboemas
03O YA0 by M 3396d900l sbsbgmgdoo.

33%6do  Fgrggds  dmmbemgbsms  Mogolasb s ghmo b
Gedegbody  dmdbeby®y  mdogd@olash. oy Fgdmbagem  dmabmgbsl
g3geos dmdbabyeg mdogddo ©sze390mmo ©abzrnds, 35890b ol ogqds
0330 s gmmEgds dmdbsby®adsl. gmggmo  33sbdobsmgols  Jlgmds
s ssgoJlodml  3396dol  Bodo, A3 dpamdsegmdl  3336dols
Bosols mboggocsatgdaem s 9csdo, Gmdemols Bgbergemgdac
F9bsdrgdgemos ,, Noden type® Loliggdol sbdstrgdoo (655.3.10).

117

M nitro™ professional



—Mode names

The nodes (service systems, waiting systems) consist of one L oy
queue and one or more service unit(s).
For better understanding, you can give each node a desired
name.

No. | MNode indicator |
1 MNode no. 1

2 Node no. 2

3 Node no. 3

4 Node no. 4

5 MNode no. 5

6 Node no. &

7 Mode no. 7

8 Node no. 8

Bl Node no. 9

10 Node no. 10

< Back Next > Cancel | Help

655.3.9. @osrmmam® gebxstsdan 33960530l @sbabgemagds

—Wamng systems

Please select atype foreach node. you ean select onz ormore nodefs) anc then click
onthe desied node type.

# Thisnode has a nodetype.
> Ther s still ro node type ‘or this nade.

Node nane I Chosen type Mode type
2 Node no. * 777 M/M/m - FCFE

¥ Node no. - WAN/m - FCFS ’G/ 1 a °r5"‘9
2 Node no. m WGA LCFSPR

2 Node no. m L/G/m - FCFS

O Node no. Ered MM/m - TCTE asym

2 Node no. T M/G/m - FCFS asym

# Node no. WAG/D0 (Infinite Server)
¥ Node nn

2 Node no.

“® Node no.

Canccl | Hzlp

655.3.10. osgmgnt ggsbyse®sdo aedmbsbemo 336dols Eodo
118

Created with

M nitro™ professional

dovenload the free trial online at nitropdf.com/professional



a0dm0gqbgds  s3Mgm3g  ©.  ggbesemals  Beagszos  (Goggdols
oli303eoabs) — A/B/m, Bagos(s A 3b0d6sgl  0bggm@dsz00ls
336sfomagdols  Lodnemm O™, B s60l s lgdgen oz do
dcdbobygdols  gebsfomgds, bommem M —  opgbdnmo  dmdlsebymg
3098900l Gemegbmds  [56].  asbsfoemgdals  Lob@gdgdo  Fgdmgao
Labobss:  9Jb3mbgbzoseon®o (M—hoabmmm, 35613037900 363 39b0)
©s bsghom gsbsfomgdol Lobggds (G-Loddmmem), Gemdgmagdoi 3
399:mbg93490 s omese asdomygbads.

36 gdmdls Mdgbody Lsbols Goggdals ©olizodmabes:

e FCFC (First-Come-First-Served) 30390 3mgoms 3063900
3mdbsboyds (0gogge FIFO - éogo);

e LCFS (Last-Come-First-Served) 3cmmm dmgows 3063960
3mdbsboyds (0gogge LIFO - g30)5

e PS (Processor-Sharing) 3émgbodamo omols gsbsfoemgds;

o IS (Infinite-Server) «qlsbememe Lgozgho.

37330l 3Om(39Ld0 gOmBsbgnls 383F06wads Fg@Bgmmo s
333m@mggdnmo  aligodmobgdo s 3g@lmbsmmb  dmdlsbdg
sbodg@Gogmo Lob@gdgdo.

e e S I,

Walting systens

Heasze gelect a type tor each node. you can select one or more node(zg) and then click:
on the desired node type.

¢  |hie nods hae anodstyps

¥  There Is stil no node type for this node.

Mods nams | Cheoesn hype | Mods typs |
¥ Node 1o, 1 MM - FCFS W RS

W MNode o, 2 MM/ - FCFS zeym Procsaaor Sharing

' Mode 1. 3 M/Mn - FCF3 MAGA00 (Infinke Server)

MAGA1 -LCTS PR

W Nodamo. 4 MAG/00 (rfinits Servar) L/GsAn - SCF3
ude T, o =, - L1 [=Era
W Node 1. 5 M/G/1 - LCF5 PR M/Msin - FCF5
¥ Node o, 6 M/G/m - CFS aeym IM./G/m - FCFS asyn
ude T, NIl
W Node 1. 7 L/Gifin - FCFS
jode no. 3. - Frocezeor ar..
W Mods o, 8 MAG/1 - P Sh
ude 1. m-=
W Node 1w, 9 M/Myin - FCFS |
W Nods o, 10 M/G/m - FCFS aeym N

< Hack | Mt > | Canca | Halp
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Bgdmmsgzobgdgmo  3396d980L  Labgmdgdo  dmdbdscrgdgmls
936969 9R396901 60 Lsbols Bsdmbamgsals. 356136
Bsdmbsmgsgmdo 80l JligmBo s@lgdmmo  Bodgéo s 0d  3396dg30ls
Lobgmdgdo,  Amdmagdoig 83 Bodgel  Bgglsdsadgds, bmeme dstrixggbs
dbodrgl  dmmsgligdmmos  Bsdmbsmgsema, o7 Gemdgmo  babgmdss
333mygbgdgemo.

3o6rggm 60390 3c13b3scr5dgemds dsbols 36bemeols
Eobdsdgboo  gbes  dmbodbmls ghmo o6 @sdegbody 33960,
Amdgelsg ols 336l beg@rmem Labgemdslmsb dos96r093Ls.
9enEAmmmse  Bgbsdmadgmoas  Fgzsdbome  Msdegbady  33¢6do,
3909y 9A03sbgmols Jogmemgdom 3336950 dmsbrgbl dstrgocgdsls, s6
3093 delbols  3@beeon  dmgbodbsgm %96 dadggem  LslmGzgem
33%6dl, 3969 8393900  gENOMmsE dmmm  3336d0l Bodls s
Shift momssl, @0l Ggogacesi  dmbogds  gggems  33s6dols
9O dmbodgbs.

Ctrl 3053080l @sbdstrgdom Bgodemgds dmgeboobmm  3306d9d0L
3 gbooggds.  Gedogbodg  33sbdol  Bodol  FgMhgzol  Fgdega,
3563968 39mdo dsqlol JpOleeon dmzbodbsgn  Bodol glsedsdols
339600 sbabgemgdsl, ol Fgoaasmsz RsdmbsmgsammBo gsdmbsmmads
Fgehgnmo  3396dol Lobgmds s dsBems 3 gebg dstrgaso.

33%6d0,  Amdgmoa Lebgmdal  Fg@Bgzol  ge93g  aGRgds,
a390@om  asmhbrgds  3sBecms  Gomgmo  goobgols  60dsbo, Mo

s339bds690s, Gmd gdrgy BOEgm by geslzmolsl  smbodbym
3396dl Fg3m@homa Jglsdsdolo @Bodo.

3.8. 304056001 3MIBVBNGNIESO

dg0mbgggomo  Lopowol  dpgdstigmdol  dsbsbosmgdmadols  —
badgome  Bodogeo  36033690mbdsms  godEs, s3Ggmgg  3sdmoyggbgds
30g3  bbgs  dsbslbosmgdmgdo,  GmIgmmsgsb  gmggmo  dsmgsbo
sFgal  gsbsfomagdols 83s o) 0d ogoligdsl. sbgm dsbslbosmgdmasw
939esby bdodoe gedmoaggbgds ge®0s(300l 3mga0(30968)0.

Gedegbody  Bodomtee  gsblbgsggdmgmo  3396dol  Bgdmbggzedo,
dc0dbdocrgdgmls  Fggdmmos  momegamo  dgdmbggzomse  Ig@hgmeo
33%6dolmgols dogmonml 3360300l gemggo3096@)0.

120

M nitro™ professional



396053001 3958009680 a3dmoliebgds Lo Bgseme
3390638 mmo aosbéom, G076 3930 b393000 bowoeols
olb3galosls Bgdmbggzomo Lowowals 3330MsB0l 3s6Bmdogmgds s43ls.

39865301 035 bshabm sbsbosomgdobsmgols 3™
dbgdbgdgmos  golbedggdmmm  Lopoon, Gmdmols  3sbBmdoggds
990b3q3s  F9dmbgzgzomo  Lowowols  gsbbmdomgdsl.  sdolsmgols
ob3galoowst  omgdgh 333G M bz,  domgdmem  Lowowgl
aFoegdgb  dgdmbggzomo X booeol  Lodnemm 33506880
aosbAsls:

Cpm —2

X 356

1500\)08 Ox s@603653L  LaBmomm 3350658 mmo  gsesbasl,

bergoem X3°“’- — 60l Fgdmbggzomo  Loworg.  dmdbdstingdgemls

Bgmdmos  gmggemo  gmsbolsmgolb  dommomels  asblbgeg9dmmo
3603369mmdals gstas300l 3mgazasogb@o.

r Input of the squared variation coefficients

S
*You have assigned to one or more nodes a node type which enable you to give a &, .. -}3,
squared variation coefficiert. “'.II =1
Flease give squared variation coefficient(s) for this nodels) ! ﬂ
MNodes | (lass 1 | Class 2 | Class 3 | Class 4 | Class & | Class 6 I l
Node no. 3 1.000000 1.000000 1.000000 1.000000 1.000000 1.000000
Node no. 4 1.000000 1.000000 1.000000 1.000000 1.000000 1.000000
Node no. & 1.000000 1.000000 1.000000 1.000000 1.000000 1.000000
Node no. 7 1.000000 1.000000 1.000000 1.000000 1.000000 1.000000 I
Node no. 8 1.000000 1.000000 1.000000 1.000000 1.000000 1.000000
Node no. 9 1.000000 1.000000 1.000000 1.000000 1.000000 1.000000
Node no. 10 1.000000 1.000000 1.000000 1.000000 1.000000 1.000000

< Back Next > Cancel | Hep |
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3.9. 3MILILIAHIBNL L&D RS AMLILISHIBOL
6(M&3dd0

GOymes 7339 90gb0dbgm, 3396ddo  Fgdmlimmo  moommgmmo
drobegbs  babosmwgds  dmdbsbr@gmdols ©Omon — ta‘ 030 Y3gems

3o 3gamo  dmmnbmgbols  3gdmbggzedo  gebolebrmg@gds  dmmbemgbol

bobosmols  dobgogom,  A™Igemo(s d slooem s0bodbgds.  ogo
domomgdl dmdbsbymg 39Olmbsmol Lsgotm Goibsgl s badxndemls
Flrmemgdol V — LohJsdgl, Lsowsbsgs: = d
3 I
Y

8dgsb  Fgodmgds LsBmsemm dmdbsbygmdols Amals gsmgme:

dcdbdoergdgmds  3ofiggem  @ogdo  bes  gsblsbmgdml oy
dcdlbobydgdols  3Gmigbol  Amgmeo gm@dol  Fgehgzs  mbs.
3c3b3do6rgdgmls  Bglsdadals  Fgpdmos  Fgedboml  ggebyx ol bgos
6sfoemBo  gsbssboo ,,dmdbsby@gdol  EOmon™ 86 ,,dmdLsbyMgdals
bm@dgd0m (66.3.13).

Service rates _ - - HH

Service rate for the nodes

Pleaze assign a service rabes or service tine for the nedes. | is possiblz for some nodes
Lu assign o dilferenl quantly thar senvoe alelime,

& Jnout as service rete " Input as servize tme
Modea | Servor | Claza 1 | Claga & | Claga 3 | Claga 4 | Clasa 5 | Claaa 6 |
+ Nods ro. 1 1 0.000000 0.000000 0.000000 0.000000 0.003000 0.000300
+ Nods ro. 2 1 0.000000 0.000000 0.000000 0.000000 0.003000 0.000300
~+ Node re. 3 - 0.000000 0.000000 0.000000 0.000000 0.003000 0.000300
“+ Nodern 4 - T 000NN 000N 0 00NN 0 00N 0 00NN N 00NN
# Nodero. & 1 IAEHET T UL U.BUUOUL U.UoUuw U.ULIUw (ETEE]
~+ Node ro. § 0.000000 0.000000 0.000000 0.000000 0.003000 0.000200
+ Nodero. 7 - 0.000000 0.000000 0.000000 0.000000 0.003000 0.000200
i Nodero. 8 1 0.000000 0.000000 0.000000 0.000000 0.003000 0.000200
W Node o, 3 1 0.000000 0.000000 0.000000 0.000000 0.003000 0.000200
—+ Node ro. 10 - 0.000000 0.000000 0.000000 0.000000 0.003000 0.000200

H  Asymmetric nods type: You can assign a sevice rats for each service unit.

—  Symmelric node typa.

< Back Mot > Canecl Help
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dor(3997e b 3o Fq3mmsgsbgdmemas 000MY 70
3396d0bsmgol  Fglisdsdobse  oegb@meo  dmdbsbydg  mdogddo s

3c3bsb@gdol O™, dmdLaby@gdols bem@mdgdo go dm(3gdmmos gggms
gemsbolsmgol.  bg@ggegdol  Gsmegbmds  dglsdmagdgemas 893089600
sbodgGonmo ©s »multiple server “ (369935 x 96300 dndbsby@gds:
33900l Bgmdmos  Gsdpabodgxa®  asdmoygbml  gfmo s 0go3)
b0gdBo)  Fglsdsdalio  3396d580Lsmz0l by @als  J3gs  bsfoemals
sbdstgdoo.

3dlsbyegdol Ol ©s  dmdlsabygmgdols  bem@dgdol 86
batggegdol  Gemegbmdol,  glsdsdobo  ggemo  dmdbdstigdgels
Bgndmos by stsdo selgdamo  (3bGomowst dembols Esbdsergdom
353m03)sbml  9366%g.  Fglsdsdolse  dogomgdm  gebystsl,  Lawsc

33969380 dmbsby@gdols 3em3gbo- x|
bongols derosglgdemo 06905

—chozen nodes

LodgBGogmo s skodgBdommo
EosErMa G0 gbx@gdo (656.3.14- Node name: IEIients
3,9). 039 3990393530 Job class: W
Rsbx @0l 3gmol Bgos  bsfoemdo
3mmo3h36~3m0o ‘5306601} BOBUQO — © Momal service rate
s gmslo, Gog  Bgbadmgdgemls :
beols 39dad 360(39L%by Bervios I1 0.000000
3cdbsbggdols 6ol Y
Beodlsbyrgdols boadrdgdols | [ Intewval
3639b0L LFmese dgBgzsl. Frnn‘|2.4 Ta IE_?
— © Last flows
Job I Service rate p[k] |
k=1 1.000000
k=2 1.000000
k=3 1.000000
k=4 1.000000
k=5 1.000000
65%.3.14-5. Lodgdcogmo Cancel | ITI

3396dg%0
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bodg@ommo  3396dol  Bgdmbggzedo  dmdbsba@gdals  3Gm3gbo
Bgodegds Rsdmgsgsemodmo bado Labol b3gs0038(300L dobgrgom:

¢ b6m&dsgrdo Imdbaby@gdol @Omom s dndlsby@gdols
beacrdgdom;

o Imdbabyegds ab@gdgeemgdoon;

o Imdbabygds sBz00mzon.

dcdbdoergdgmds  3ofggem  @ogdo  bes  gsblsbmgdml oy
dcdlbsbyegdols  Gmdgem  Lebgls  FgaéBggl.  aliobo  asbmsgligdmmoas
s co  gsbx®ol  dqlsdsdol  gqmgdda: ,Normal", ,Interval"
o6 ,,Last flows".

83 30m39bol  Ggemabgds dgbedmgdgemos  dbmmme  od
d9dmbggzedo, oy ag393meabgés  Fgdmlygmo  dmobmgbgdols
dndlsbydgdol L3gs00033¢300.

0y ,,Last flows" (Qo@mo(‘)mgom) 39e0l dg386h93m, 3dsdob
domomgdae  bes agml moomgngmo dgdmlnmo  dmmbmgbolmgal
dndlsbydgdol A, dglsdmgdgmos  dmdbsbydgdol  3@mggbols
3933 ImIEg3ber 3356d980Ls s gemsligdalsmgols.

Goamei  smgbodbgm,  g39d3l  sbodgBGogmo  3396dals
s3m®hg30L  LoBmsemgdsy (606.3.14-3). gsdmbsowgds @aosmmanéo

3366, bawsg dmdbdsergdgemls x|
'8[]‘[']6@00 1536)335)0360150)301} o ]
Fgocboml  dndlsbydgdol O™ Ncld&en n.:...a |
©s dmdbsbBadol bo®dgdo. ode name:  [Disk-CPU
Job class: IW
— Service rates

Semver | Service rate |

1 15.000000
2 15.000000
656.3.14-3. sbodgBtronmo 3396dols Cancel | 0k I

Lok gdol H®
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3.10. 33RSLISL3TLIRNL bILOSMD RS SdvSMMBOL
336LIBRIMS

33 agadeby  dmdbdstgdgeml  dgmdmos  Bge@Bomls Jlgeda
dcr0bergboms dmbggedol bsbosmo,  dmzgdgmo skmeB0dgbd ol o
36m39L0b @sbdstrgdoo:

o asesbsligmgmol semdsommdals  sgqbs, Gmdmol dobgrogoms(
336Lsbmgtragmo  3396dosb  Fgdmliymo  Immbmgbs  Bmdgmody
336Lsbmgtrgem  3emslido  Fgademads  Bgg3zommm  Lbgs  3396dom 86
gensboo;

o Jmobmgbsms Fgdmligrmols Lobdody. ogo Lsdnsmgdsls odemggs
3360LsB03zOmb  Immbmgbsms  Fgdmlgmol  LaBmeeme  Lobdatmy

Amgemady ebzdgdge  3396ddo.

[ N

Transition behawviour

You can azsign the transition behaviour of the jobs for each class to be through the transiion
probabilty or the relative visk ratios

The relative vist ratics comespond to & solution for a system of equations speciied by the transition
matrbe.

' Input as transition probabilties

¥ Absolute probabilties (e.g. 0.2:05:0.3)
[

" Input as vist ratios

< Back Next > Cancel | Heb

656.3.15. gosboligemgmol bsbosmols Bg@hggs

3c3b3do6r9dg9mds O™ Imebeobmls  336d980ls  ga@sbagmmgmoms
139309503908, 608 gsomzgseolifobmls  Igdegan gsgdmegdo:

1. godsgemo  33s6dols  gsbLsbmge.s. aodsgsgmas ol 33s6do,
bosy dmmbegbs Beggdl Gogl, Gsms gemsgorgl Lbgs  3396d30.
030 36193m3L Bsbys®380 Rsdmbsmgser 3396d90ls 67lbsdo;
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2. Bgdsgsemo  33sbdo.  Fgdsgsgmos ol dobbmdMogo 339640,
bosy  dmobmgbs  ogmol babgl. dobbmddogo  33s6dol  gemslols
3bsgrmgo dgodemgds dmgdgdbmm asdsgee  3356dTo(s;

3. goslsligmgmol semdsmmdols dshzgbgdgmoa. oy 3nGbeGo
©sggbgdnmos  dmbszgdms  FgBsbols  ggmBo  m@0gzg  Rsdmbsmgsmls
Ameols, Bgbadmagdgmos  asebsligmgmols  smdsmmds  asdmgzmgsemo
06039 Lsbols Bsdmbsmgsem  3396d960lmgals.

bsdergrmme  glsdemgdgmos  3336d0L  goslsligmmgeols Ig3g3es
33603, 1sbsd aoeslsgemgmby smdsmmds o6 0d698s 0-0b Beamer 6
300g3 6 dogorgdm Azabmzgols dobomgd sledzgd semdsmmdsls.

Qbx Mol dotrxggbs  Fbodgl  Goddmagbormas @ ligdymo
33969801 as@sbsligemgemagdols gobrsma®o dbsty (6s6.3.16).

Transibon probutites |
Trarmtson probabiltes
_Ouow
ey

Hodero d |
Hoda ra, 3
Yoo r.
Medsra &
Yode . £
Nodara, 7
Mo r. 2

Hodaro. § 1 000000

Mt a3, 10
—_—

655.3.16 goslisgmgmols smdscmds

000 mo  3396do  FoMmdmeagboemas  SsBeds  dstrmgmmbawols
Lobom.  3396d930L  ge@salslgmgmagdo  Loddmmobomegds  gggdswo
bsbgdoo.
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3.11. 3MMBM3650)S 6535ROTL JIAML3OL LOL NI

o 3mdbdsdrgdgeml  Lgdl  asesbsligmgmol  bslosmols
336bsBgs  dmobmgbsms  bsgeol  dglsligmgmol  Lobdomols
B39(3053089300L dobgogom, 3580b brs gesgorgl dgdregy 339Gy,
Loy sbobymos  3396d70Ls @ gemoligdl  dmdol  3egdodo

tetanalysis x|

r chozen method:
M arme: DECOMP
Erplanation; Decomposzitions-Analyziz opened nets with clazzes and general zervice rate

~ Scenarno ————

r— Under zcenarit—

You can ingert here one parameter and ‘You can specify here a second parameter
specify the diffrenet values which should be with which defferent values will be traversed
traverzed for it inzide the first scenario.
Parameter. I.t‘-‘urival rate j Parameter. I\r"ariation coefficient j
Modes: I j Nodes: Iserver CPU j
Classese: ICIass 1 j Classes: ICIass 1 j
[ ptiomal; I j Dptional I j
Start value: |-| End |4 Start walue: 5 End |2_-|

[ncrement: |1 Increment: |5|

Cancel | Start analysis! I

(656.3.17).

606.3.17. bogowols gdmligenols sbogobo

30 bergboms bs3sol Fglsligamamby s@gdnmo dmmbmgbsms
LobBomgls }\iggo Jbgemols z Lob3omgls A 360l

560l 'BaaQaaSooﬁo _ 1 Qoam JOQUZS'@Q abo:
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3.12. 3MM6SGIFMS S6520HBO RS drSBN3I0
AALEA)

dsls 3909, A3 gesbsbgmgmol bsbosmols b3gis05035(3000
336Lobmgas  dmbrs, Fgodmgds  gmdgem, Amd  Jbgmol  sm@osbgs
Esdmsgtgdamas.  999mdgdols  Igogase  domadmmmos, Amd  ggames
©sg969dmo  dmabemgbs b OmddgOgmee  bemmymngomse 8ol
Bsdmygamadgdmmo. dmdbdsdgdgels dggdmmos dmombmgmls g@emm@o
06335308 @3 30b G0 Fgegao (6s6.3.18).

m = DECOMP-Analysis From "Opened_net” (30.10.02 / 15:52:36) = = | Ellil

Queues
for server CPTNClacs 1 (Y- Mede: Fimwber of jobe By Clase 1) 24 fAode: Vardation coefficient Fromeerer CPTT B Class 1)

2.000

Mumber of jobz In Clazs 1

Warniation coefficient Fromserver CPU In Class 1

655.3.18. 3morbemgbol Laggrdggmby sggdmemo Jlgmol sbsbgols
bsdermerm gobageemaéo dgegao

o g3 dmbsizgdo  Lfmese  azsdl Fg@ebogmo,  3s3ob
03 NA by sMsdo dgodmgds sgelenmmo Indsmds mamsom
LStart analysis“, 390093 983ty offygds dmbs3gdms  s3BMIsdmEo
30039m(dgds, gggms 08 Igmmeals sbdsGgdom, Moz gsdmygbgdmo
oo Jlgendo.
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IV 0330:

3I&6G0L JLIRNIB0 — IMRIVNHIBOL RS
S6SRNBOL 06LA®'JIIESIR() LSTISRIdS

4.1 334m0L JLIKNIB0L NIMGHOIR0 LSBIIIRIS0

39800L  Jlgmgdol  olgmeos 1962 (mowsb offggds, Gmis

396386 ds

0bgobg@ads,
Badbogad  gboggdlodgd 8o

33O

Q¢063o

0937 ,,3m376035(308 33BMIs 58007

30050
Bam JBeerm

33(8)6)03 QQ@H'B@QQ@)OB

olbg®@sios

33 6530mdTo b 3oMggmsee  Rsdmsgsemads s sslsdgms

oy ™60

236B353900m0

Bodols

3396dgd0ms s domo

8333538069090 dodsromo G3sgdon s390mmo dnds  Jlgmgdols
Fgbobgd, Gmdmgdo gdmo  dmegmol Gedzmaddo  assgtmasbides

30063098 mm s BLBGsJH e 3Gm(39lgdl s dmbs3gdgol.
Lobgemo ,,39860L  Jlgemgde”  0gmE0sd  dmgzosbgdom  doowe

33860l 3sB03bs3gdsc.
338 mdsBgoals,  Loddsgmgms

Labermemo

03300

9099968900 3sdmaygbs [19,45,46].
96mols dbGog 393Gl Jlgmgdo gedmmzegds mgmeogmse, bmm

0gecoals  bsggndgmae

30800

s 36csggd0l  ogmeools

M56m  ddmegho  brgds  dobo  dsmgdsBogm@o  s3sMsBo,  0ddbgds

) 090900

Qﬁﬁmaﬁﬁcmb m&ocj@-mﬁn:ﬁ@m‘ﬁ;&ma dQ"l’Ub"’ 880{)(4)81) 8%(4)03
omhns dmmymohigbs

- e ds8ygemmdls 3960l

smdsommdals

Mgy

bodthagemnms

m:mﬁam

R il

mming

babémmo
s3Hmashpdab

oo

afgglet

0608

6ab.4.0. 37360k Jbgmapdoe ms Jomo gadg@myge

129

Jbgmgdol  36sgBoggmo
353myggbgdols sGgemo s
LobBoty  abgm®dsdogols

sJ&mseon®  dodstrornmg-

358m3b 39380630, Gy
bdgdsy e bsBggbgdos
4.0 bsbsbby.
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4.1.1. badesgmaggdo

bod@sgmgms  ogméos  3gBeol  Jigmgdol ghmgdmo  dsbalios.
a3630bomme dmgmge dobo doMomsweo gemgdab@gdo.

bafgobo smbodzbgdo:

N ={0,1,...} = bogypérseoné Grozbzoms Lodesgeag;

Z= {...,-1,0,1,...}—30)353 Goigbgoms Lod@sgemg

Boolean = {true,false} — 3=emols Lodesgemy

LodMsgemg  sM39MHma 35009336 md0gdBms  gPmmd-gromdss.  dso

Lod®sgmols gemadgb@gdo gffmwmgds.
a 560l A-Lbodesgmol  gmgdgbdo, omzo geedls  m3z0lgdsl

acA (5,809 3m36905"). Lod@sgemg deo(399s 999560
Bsdmbsmgsmmon A = {ay, @ ..., An}, 96 3063377900 P(a) BbIosby
EsgeEbmdom,  Gmdmols  Fgegao  Loddsgmol  gemgdgbBobmgols
31300090900 306093815 3 3d3gcmrgoemgdls:

A={a|p()}

(396090 Lod@sgemg D-L033eremmono 30603bgds ©s
asdmolsbgds  306mdom @ = {a | aZa}, Gewasb 306mmds aZa
g39mngol d;3es600.

Lod@sgmgms  mgmensdo  asbolsbmgdgds  Igdwgao  doMomso
sdmgoEadnmadgdo  ©s  ®3gHsiogdal  J3gbodésgmg  (AcB),
39836080 J3gboddsgmg (AcB), goghomastgds (AUB), msbsizgos
(ANB), bgsmds (A\B), Lowss:

AcB, 6egs 6gd0bdogdo aeA-mgols dsérogdmemos aeB

AcB, oogs AcCB s AZB

AuB ={a|aeA s aeB}

AnB={a|aeA s acB}

AB={a|acA os agB}

3360gmo  Lodtsgmyg  bgd0LdogMo  sGszedogmo  LadGsgemols

J3gbodrsgmags: DA, A s B Lodmogemnidl 963000 39398 e
LodGsgmggdo gfowmgds, o ANB=Q.

bod@sgmg  dgodmgds  Fgozegegl  gemgdgdgol,  Gmdmgdogs
015350080 Lod@sgemgado. A-Lodesgeols 939 3gbademen

J39L0dGrs3mmgms  Lodtegemg  TI(A)-mo  s@06086938s,  bagyr@rsee®
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Goibgms  Loddwgemg  0-0l  Rsogemoor —  N-om,  comgogn®
3609369 mdsms (F983s608)0 6 d3est0) Lod®sgmg — B-oo.
ALA. L An (NeN)  Loldgen  Loddsgmgms  3emegddo
(209356 Mmo 6sdtragmo) gs60labrgdgds Bqdwgabsods:
AXAX.. XA, ={ (a,a,,...,.an) | aieA;i=1,...,.N }
3O0egddol  gsmggam  gmgdghdl  N-goddgge  gfmmgds.
4mzggmo i “bogol, Lo 1<i<n, ai-k  3mOB 90l i -60
999960 gfmegds  (Az, ..., An).  Fygomo  gsbolsbmz@gds,
Go3md3 N-30608 3908 39600 8gdmbzg3s, 2-3m®Egg0 (30bsérmemo).
o7 939 Lodesgmyg Ai=Ar=.. A=A dlgsglos, 3Ome7do
Bsoffggds A" Lsboo. 3568 3dobss, Al= A s A'=g.

4.1.2. 3xeoobodcrsgemggdo (3md3egddgda)

dgmiBobaddsgmg gs60bsbmzagds Lod®sgmgdo gdmo s 0dsgy
999960l AsdEgbxg®dg  sbebgobmgol.  dsgsmomse,  3g@eob
Jugemol 3ebo(30890 M8degbody dlgsglo dud g0l smbsfg@sc.

FgeoBoloddogmg B sésgetogm  Lsdsber A LodGagegby,
aVergds gabjgost:

B:A-N

Loy Ladobe A Lod@sgmols  gmggemo aecA 933680l

LobBacry B dneoBoloddsgmndo sobsbgds gmedsgon B(a). LobBomal

booeg dgodmgds 0-ol Ao ogmb. Loddsgemy dqmBoboddsgmols
b3g(300em60  Bgdmbgggzss, Lswsi LobBomols 360336gemmdgdas 0 sb

1.

B oloddsgmol skebzol gsggs@omgdnmo gm@ds Jgdwggos:
[aa,...,a,b,...b,..], bosy  gmggmo  gemgdgb@o  megolo  Lobdotols
dobgrgomn dgmeregds.

Fnendoboddogmgons  Laddegmg  Lsdobm A Loddsgemgby
506036785 HA-00. dnmiBoloddsgmyg sbggg godmads gsdmobsbels
Loddmerm@o  xsdol Lsbom, Gmdgmoi €A gemgdgbBol LobBomgls

s Lsbgeml dgo(3e3b:
B=>) B(a)a
acA
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oy B(a) = 1, 35306 ?@836 ohobaoﬁao 030 Boaﬁ)mm;g
353momggds s offgdgds dbmmme a.

BepA 3 B0bodesgmgdo, aeA 99968 gFmmgds B-u
(2360 s Rsofgogds aeB, o B(@)>0 s 3060jom, oy B(a)<0,
35306 agB. (3060gmo  FqeoBolodtsgmg G Faaegdl o6 Fgozegl:
VaeA, J(a)=0.

30 obod®sgemol Loddmsgiyg (3oMabsermmmds) dobo gzgems
9939630l Lobdodgms  xedb  gfmegds s gsbobabmgds

|BI=2 B(a)
acA

o |B| Lsbérgemos, 35806 dqeoiBolboddsgmg B-b Lsbtrmemo
I9eBoboddsgmyg gfmegds.

60 Inem@oboddsgmyg, Bi s B Bmmos (B1=B)), 0
YaeA, Bi(a)=By(a).

B1 6sgmagdos o6 Fmeos Bo-ol (s67 Bi dmoisgl Bi-b) o
VaeA, B;(a)< B,(a).

B olodeogmggdby dotomse ®3g@sogdls Fomdmaewgabl:

936000 B=B1+B,, oy VaeA, B(a) = By(a) + B,(a)

338mgmads: B=B1-B,, o VaeA, ((Bi(a) =2 Bx(a)) A ((B(a) =
Bi(a) - Bo(a))

bgsgstrmmo  6336sgmoa:  dnemoboddsgmol  BiePA o

d9daabsoMse:

bosm@rsergido Goibgols neN Baoms@ramo bsddsgmo asbolsbmghgds
Gogmetis B=n*Bi, oy VaeA, B(a) = n*Biy(a), Loosg “*7
3600390370 3sdtsgmgdol m3gasass.

4.1.3. 35860b Jlgemgdol dodomsmo (3693930

39860l Jbgmgdol b ebos@obsigool  3Gmigen®s  gadgm
Joogdnmo  36mgd®  15909-0l  gedamgddo 1995 Femowsb
3000bstrgmdl.  dskBo  dmbsforrgmdagb  obgmo 3B mGod g gmo
636030900,  AmgmcnEss  bgebpsd@obagool  Leg@omsdm@olie
m6gs60bszos  (ISO),  0bgméddsponm  &gdboemmaosms  gdmosbo
Badbogndo 30908980 (JTC1) s bog®nsdmeolim
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9948 Gmd 603600 3mdolos (IEC). 360m9JBo 3 bsGoemalgsb
308!

L dsmomo  mbols  3gBcol  Jbgemgdo  —  30B(398(309,
336Lsbm3M98980 ©s 3Mg03mmo bodszos;

2. 39800b  Jlgemgdol  gszzemomo  gmEdsBo,  LagsGrsmome
XML-ols 3sbs%g;

3. doeaemaco 393l Jlgemgdol  3mblgOndgogde —
09636 Joreamds, eGmono ©s bgmdsbgneo asgsdnmgdgdo.

J399mm dm(393mmos 39BM0l Jigemols dotomseo (3698gd0:

Lodsber  Loddagmg  (Basis  Set).  mdogd@gdol  Lsfyolo
Lodrsgeyg Fnendo-lodmsgmggdol (3md3emgddgdol) dgbsddbgmsc.

dqmpolodmsgmyg 96 3md3madde  (Multiset).  mdogdgdols
6536900, Bogos(s 96035603560 309d@900L 3363906905
Fgbsdemgdgmos.

dgm@Boboddsgmols 35O0bsemBmds (Cardinality).
Inmdolodmsgmol gmgdgbBgdol LsgMom Gsmegbemds.

3mboggos  (Place).  Jugemol  Bodobgdmemo  3396d0.  Jlgemols
36380 FAom b6 gmoggboo gsdmoliabads.

asalsligmgmo  (Transition).  Jugemols  s6o@030Bgdmem0
3396d0, AmIgmag dsermggmbgoom gsdmalisbads.

Ggsmoo  (Arc).  Jigmols  dodstrorgmo  3ogdocols  babo,
Oodgemoi sgemgdls  3mboogdl  goslisligmgmgdmst  (dgdsgsemo
G35m0) 36 3oM0doo (393mdsgsma € 35¢0).

Fgdsgomo  3mboggas  (Input  Place).  goeslisbgegmnst
Bgdsgemo G gsmom FggPmgdagmo dmboggos.

a3mdagomo  3mbogos  (Output Place).  goesbsbgmagmnst
353mdsgamo G 3smom Bgg@mgdamo dmboggos.

3mbogoal Bodo (Place Type). 3mboiosbonsd s 33806580
dcbs(399ms g 9dgbBgdols sGs(3eMogmo LodMsgemy.

dstrggto  (Marker). 3mboiosbosb  ©s3938069dmmo s
Fgbsdadolio 3mbBogool Bodols dmbszgdms gemgdgb@o.

dsérzotgds (Marking). gggems 3mbo30s80 Fgdsgeem st 3germes
9ONMenomds.

baffgobo  dstrgodgds (Initial Marking). gggems  3mBogosdo
3gds35 3639608 gOmmdeamds Jugeols d9dsmdols wsbsfyoldo.
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3mboggoal  dségatigds  (Place  Marking).  3m%o0sdo
3003390 serggms IemBoloddsgemy. N N

asslsligmamol  3oblbols  3oémds (Transition Condition).
29088 lgmgmmsh 833380698 mmo  mmgoggdo  (dnmol)  Bodol
333 bsbgemgds.

aoalsligmamol  gsblbol  éggodo  (Transition Mode).
(3s©gd0l  ©3393B0698s  asslisligmmgmols  asblbols  3ocdslimsb
olig, A3 goesbslgmgmols asblbs bgdsstomgmo &51‘);3315. N

3sslsligmamol 3sbl6al 6gdstmgs (Enabling a Transition).
aoEslsbgmamo Gmd gsoblbsl, gmggmo 3mBoools o6 gocgds 9bos
830sgmgomgdegl  dobo s  gsesbslgmgmol  ©sds3sgBnmgdgema
3900l Jmbmgbsls (Gg5emals gsdmbisbrmads), Gs 6086s3L, G0d
35306905 Fgo3e3l dscrgatndols d0bodnd 0dsgg IFnenBoloddsgemals,
o3 O3omols a3dmbsbaymgdatgs sbsbeyema.

asalsligmamol  gobLbs  (Transition Occurence). oy
aoslslgmamals gablbs  bgdsmstimgmos, ogo Fgodmagds  gsoblbsl.
80 Al gsesbslgmamol  gmggmo  Bgdsgemo  Smbozoosb
dc0blbgds dstrzgdgdo asblbols Mgg0d0ls Igledsdobse, bmeme gmgge
333mdsgore  3mbo(30080  gedmdsgamo  G3emgdol  asdmbsbrmgdsms
Fglsdadalio 35613961980 Bsgdsodgds. 3erBoz0s dgodemgds
9O0EAM M Bgdsgsmo ©s 3sdmdsgsmmo ogml (3sérgeo)

aosbsligrgmols (3320900 (Transition  Variables).
Ggomadols s goesbsligmgmol  goblbol  306mdsdo  Fgdsgsemo
(308900l gONMdmOmds.

Ggomals  sboBgos  (Arc  Annotation).  g3s3mbsbammgds,
Gmdgmoz 9gadmgds  Fgozegegl  3mbb@BebBol,  (33mseegdl o
m39M5Bmegdl  Ogemmsb  ©s3930Madnma 3mboiool Fodols
e dolodmegmogasb.

domfgzomo  dstrgatgds  (Reachable Marking). 3s6 30693s,
Gmdgmog dooegds Jlgemols Lsfgolo ded 3oMgdowsb  gemslbsligmgemas
3561337700 dodegamdol asblbols Fqdraa.

domfgze  dstrgotgdsms  Loddsgemg  (Reachability  Set).
bofgobo 363060900086 dom(gzem  dsdzoMgdsms  LodGsgmg  ogom
Lofgobo s 30Mgdals Rsmgmoo.
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o;magbéo (Algebra). dsm9dso 39600 LgAm]dnes, GmIgmog
Bgo303L  Lod@sgmgms  Loddegmagl s gubiosms  Loddsgemals,
Gmdmagdaig 93 LodMsgmgms ©mdgbgdls ©s J390mdg6gdby dmddgogdl.

Bodo (Sort). 3mbsgdos LgGnddnmols Lsbgmo.

o63dgbol  Fodo (Argument  Sort).  m3gHsgmeols
s6amd9680l  Bodo.

390mdsgemo  Bado  (Output Sort). m3g@segmeols  dgegaols

Boso.

sérmmemds  (Arity) — 963080 Bgdsgemmo  (s639396900)
s 38dmdsgsemo (Bgegan) Bodgdo (3sy., d0bstrmemo, N-sérmmo).

Bo3obsos (Typisation). $o3ols ©s 303806985 3mboz0sbosb.

sofghgéo  (Declarations).  3s8mlsbagmgdsms  LodGsgmyg
Bod@sgemams, 306L8sbB 580k, 356153983900l 36033b69mmdsoms,
Bodobgdgmo  (33msegdols  ©s  gubiagdol  asblsbrgMobsmgols,
Gmdmgdag dsmamo mbols 3gBGals Jligmadby solisbads.

39658060 (Operator). Loddmenemms JONMI0nds
(33693098 m5) 7600l Lsbgemol Foedmbawagbsc.

3s689gB0  (Parameter). 3qwdogs (3mbl@Bsb@s), Gmdgemoq
LodMsgmgdo gsbbsbmgAnem bowowpgms 8@l Bgoczegh.

doboggds (Assignment). 360836gcmmdols doboZgds (33ems@gdols
LodMsgmols 3063098 mmo (33emsobsmgols.

Logbagy s (Signature). S0 350610 O G NG,
Gmdgmo $o3gool s m3gedimegdals LodMsgmggdolast dgoggds.

3ol Logbsgmés (Bool Signature). Logbsgn®s, Gedgmoqs
dnmols (mgozn®) Bodl Bgogegl.

IBogomBodnio  Logbsgmés  (Many-sorted  Signature).
Boabo@yes, Lowss $odgdol  Loddsgmol  3omwabsemndmds ghmby
dq800.

G3mowasbo  Logbsgmés  (Signature  with  Variables).
Boabo@és, Gmdgmoai Bgo3e3b  (33eme@gdol Labgmadl, $o3gdl s
396 me5dL.

oghdo  (Term).  logbsy®ol  Lsggndggemby  dgrgqboemo
303mbsbyemgds,  Amdgmoig 9903l dmedaggdl,  (33ememgdl s
396 mE5dL.
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Esbydmmo  oghdo  (Closed Term). og®do,  Gedgemogs
'830(30315 deh@oG@a&h ©5 m33t4)o(5m6)3615, aoaﬁma 560 (335:"5‘3361"

09630l 3603369mmemds (Term Evaluation). 3goqgao, Gedgemoqs
doomagds  mgMdols  (33emeegdomgol  3603369mrmdgdols  doboggdobls s
}96300ms Bgregagdol gsdmmgmols Bgdwga.

ds@smo  Embal  3gBMol  Jugmo (High Level Petri Net).
seoagdéramo  bgodd s,  Gmdgmo el 3mbogogdols
Lod@sgmgl;  goesbslgmgmoms  boddsgmgl;  odgdol  Loddsgemals;
Bo3gools 3erBo(3090b9 o Bo3g00ls a0slslgemgmgd by
533 35380695900 }96J30901; 369937630900 3908350 o
3 bBo3nbd(3090L  aodmdsgamo  dstrzogdgdol  gsblsbmgMalsmgols;
Lafgol ot gocrgdsls.

398Gl Jlgmob  atego  (Petri Net Graph). 8odstormemo
236350 60 Bodol  3396d9d00s (3mbozogde @ geeslisligmgmado)
s dsmo  sds35380M989mo G 3amgdom. 88398 mmos 3838061980
30 bo(308-go@slsligmgmo® 86 ,,3s0slsligmmgemo-3mbozos®,  dsg®sd
865 ,,3mBo308-300B0(300° 36 ,,3008bsligemgema-gsslsligmmgmo®.

dspsmo  Embol  398Mob  Jbgmoal adsge (High Level Petri
Net Graph). Jugmol a6sgobs ©s sbegsiogdol  (Fodfgmgdals)
9Onmdroamds, Gemdgmoa Igoe3l 3mboggosms  Bodgdl, M gemgdols
B30, gosbslgmamms  asblbol  300mdgol,  Bglsdsdols
230Lobm3gM9dgdl geblabmgMgdoms  Losdo s Jlgemol  Lsfgols
3563061905

domfgzoemdal  atsgo (Reachibility Graph). 803séormemo
a0,  Losy  g36d9d0  domfgze  dsrzogdgdls  Bggliedsdgds,
G gomado — gasbslgmgmoms asblbols m3g@szosbs.

3560398 M0bgdmo  dsmsmo  Embols 39@@el  Jlgmol  gscgo
(Parameterized High Level Petri Net Graph). dsmsmo  oembols
39860l Jlgmols a@sgo, Gm3gm o 361333580 gsbolsbmgmgds.
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4.2. 3SKS20 LKMBOL 3ISSOL ILIIBO
(LIFS6SN3TIHN AMKRIKN)

4.2.1. 3g860L Jugmo HLPN

39800b  Jlgmols bgdsb@ozneo dmegmol smfgdol 3emiglido
a93moggbgds  Bgdmgan  sdM30s8mEgdo: HLPN —  dsmemo  @mbols
398l Jugmo s HLPNG — 3smsmo @mboli 3gdol  Jlgemols
36s%30.

HLPN §s63ms00396L L& n®sl

HLPN = (P, T, D; Type, Pre, Post, My),
Boos(s:

e P - 3obogose (oogdnmo  gemgdgbBadol  Lsbemmo
LodMsgmgs;

o T - pomsbslgmgmgder  forgdame  gegdgbigdol
Lslergema Loddsgemg, olg, G0d PuUT=";

e D - séspsdogmo  mdghgdol  Lsldrmemo  Lod@sgemy,
Oodmol gogaer gegdghl Hodo gforgds;

o Type: PNTED (oddmswaqgbl $Bodgdol  3mborgogdby
©5353806930bs s gosbsligmgmols goblbol Ggg0dol 3sbLsbegols
BIbI30sL;

e Pre, Post: TRANS->UPLACE (st3msgq696 §Fobsbfsth
(goesbsligemgmols  asblbsdeg) ©s  Bgrogaol (3oslsbgemgemols
29bLbol Jgdamd) sLsbggdls, Lsws

0 TRANS={(tm)|tcT, mcType(t) }
0 PLACE ={(p.9) | p<P, 9=Type(p) }

e My cuPLACE ImBolodtsgmags,  Gmdgmbsg  Jbgmob
bsGgolbo dodrz0m98s gfmegds;

e McUPLACE 3gmgobodesgmgs, 6Omdgmbsg  Jbgemols
36130690 9fmgds;

aosbsligmgmol  3s33780L  Agg0dgd0L  Labegmo  Loddsgmy,
T,eUTRANS  6gdspstrommos  M-3s6 30698580, o Pre(T, )M,
bosg Pre-l §égogo asis®omgds dgdmgan Labolss:

Pre(T,) = Zierrans mult(tr, T, )Pre(tr)
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o aoesbsligmgmols gsblbols Ggg0dms  dnm@Bolboddsgmyg T,
69dsstrorgmos M 3str30690580, 35806  gorslsligemgmols  asblbols

360390908l daxo  gfmegds s dobo  gbemmagdols  Fgregase
doegdnmo sbsmo doé jodgds asdmolsbgds gm®dnmoon:

M” =M - Pre(T,) + Post(T,)
doxol  ggmEdsgrg@o  sbsbgs  Fgoegl LaFgol s  Bgegaols
3593069098k,  s39m3g  geabsligmgmms  goblbol  sdzgdmo
693099001 IgemBoloddsgemgls:

M — s Mr

4.2.2. gm0 eembol 3gBob Jbgemols
a0 — HLPNG

dsmogmo  Embal  3gBMol  Jlgmob  adsgo  [eMdmswaqbls
b ddnest:

HLPNG = ( NG, Sig, H; Type, AN, My),

Los(y

e NG=(PT;F) JUgmol aegere ofmregds, Gemdgemdags
0 P 3336d980l Lslermmo Loddsgmgs (3mbagagda);
0 T - 3356d980l Lsltrgmo Lodersgmy (gemsbslgeng-emgdo) o
PUT=0;
0 Fc(PXT)N(TXP) - 6gsmgdsm  (owegdagmo  30dstromemo
30165 339009000 LodMsgemy;

e Sig = (S, O, V) {o63ms0aqbl aésegol bsgyn@smn®-comgo 6
Logbognesl.

e H = (Su, On) Logbsggmolmgol asblsbma®mmo  3Grszsebee-
Bosbo sggad@rss;

e Type : P->Sy $o3gdols 3mbozogdby 8608360l gubzoss;

e AN = (A TC) Jugmols sbergagosoms Fyzoemos, Lo

o TC:T->TERM(ONV)goo §3633mswaqbls B96Jiosl,  Gmdgmo(s

aoslsligemgmgdls 3037960 353 baby-emgdols Bodols
berBs30000  3535MMMgdLs;
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o Mo:P->UpepuType(p), oly, 6md VpeP, My(p)euType(p)
Lafgolbo 33613069301 gabz0ss, Amdgmo(s 356139600

FgenBobod®sgmagl  gmggmo  3mbBoiool  Bodmsb  3me9ddmmse
3353806901s.

23633039 dmbagos FOggdom 6 gmoglgdon asdmobsbgds.
3mbooals  sbo@szos  (Foofgegd0)  Bgmagds  dobodnd  3mbozools
Lobgemol,  3mbooskmsb 839330690 7mo  Bodol  Labgmobs s
boFgobo B 30M900lasb. oy Lafgolbo ot godgds (36090, ago
Fgodegds 86 gedmolsbmls.

aosloligrmgemls  dsdognobgeo b dsgo Babo  asdmbsabagl;
aoEslslgmmamols sbem@szos dgeaqgds dobodyd dolo Lsbgmoliash; ory
3003bsbgmgmol 3083930l 306Mm3s d(39dnmos, ogo dstoggmbgeals
Qogboon  sobsbgds s asdmoBmggds  Fbmemee  dsdob,  Gess
gmggmmgols 9ddscro@os.

6 3ol Fgodeagds 3gmbgls AOaMO3 960~ 56
6IbG0gdodstommo dmbsgzgmols, slgzg dodsGomo dGmmals Lsby.

oy ghmo s 0303  3mbogools s geeslelgemgemols
8353538069090,  Fgdogeem s gedmdsgsem  Mgamgdls  dbasglo
berBs30980  sfzm, m@IbG0gzdodsonmo G smgdol  gsdmlabgs  od
399mbg93080  ghmo  mEobeasbo  Ggemals Labomsy bgdsps®mmmos.
6 goemols 3berBs(30e0 Bgdmn s géoeo 093gd0l
dneBoboddogmagdo asdmoggbgds.

33633960 3980l JlgmBo  3mbozosms  dstgocgdols gemgdgbd)ls
(om3msgbl s Fqlsdsdolse, 3mbozool a396by (56 Bogboom)
399m0bsbgds  dolbo  dser306980L  geamgddo  Loddemgrm@o  xedob
Loboor.

gMRbomgdo  asdmaggbgds  dodwabstry  dstrzoigdsdo  dstrggeols
LobBocobs  (gehboemgdls  astgm) s  dstrgg®als  86036g00mdals
(30Rbomgdls Bogbom) gsdmlisgmaezseo.

3980l Jlgmgdol  Bgdmmdmggsbomo  beadsigool  dsgsmomo
Im398nmos 4.1 6sbsbby.
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S H

|
A= {1234
IB={(3456};

|
|
|
I{: ZxZ—Boolean sFomdnio rnma I
|
|

I Ea ,jE;"}:rE'l'"-‘B"-"

|x:A, v:B;

6sb.4.1. HLPN - a6sq30

dm(398nmos 2 3mbogos (P1 s P2), 1 goesbslgmgmo (ty)
©5 033530380698 gm0  Gigsmgda.  smoffgdgds 2 Boado, A s B,
Omdmgdo bedsbe  bodMogmmggdl  [omdmseeggbl s Bsgm@emmn®
Goibgms  Lbgseslbzs  J3gboddegemgidl  gozesl.  (33momo X A-
$Ho30bss, Y — B-Bodol. aesbsligmgemo  dgoegl geblbol So6hmdsl
X<y, Golbogolbs  sofg®gdol  Losdo ,,653em9dmdals”  m3gHoBmo
3960Lsbmg@gds. Ogeemby (P,l1) EsGogmos bogeEos — (330
X, bomer G3omby (11,P2) sbo@sgos — (3emsmo Y.

3mboios  P1 Bodabgdagmos A-Bodom s gsshbos  Lafgolo
dsérgatrgds  1+2(3), GmIgmoi  FeBdmswggbl  dnmdolodmsgegl
Mo(P2)={(1,1),(2,0),(3:2),(4.0)}, Loos gmagemo Fgaomol  30é3geo0
9999680 6o mEsmméo Go(3b300 A={1,2,3,4} Lodosbem
Lod®sgmoesb, bmme dgmeg — dolo LobBaty dnedoloddsgemgdo.
3mboos P2 Bodobgdgmos B-Bodom ©s dobo Lsfgobo 8s6 306908
(3560900 FmeoBobodsgegl Feddmswagbl Mo(p2)={J}.

bofgobo  dsM306980086  308mBobatry,  gesbsbgmgmo T
bgdsstrormos goesbsligmgmol asblbol dgdega Ggg0dgddn: {(1,3),
(14), (15), (18), (34), (35), (B5) oo gogpmo Gugommod
306390 grgdgbBo X-3emeeals 3609369emmdss, beymm dgmerg — Y-
G3esols, olig, Omd gmggmo Fggomoalimgol X<y.
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o9l JbgemBo 3893900l Mgg0d9d0L  Ss@smgmabdags
Bobotrigds. Bsgomoms@, 9503780l dmemBoboddsgemg (1,3)+2(3,5)
f1 goslsligmgml  ds@rsmgea@se  badspstommlb  beol. dgodmads
0153000 aoao(momoh 6"650(«*\"3"(3: (1,5)+(3,4); (1,6)"‘(3,5)"‘(3,6)

oy as0blbgds bgdsatmnmo  dstr306gds, dsgsmomse, 1,3
6990808 3emBoloddsgmgdo (Gmdgmoig 3 8gdobzgzsdo dbmmme
I $odol 1 gemgdgbBolash dgoaqds), 33806 Fggaol ds6r3069890L
Fgdega0 Lsby 946gds:

M(p.)={(1,0).(2,0).(3,2),(4.0)};

M(p2)={(3,1),(4,0),(5,0),(6,0)};

(1,3)+2(3,5) 6ggodms  qeoBobodersgemgdo  as@slbsligemgmols
a0blbs Fgdrga Fgganl ds63069098L Bsdmsagsemadgdls:

M(p1)={<};

M(p2)={(3.1).(4.0).(5.2).(6.0)};

4.3. 306601 JLIRVIBNL 3LSLOBN3SGOS

3980l Jlgemgdol  ggmeriool  Soéggm g3ty dsmo 3
ogmeogmo  gemsbo  gsbobsbmgds (I, II s I @mbols 39860l

Jbgmagdo), 333683 Emgolsmgol dsmo GsmEgbmds m@sdrg hsdmgows
- 3%60bsbmgagds sdsmo ©s dsmsgmo  mbol 3gB@ol  Jlgemgdo,
335Lmsb dgmeg gemslio Sotggemls dmogzegl.

dzgmo  gmsboggogsos  3mboiogdby,  asesbsligmamadls s
G3madby  ogm  meogbBocgdnmo s gsbslbgegades s oligm
3sbsbosmgdmadl, Gemaméaiss 3s63g0ms  dsgbodsenn@o  BemEgbmbs
3cBo30880, E35emadals xgMemds s bbgs.

sbogn  ymsboggogsosdo  gudseemgds  dmsmer 336 390ms
bgdsbBogebgs asdsbgomgdmmo.

396dmE,  sdsmo  Embol  3g@@ol Jlgmgddo  ©sndggds
Ibormme ,,8s307 Jse396980  gmzggmagzsto  Bobsgsbo Lo nmals
256937,  beame  dopamo  embol  3gB@0l  Jbgemgdo  ©sdsBgdom
FobslFom  asblsbmzdnmo  Lfonddacel  ,.ga6e” 356 39698LsG
Fq03036, 0mde  Wbs  sobodbel, Gm3d  Bg®dabgdo ,,ds30” s
»BYO0”  Loddogrn®os @8 modg@ednemsdo  dso  bBomse
396Lb3gs398mo Labgemagdon dmobligbogdab.
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3639008 s@bo  asblsabrgdegl  Bgdwamd  3mbogzogdols s
aosbsligmmgmgdols,  s3Ggmzg G emadols  sbemdszools  Bogmsgll.
1053356139606 Jbgergddo dbmemer 6030 9dmmoa,
96ma336m3360  dmbozogdo @  gesbsabgmgmgdos  sd3gdeyema,
»B900©”  Jlugmgddo  g3gems  3mbooobogol  Lsgmmsto oo
3360LsB3M9ds Fgbsdadolio Bodob dstrzgms ©mdgbom. ghmo Boadols
3Bo30880 dgmery Bodol st gg@ol sOgdmds adzgdgmas.

aosbsligmamgdo  gsdmmgegds  gssbslgmamol 38839000
306mdgd000, Gmdgmo @maogn® asdmbsbrmgdsl §edmawagbls s
Bgodmgds Fgddstrodo 36 dwsto agmbs.

Ag3mols  sberBeos  sdsmo  mbol  3gB@ol  Jlgemdo b
bsgtome  asdmo@mzggds (M3sm8o goo 3883988 dbmmme  gGmo
»05307 363960 gossanmEgds) 36 Bagym@eemm®  Goibsl
§o63mapaqbl, Gmdgmos assbssgomgdgm dsM3gPms AamEgbmdsls
sbsbagl  (O30mol  xg@smds), 3s8ab, GmEs  dsmemo  mbols
39860l JlgemBo  Agemol sbo@sios dgodmgds  Fgoezegl e
Goe debs(3g9gdbss, Gmdmgdo Jagdmm gsboboemgds.

Esdsmo  Embol 3gB@als  Jlgmgdol  J393emelgdowst  dgodmgds
sz3bsbgmmo  sgdmdsigto 9B el Jlgmgdo,  dsdoGrgdgmo
2683930, 393 c0ls JBgegdo 033038000 s6rhg38600,
9396 gmo - Lobggdgmo  Jlgmgdo, C/E—dhag@a&o, bsgGonbe
SIT Jugemgdo, SIT (3emsbognéo) Jugmgdo ws bbgs, boeaen dsmsemo
@ebob  3ghtol  Jlgemgdol  ggameby  geter  3edmggmgam @

336 brgerge J393e0sbls Loliggdydo 3980l Jbgmado
§o63mawa96ls.

33BmdsByn®  39Be0l  Jlgmgddo  sby  dgmdstigmdsms
3564069380 (State Machines) goggem  goslsligmageml  Fgodemgds
3Jmbogl  dsJlodnd 1 Bglslgmgmo ©s 1 asdmlsligmgmo.  ogo
333600 gbabgsmo 398Gl Jbgemos  (BsrggMgdols  LagPmem
GsmEgbmds 33130 sGsbEOMl  o(33mg0s).  33B™IsE G0 9B col
Jbgmagdon  dgodemgds  gmbgemoddgdol, dsg@sd 8GO  JsGrsemamabdol
deregmotgds.

dstrgotgdmem  ateggdde (Marked Graphs) gmggmo 3mbogos
bbee 1 gomsbslgmgmol  Bglslgmgeml s bplgeeo 1
33sbsligmmgmols  gsdmbsligmgml  Goddmsmagbl. ogo  mgmeommse
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03(50080@‘314)0 33&14)0]5 dhag\'}abol} mﬁ)a‘ag\ﬂoo, oam;ga(j\')oégbls
35613emqmobdl, dsg@sd mbgmoddgdl - ggée.

33630690 49539880 3OLgdMOL  (30gmgdo  —  Fg3érmmo
(Rs3goemo) abo Amdgeady aoslsligemgmogesb 03139

3o@sbsbamgrosdey,  Omdgmog  gemsbsbmgmms  sd3357m0
3000936030l goblboo  doomgds.  (303mol 3883900l Fgmgaee

30690 3Mex3do  dedzgMgdols  Lagom  GemEgbmds s
033003, ord(3s,  Begspse, dsMgoMgdamoa  adsggo  Fabsbgso s
séol (3130 9396980l domosbo  GemEgbmds  Bgodmgds
0(33E2g0mRgL)-

398Gl JlgmgdBo  msgolgemo  séhggsboo (Free Choise
Petri Nets) dsémgso jmbgemodgob (36988 Fgdmeal: oo Gadogbody
aosbsligamgmls  gdogsemo  3mbozoobogol  gmbagmodde  s]3l,
39 e0l Jbgmdo  msgolmagsemo s6hg39600 oliobo g3ge0s
bgdosdmmmo b ogml, 3b+y Lo 3mbegemodid)g 3erBogz0s
9OmsEgOmn0  dgdsgsemo  dmbozos gbes ogmb  gggms dmmbamodd)
33slsligemgmoaliogols.

Bgdmo sefgeomo 3 3ggmslols 3g¢®ol Jlgmagdols 60dydgdo

dm38mmos 4.2 6sbsbby.
SIT-Jugemagdo  (State/Transition Nets)  gemsbogmndo 39860l
Jbgemgdol Gocdmdsgabgemos. ogo Fgeagds dbgsgbo dst39gd0lasb,
OOdgmos  g@sgognmo  goeds  3sBems  dogo [Foge  3mbogzools
RoGRgddo.

SIT-Jugmgddo  3mboios  Bgodeogds  gémnby g8 dstrzgals
Bgo3939L, B dsdrggdadols oo mEgbmdols  Fgdmbggzsdo
3cB030880 dsmo MecmEgbmds Go3bmdMogse Rsagagds.

MbsgGonbem S/T-Jigmadol 3mboogddo 3str3gHms Gemegbmds

36 by smgdsBgdmegls 1-%.
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6sb.4.2. @sdomo @mbols SgBeol Jugmgdol 3 Jaggmslio
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BOQO’L‘O’L‘BQUQO’L‘ 60’883601} OUGOQG&OQO 306)(")600 888@0
Fgdsgore  3mbo(30080  sds3e3d0Mgdgmo  @gsmol xg@sEmdsty
861365 3em 980 ©96mdols 35613969000 36390, 6 3oemadols
XJORMs bsgyn@sra@mo Goibzomn asdmolsbgds (655.4.3).

ovagn begaen Aigheydibga

Ay bydal
rabdi b s

diglyéibgtab
e b P

figlyd bgdal
dnpgds  dAgbyditadel
Snpagdy

Idhmgyglo-l Jdeaglio-l npents Sdegzgln-Z npent Idhengygln-2
sdgnding sdpnyding

6sb.4.3. 3mslbognto g8l Jlgmo ,Gglbamlgdols
a9bsformadols” s8mgebobogols

90999683 mmo Lol gdn@o  Jugmgdo (Elementary System
Nets) S/T-Jugemgdol basgbse ©sdsgmo wmbol 3g8Gol  Jlgemagdols
3oldo  Fgreol, Gmame  gggms  Lbgs  Jlgmo,  GmmgdBags
b gO0a3350mz960 ds6 39619008 sledgzgdo.

a36lB3g0390s abss, O3 gegdgbdetrgem  Lobggdg®  Jbgmgddo
96mo  3mbozos  dgadegds  Fgozegegl  sGedgdgl  goo  dedzg@b.
Fgbsdsdolae, dsbBo  wgMeeo G emgdo o6 sGOLgdMdl s G gemo

L (GodFaesl) o6 Loommadls. sdsbomasb, 367856 s Q)
RQJ 3 J 9129996B 02 Jbgeny

boligdgddo  s3@dsgrnmos  asesbslgmamols  gsd39ds, o gomo
3306(3 39dmdsgemo 3mbogos dser396L 339 Bgozegls [47].

dolsg o6 396B3539800m bogtronbe SIT-Jugemgdoliogols
3603369mmds  oMs 33l gedmdsgamo  3mbozogools  dpamdscgdsls,
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dsmBo  geslsligmgmo 35083988, o gggms  Bgdsgere  3mBozosdo
3503960  0dbgds.  33sLkmsb, Ylsgz@mbm S/T—dhamgbo 3Odamagab
3mbozosdo gy gdo  ds@zgdol  sGLgdmdsls [48].  sdgosb
393mEabsdy,  legtmbe 3980l JlgmBo  dstgmagel s lgdmds
aoEsboligmgmol  goblbol  bgml 396 «9Bmol,  gemgdgbdecrge
Lob@gdne Jbgmdo 3o Soéodoo.

4.4 6obabby  dmggdmmo, absgogzmmse  bomgmgdon  dbgsglo
939 eernmo  Lolggdnco  Jbgmo s S/T—jlsgmo 236B3530093s
FqbErmegdols dsbgBom: 30639 8o goslslgmamo T 396 20083939,
d9m930 0go bgdsstrorgemos.

P1 P1

O —0 ©O— —0O

P2 T P3 P2 T P3
) gemdabetrmemo Lob@gdydo 3) bsgmobe S/T-Jugmo
Jbgemo

6sb.4.4. ateqogmmore bgsglo ©s Bgbergemgdols
Fabgdoo gsblbgaggdmmo 3g9BMol Jlgmgdo

4.4. LOLSIFIGO 3I&SHOL JLILIB0

System Petri Nets - gggms ¥gdmem{gomo  Jaggmsloliysb

ao6lbgsggdom,  domsmo  @mbals  3gBEol  Jbgemol  J3gzeesbl
§o63maswaqols.

dsmamo Embol 9B c0l Jbgmgdol Lgsbostdigma bm@dsools
0bsbds,  Lobggdnco  3g@®ol  Jlgmgdobogol  asbobabmgmnds

36LBs6B 900, (33margdo s Bub30gd0, AMIgmos gEOMIomdsls

Lolggdgmo 39860l Jbgmol  Lgeoddams gfowegds,  boeme
aoslslgemgmgdabogols asbolsbmg@gds asblbols 3ocmds, Gmdgmlsg
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»aosbslgmamols 33030 FubJ0d” gfemmgds [47]. Lolggdneo
39860l Jlgmgdol dotomswo gsblebmgMgdgdo Fgdwgyos:
336Lsbmgdgds—l. godzso T Jlgmos. Z-l A gbozg@ligdo
ooomgamo PEPz 3mboioolngol s30dlocgdl dpamdstgmdsms Ay
Lodesgmgl, Gmdgembsy A-8o P-U mdgho gfmwgds.
236LsBmgdgds—2. gmdzem X Jlgmos A qbogg®limdoo, 3sdob
L. 2-b  3pgmdséigmds A  ooomgnmo  3mboigoalmgals
36LsB3Gs3l Lbodmagemgl a(p)s Ap;
2. godzso teTs. J8gmgds M moomgymo dmbsbma®y F=(p,t)
o6 F=(t,p) G gomobogol asblobegmsgl Lod®sgmagl M(F)
cA.
gl 60Tbsgl, @md  LolBgdnmo  Jlgemagdols  3erbogogddo
G3esols  d60dgbgmmdsms  Lod@sgmols  dmmsgligds  dgodmmgds,
G3mbsg  gmgdgbdetramo  3gBeol  Jlgmgdolgsh  asblb3gsz9800
96nbg  dgBo  360336gmmdols  gaBetgds  Fgmdmos, Gz dssmo
©mbol 398960l Jlgemgdls sbsbosmgdl.
boliggdnmo  3g@@al  Jlgmgdol  Babsscbo LB Gnddnegdals
(36905bgs  @ag3dbgdmmo. asbzlebmztImm megzo@sb 3Bl bBoLs s
396300l (3698900.

336LsBmg@gds—3. ©sgndzem  Ag,...,Ax s60l  J3gloddsgmgms
Lod@sgeg.

l. @s393350 A€A;, GmIgmoma(y 1<i<k - 0gol. 35306 a-l
Voegds  3mbbgebBs Loddsgmgdo Ag,...,Ak ©s Al gfmegds a-ls
3o,

2. i=1,...,n+1 - 030l ©337 3350 Bie{A,....A}, s 30 dzem,
f:Bix...xBy=>Bpi1 960l BbJz0s.  3330b f-u oFogds  ggbizos
As, .. Ak b036s300998%9. Lodtogemggdo Ba,...,.Bn (od8mswaqbl f-ol
56313968900l $o3gdl, boeme Bnii 8990l $odl. N+l 3068940
(By,...,Bn+1) §o63mag9bls f-ob 369l s Igdgabsotse  Rsoffg@gds
Bix...xB,—=Bn:1

Lob@gdndo 3gBeol Jlgmols bgenddnms 0bbdsbdgdols ©s
396J30900L Loddsgmgl 9Fmegds.
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336LsBmgdgds—4. ©sgndzsm Ag,...,Ax 60l J39b0dsgzmgms
Lbodsgemg,  Az,...,d  3mbLBsbHgde  Ag,...,A-d0 o f,....fm
g6dgogdo  Ag,...,A-bg.  3s8ab A:(Al,...,Ak;al,...,a.;fl,...,fm)
(963050396 bgoraddmesl. Ag,..., A dsBsegdgemo  baddsgemggdos,
agy..., & - gebbgbggdo, beraom fl,...fm - g96diogdo.

beddn®géol gubisosms dgdsggbmmmds mgMdgdol (369600,
seoffgegds.  mgMdgdo  dgo3egl  (33mregdl s 3mbLBebEgdls s
0bg3y  GOIOOE  (3324IIRO (33RB0,  gbgPgd I dmdgbddo
3063098 mm  3603369mmdsls madmemedls.

09639501 s (3ensegdols 10390 § o613 by abac
33630bomme  "dmmbmgbsms  dmdlsbr@gdol”  Lol@gds. ogo Fgoagds

dcbs39dms 3 dmdbAsErgdemalisgsh (u,v,w), Amdgmos (30406
3mdbsby@gdels oGscdmgdls  dembs3gdms 2 dgbgxg®o (M s N).

Lo gols deamdstrgmdsdo M0N0 dc3bdscrgdgmo
009 3O damdstigmdados, bergne 390337 30939678 do
3c3bdocrgdgmo  dmombegl  dmbs3dgdls  meogg  d9bgxgtolash s
dbomee sl Fgdegy, Gz mM03gglash  ©s3dsgmgomegds,
M0Ebgds rm e n® dgmds@gemdsls.

dcdbobggdsls Sotggmse U mgdnmmdl, d96g V ©s 3ol
W. 45 bsbsbby Fomdmeggbomos  Lolggdnmo 398Gl Jlgmo

dm399nmo Lobggdobsmgals.
33 Fgdmbgg3e80 39@@ol Jbgmob LG ddgeslt dgdwgan Laby

9J690s:

"3mobergbsms 3mdlsbmgds’ =(Users,managers,
usersxmanagers, managersxusers,u,v,w,m,n,succ)

Ls@sy SUCC (abgemoligdo Logggomsb SUCCESS - "(o®dsigds')
d0begbol GodsBgdom Iglermgmagdals danfggdgmo ggbiioss, dolo
s639396B0 X (3308008, Gmdgmoz USErS Bodobss ©s dglsdedalsw,
360336900333l Fbormee  {U,V,W}  Lodesgmmowst  omgdl,  beame
0333  SUCC-ol d60d3bgmmds  Moado  dmdegzbm  swgamsl  dogsco
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amahaoﬁ)abagﬁoo, Gemdgmo  gbools 83'333(*)6000 3969596036

dodsdrmgols ‘atgg\wabals ng‘g@mbh.
X 3Bsss Y-ab
dcmdbaberg-
dobogzals

(y,succ(x))

Y 869960
(xy) 3cmgdlsbys X
3cdbsrgdagms
users = {u,v,w} |
managers={m,n} :
succ:users->users I
succ(u) = v :
succ(v) = w |
succ(w) = u |
var x:users :
var y:managers :

X o(3000

6s6.4.5. Lalggdnco 398Gl Jugmo ,.dmmbmgbsms
3:dLsbytgdal s3msbobmgals

Lolggdaem  Jlgmby Ggemos  bemgoghmo  Feafgas  mg@dos,
dsgomoms,  (X,M) ©s ogo Bgogegl  (gmocbsg (X)) o
3063068 sLscs (M), Gegmdy bgdmo sx36086700.
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sgoam@omdo soffgel (656.5.19).
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96mo  36migbo  Geomdl (363900 3mbozosBo Avail-L s6 Avail-
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655.5.19. dsér3géramo MUTEX-sgmaméanda

BobobBy o696 L-3Gm3gbo gemmdl (3mbogos Avail-L) s
3 ddgegdol mEo  ge@0sbBo sd3l: A gersbsligmamon  3Godo g
bmbsdo  dmbzwgds  (3mbogos  Critical-L) 6 C-oo  3sbon®
damdstigmdsBo  aseags (Silent-L), Goms R-3603968s dmobergbols
390mbggzedo  dstrzgol  dowgds  Fgdmml.  gGodognm  bBebsdo
3m3n3s3g L-30mglo € asesbsligmgmon  bafgol  dpgmdstrgmdsls
3G 7begds s sdsbmsb dotrggedls Avail-L 3erBo30080 s66badl.

3doo  gfmo (3030 EsbEmgdnmos, bemme dméoy (303wl
ol 36m@igbo  offggdl, Omdgembsg  dsGzgo oG 843l (Bstrggels
dm00bmgl).  Fobs  (303mo0l  Bglitrmemgdols  Bgmgaol  dobgogzom
dmdnbmgbo  Fgodmgds ogml olgg R-36emiglo  (Pending-R), o
(obs (30380 33613960 6 aes3gdmems o6 L-3Gmiglo  (Pending-
L) — oy gomsoge.

5.3.2. 3oggdlebols MUTEX-seogetiondo

MOm0gOnasdncobzol  sdmebol  goegs e dmdboemo
35603680  3oBglmbols MUTEX-seogem®omdos, bswsig  Gglm@lols
dobomgde  dbsdgmazo  3Om3gbols  mmeabo  bed  damBstgmdsss
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s Pend2-L  (656.5.20). PendO-L 3boz0sl  ogemEommo
0Mgdmemgds o6 3oshbos, 3sbom®o  dgmdstgmdowst  (Quiet-L)
3530 gosligms smmam@omndol Bgbrnmadols Lsgtom Lo ddgesl
36 se393b.

33333 83 damdstrgmbols  s@lgdmds  demgdnee 393 G0ls
Jugemdo  dsaby  Logodms, Gowash  dsbdo  gsesligmon  3Gmzgbo
33900J399L  L@goemls (s o6 36989bbasl)  3@0d0gme  bmbsdo
37 3omdols 65380359 (367 dgmdy 3Ol xgORgOMI0m  Bgels
s dmols),  Gsg  Ggerramo  Loliggdgdol  ©s3Gma®sdgdolisls
Fgodmgds asbegls Lagade. N

sgm®onddo 4 smsdo, 0303g bs3azebdm 3mbogzoss: Finished-
L os Finished-R (36migglol  osbsbtrmmo),  At-L s At-R
(360B05mm Bmbs8o Ledndsm 69ds61m30l 3s6r396900).

4. Petri net Editor <1> Page 1 |0 x
Ll =
. F‘nIIL Fent -k
) B o (a—u
— P Y .}_&\ T R

- N B
_// - S| AL < QAR o R
/ p Y ‘HJ;\.J-L_
/ g ey ,#J—____'Vh_d?-r‘ — -
Nl ARSZR i
/ I AP O SR
f e AN ~ Y-
/ F‘-nl L) L ~.f T~ [

\;_‘/ NV / \~
\_CriticalL  ® X/ >< Crticar RN Y f
g 1 pd >< AN . i/

N\ @ Ouetl - \\\ .\\ ] UietR //
. N~ ~— N -
3 N, '“‘S:'n}—— -
. 1 " Finishec-L 1 Finished-R o

656.5.20. 3ag)gelmbals MUTEX-segemtando
33 mob 3nboosdo  dsdzg@gdols  s@lgdmds 336 brgesgh
360396900 gogognm Bmbsdo dmbzgemol dodwgzemdsl. 39@dme,

o gOodognm  bmbsdo  d9Bamdals 1}'3630@_1} - dbomee  geoo,
L-36emigbo  gedmmgdzsdl  (sb  3mBogosdo Finished-R 356139600

Fqbsehbgdmemas), 35dob L-36e3gbo 3000z bBebols
3G gogdmse 303l (3oesbslgmamms d0dwgztmds a-b-c-f),
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353653 Lo 3dstolos R-36G039lds m30mmbsy 3malin®gml 3080z
be6sBo  FnBomds  (geslislizmgmagdo  h-j), 603 3603953
d:mJdggdsms  Lobgdmbobszas  dmfagl, moebe  Lsds@mmosbso:
30m39bg00  9A0dsbgols 396 30059 FORRL”,  G@Igmo  3Gmgbogs
35396 3oggmo  dmombegl,  3PoBogam  bmbsdai  doMggmo
dbgreads  0d  gedsboom, Gmd  dobo  gGodoggmo  bmbowsb
353mbgmobmsbsgy  dgmeg  3Omigboi  doomgdls  dskdo  dmbggeols

3363901 (gnmagdsls).
5.3.3. rgzgtol MUTEX-smamtondo

93960 MUTEX-semgeéondo  3oBg@limbolsls  3s6gabmemso
bogdsme  Jao3b (656.5.21). docromswo  Fabss®bmddogo  asblibzsgqds
F99gados: 30g@lembols  semgm@omnddo  At-L 3mboios st 3gob
m9deomdls 33653,  Lsbsd L-36o@gbo  g00d03nm  bmbsdo
Imb3egdmeEgl,  bowme  ©g3960Lsdo - 3ocodom,  L-3Geglols
3608037 BebsBo dmbggemols 39dwgy.
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5.3.4. mgog0-meddmegols MUTEX-semamt00do

3Jsdreg  asbboemgmo  gggms  semamGomdo Mo 0sbslfmeo
36m39L0L O®0gA0Jdggdsls sofgoes.

Agoon@o Lobggdgdol  0ddsgmgbemdsdo  36migLgdl  gboggds
3Gomcodgdgd0 o baogtrom 9L Lgdmsb dodsermgalisls
dsmaem3domdoggdosbo 36e39Lo 5emgdsdmbiogmos 0sdsem-
3G0m08)980s60 ,,459m5d930 L%

130(330-ed3mA B0l MUTEX Se0am®00ddo 39335600
LolBgdols  dmpgmos  Fo@dmeagbomo.  dskdo  gsbsfamagdamo
(33mseol  Fog0mbgs-asbsbmagdals  m3gMs300ms  EM0 O Jdgegds
sobsbgds (656.5.22).
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656.5.22. mg0330-msd3megol MUTEX-smamtonda

4]

Lolggds ™o 3Gm3gbolysh Fgoggds: Bsdfgmols (Writer) s
(2330mbagmolash  (Reader), emdmgdog  bsghom  3mbszgdms
3ol 3603369mmdsl  (33emals  (Bsdfg®o) 96 s3mogombagls
(§2330mb39m0). Bs3FgM0 3Gmglo 3GomGodgdynmos.

semam®ondo bsd smsdl oggbgdl: Writer Detached (Bsd(gco
dmoblbs), Writer Involved (Rsdfgéo Bsgéos) s Reader Detached
(§2330mbggmo dmablibs).
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3ofggmo s dgbedy  oemsdo  glsdsdobs  Rsdfge o
Fod30mbggem  36m39Lg0L  dmblbol 3GoBogmmo 1bowst ©s dgmery
36398 Ledmddgem  gbsl  qblbol, dgmeg  smsdo o RsdFge0
3639b0l Fedzombggmols dmJdgegdsdo Batigasls sdm@gmoadadlb.

030 oey390l  Fodzombggmolash  (33memals  Fozombgols
03963005, o 0dsgedmgmse  Bsdfgmo  (33mopol  gebsbegdsls
8530690k,

36m39L900L  d0dgzemds  sbigmos:  Rsdfgel  dmdbargdmmo
od3b  g3mewol  sbagmo  3608369mmds  (3mboos  Producing),
G™dgemo(s a-b-c aoslslgmamoms  dodpgztimdols  goblboo  bs
200308060 gooBogmem  bebeBo  (3mbogos  Writing) o
a36sfomadnmo (33msol 360836gmmmds  asbssbenmls.

3378300, (odz00b39mdsy 339 Foogombs s asdmoggbs
as6sformgdnemo  (33me@ols Fobs 360836gmmds (3mboos USING) s
3m0bmds  msgol  3Oodogme  bebsBo  (3mbozos Reading) e-f-g
aoEsbolgmamagdol  gblbol  gbom  gomsligms  asbsfoemgdaemo
(3esols sbagmo 3603369mmdols Fabszombac.

Fo63m0dmds  Bobdo  Logymeios: 0 goesbsligmgmol  asblbs
830dsemmemas,  GoEgsh  3mboigosdo  Writer Detached  (Bsd(gto
3m0blbs) dstggdo o6 0L s 390 C aeesbsligmamo gsoblbgds,
Gopash  3mbooowst Reader Detached (fsdzombggmo  3moblbs)
dstrggto  Gedzombggmds  some.  Robowsb  gedmlsgsenl  3mbogsos
Writer Involved  (Bsdfgdo  Bogéos)  Focdmopaqbl,  Gmdgm o
5@ lgdegeo st 360l Imbsfomgmdom oblbgds | aseslsligmagmo s
(99300b39em0  dpgmdstigmdsdo  Failed  (fsgombzs  BsoBsems)
adEseol, bomm  Rsdfgoo  ©snd@gmmgdmse  smfgsl  3Godo g
Beabols,  gobosbemadl  (33meel s d aosbslgemgmon  msgols
306356 dpamdstgmdsls  MdGrmbegds, ol Fgdmgasi  3mboizosl
Writer Detached (BsdfgHo  3moblbs)  dstrggeo  mdGmbogds @
Fo830mbggeml  Bgmdmos  asbsfoemgdamo  (3gmsol  Fabszombae
sbsgmo 3Gm3gbo F3m0fygml (qemsbslbgmamas 30dwpgztmds K-f-g).
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5.4. ARINGOIdS RS S6520B0 WinPepsy 06L& JII6SN0)
54.1. ,,3em0968)-Lghggm™ BsggBomo Jlgmols
dmpgmoatigds s sbsgmobo

Baggdomo  Jbagmol  Bqlsbgd  0bgm@dszos  gebbogmmo  agm
99-4 0s3d0. sbems WinPepsy obl@émdgb@ol asgdmBo  s3s3900
3063698 mmo Jbgemols bgdsls s 3590930330930 dols
3sbsbosomgdemqgdls [57].

s30amo  dséBogo Bsgadomo  Jbgmo 30968)-LgMg9®
0 Jodaddneol  dsgsmmomablogol,  Gmdgmoms  Bmeol 3333060
0b@)g@bgB oo bome(309megds.

1. sgotbomm dgbomdo ,File“ ws 396480 ,.New". @osnmado
Loliggdol dgg0mbgaby g00hgzm aMsgogmem agbg®aosl s momasgls
,» Generate new network*.

2. dogomgm WinPepsy A908dBme0ls (396090 gbxsAs,
G3dgmBoz  0bbgOdgbgdol  asdmygbgdom sgsgmm 523 bsbsabby
65h396980 Liggds (3396d0ls BgEosemagds Bgodemagds dseliol dstrg3qbs
omsgomn s ,, Orientation” séhgzom).

@ GiaMetwork.wsn < GiaMetwork:
Toolbar Diizplay

. ICf”E Clazs 1 bl [SSOR00C ‘!5'8'6/6' go 0 Ot ‘

»

Server CPU

el

MMIm - FCFS

m

MMIm - FCFS
INTERMET

-
MIGH1 - LCFS

CLIENTS

MIGIOO (Infinit

656.5.23.
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3. @omszoo ,,0ptions” gsdmogsbgds ©osmman®o by s

(656.5.24), Lswsy ,,Classes* 239009 393(335mm ,humber of
classes” 2-00 s ,,number of jobs* 5-oo.

Cptions

Work sheetl Mame I Modes Classes |

—Job classes
Mumber of classes: Ia
Job classes | e
[]Class 1
[IClass 2 |__' Open job class
|:| Closed job class
— % Closed —— " Open
Jobs: |5 Arival rate: |-|

656.5.24-5

4. 3396d%y s3m03300 Fgzemm gsbys®sdo, bsws( ,,Nodes*
330600by  dgodmagds  Jlgmol 3396398y  Labgmagdol ©s  Bodgdols

Fgéhgzs (656.5.24-3).
Modes |C]E|55 1 |

— Mode data

Node name:
MHumber of service units:

MNode types

IINTEF{NEI'

=

M/Msm - FCFS

LAG/m - FCF5
M#M/m - FCFS asym
MAGsm - FCFS asym

MAG/1 - Processaor Sharing
WAG/00 (Infinite Server]

656.5.24-3
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5. 63‘5660]“”301’ Server CPU '833(33&@(')0) ,,service units* 3-oo.
6. Lghzobol  Botoggdo (service rates) 33ebdgdolimzols sl

393305F ogmmom:

Node name Class |[Class 2
1

Server CPU 6 6

Server disk 14 14

Internet 16 18

Clients 10 20

7. 335600580l asesbsligmgmadby  Bgadmgds  Bgo3zoemmls
smdsmmdams 360d36gmmdgdo (obegdby dsmlol ©szmogzol Bqdmga).
Rggb Fgdmbggasdo Server CPU—QOG Server D|SK-(535 olsé by
330000 1, boeme gggems sbséhgbby 0.5;

8. 3s6gmby ,,Display“-l  30m38m3mJb8o  s306homo  Class 2.
bgmobes 830G gmm 303806900  3396d90L  Bmeols s Fg3(339mmm
3963398 G9d0  Options—38o.  job=5 @s Boglgem  semdsomdgdacs
393806980bmgols  3oézggmols  dbgegloe. dmmel  838dmJdgmm
oo ,, Refresh tree ->*. (6s6.5.25).
=3

e Met tppe: Closed net
e 522 Modes (4)
[H--me Server CPL
[H--me Server DISK
[+]--me CLIEMTS
=--me INTERMET
----- —+ Mode tupe: M/GA - LCFS PR |
.‘ll. Service rates
El- ® squared cosfficient of variation
{ le @ Clazz1:1.000000
i e @ Class 20 1.000000
B4 Transition probabilities
E-=% Job classes [2]
= ® Clasz Mo, 1 [Closed)
: L@ Mumber of jobz: B

- ® Class No. 2 [Closed)
i @ Mumber of jobs: 5

6s6.5.25

Refresh tree -»

N
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9. 430l B93mgy  Fgodemgds  Jlgemols  s6smaBols  RseGgds,
Qbx Mol dstrxggbs  Jagres  bsfoemdo MVAfagmm;gols s6Rgz00m
(656.5.26-5).
Available methods v.»
M ethods | Explanation
{__ i —= Mean value analysis for cloged product form networks with several claszes
ASE BIPHASE analysiz for closed netwarks without claszes

Simulation
OPFM analysis
SOPFM analyziz

Sirmulation far miked netwarks with clazses and general zervice time diztributi
OPFM analyzis for open networks with clazses and single server nodes
SOPFM analyzis for open networks without clazses and with multi server nod

b arie MARIE analysis for clozed networks without clazses vath general service bime

DECOMF Decampazition analyzis for open netwark s with clazses and general service

STATESP Statezpace analysis for closed networks with claszes [hot implemented yet: n

656.5.26-s

10. O3 NE by 36130 3306h930 3561599890l

(656.5.26-8) s Start-pogmsgon  dogomgdo  bsobol  Fgogals
(655.5.26-3).

Met analysis [&J

Chosen method
Marne; MVA
Explanation: Mean value analpsis for clazed product form nebwork s with several classes

Scenarno e

Secondary scenanio B

V'ou can select one parameter, whose value
iz changed. The netwark will be analized for
each different value.

Parameter: |Number of jobs

Clazs: |Elass 1

Start walue: [ 5
Increment: |4

TL&L&

YYou can select a zecond parameter. An
analyziz for the first parameter will be
analised for each different value of the
zecond.

Parameter: |Number of jobs

Class: |Elass 2

Start value: q [

Increment: [4)

Cancel | []  Start analysis! i

TL&L&

656.5.26-5
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@ =MVA -Analysis for 'GiaMetwork' (10,0313 /01:41:23 / 00:00:00.031)>

Murmber of jobs [0l Waiting time
0.01
0.01
0.01
oo INTERMET
CLIENTS
Clz=z 1 Sancear DISK
Sarver CPU
Claz= 2
656.5.26-3
11. | Fglsdemgdgmos 9Jb39603968)9001 293¢ dgmagds
bbgoalbgs  dobslosmgdmgdols  sbsgmobol  dobsmgdse.  dsgsemoms,
5.27-s bsbobby 65R396900s dmdlbsbr@gdols 0b3)gbLomAmdals
35639980l sMBg3s, Tgdwgy  go  dolo  Sbsmobo s Fgregagdo
(606.5.27-3).
F‘arameler:qielﬂce—,ate__/) j Parameler%ﬁe,ate —_) j
Node: I Server CPU j Node: I Server CPU j
Class: ||:| sz 1 j Class: ||:| s 2 j
Service INDrmaIsewic:e rate j Service INDrmaIsewic:erate j
Shart walug: |1 End|5 Start walug: 1 End |5
Incremnert; |1 Incremnent; |1|
606.5.27-s
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<MVA -Analysis for 'GiaMetwork' (10,0313 7 01:55:05 7 00:00:00.078)>

Service rate for Server CPU

Waiting time

L.00

0.00

INTERNET
CLIENTS
Sarver DISK
Sarver CPU

Class 2

656.5.27-3

12. 5.28-s bsbabby 6ohggbgd0s INTERNET—JBosdoh
dcdbsby@gdol 06 gbLogAmdols 3s®sdgBeol  shgzs ©s  sbsgobols
Fqgagd0 (66.5.28-3).

Parameter: ISewice rate vI Parameter: ISewice rate 'l

Node:  fiNTERNET TIo| Neck: o [TETEN ~] >
Class: ||:|EISS 1 ;I Class: IEIa&& 2 LI

Service INormaI service rate vI Service INormaI SEMviCE 1ate "'l

Start value: |1 End|5 Start value: )1 End|5
Increment: |-| Increment; |1

606.5.28-s
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=MVA -Analysis for 'GiaMetwork' (10.03.13 / 02:08:43 / 00:00:00.062) >

Service rate for INTERMET

Waiting time
10,00
8.00
&.00
4.00
2.00
0.0
INTERNET
CLIENTS
Class 1 Sarver DISK
Sarvar CPTT
Class 2
656.5.28-3
13, 35633986980l 3m3dmdmdbost  (656.5.29)  sgzo@bomo

20@slalgrgmms  sedsmmdgdols sbsemobo  (Transition probability)
ServerCPU-ogol (656.5.30-s), dqmgagdom 5.30-8 bsbsbby.

Farameter: T ransition probabi@ LI

Mode: Mo zcenano
Mumber of jobs
Class: zquared coefficient of wariation

o Service rate
(RS ENTW T rarsition probability
Mumber of servers

656.5.29-s

Paramete(‘ll@imn prnba_bﬂtz/_) _I

Node: IServer CrPU _I

Class: ICIaSS 1 LI

Destination |Gerver CPU [Class 1) v |

Start value: |-|_ End |5—
Increment: |-|—

Paramete(]_T\;Ensmmn prnbabllltﬂ_’) _I

Node: IServer CPU _I
Class: |C|ESS 2 LI
Destination |Gerver CPU [Class2) v |

End |5—
Increment: |-|—

Start walue: 1

606.5.30-s
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@ <MVA -Analysis for ‘GiaMNetwork' (10,0313 7 02:21:11 7 00:00:00.062) >

Waiting time

0.08

0.06

0.04
0.02
0.0
INTEFMET
CLIENTS
Clazz 1 Sarver DISK
n N Sarvar CPU
Transition probability Server CPUICLT] -> Server CPU[CLT]

1.000C 4

Transition probability Server CPUICLZ] -> Server CPU[CLZ2]

===

656.5.30-3

54.2. ,,3m0068-Lgeggm™ mas Jugmoal dmegmoatigds
©s sbagmabo

1. WinPepsy —ols 534353530l 393w9a File->New ws g06hg30
a6s503me 396965308k, OPLioNs mogmsgl (6s6.5.31).

Cptions

Work shee‘t] Name ] Node

Job classes

Mumber of classes: [1]

Job classes | Comment:
[ Class 1
[* Open job class
[] Closed job class
" Closed

|17 Amival rate: @
5q. coef. of variation: |17

655.5.31. Open Jlgmols s Arival rate=4 séBq3s
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2. WinPepsy-ol 309 GgesJBm@8o  30fggdo  3396d900ls
ImEgmodgdsls 3505398 Ggdoo (656.5.32).
Modes I[:]ass'l |

— Node data

Mode name: Diisk CPU
Mumber of service units:

Mode types

M#/M/m - FCFS

MG/ - Processor Sharing
MAG/0D (Infinite Server)
M/G/1 - LCFS PR

L/Gsm - FCFS

M

6s6.5.32-s. Disk CPU 3396dals 35618398 G9d0L g@bggs

dooegds  5.32-8 bsbabbg bohggbgdo  Lmsmo, Lswsig Bbl
33963980 Lsbamagdo s dsma odgdo.

Disk 1

MIG!Im - FCFS
Server CPL Disk CPL
MIGim - FCFS MiGIm - FCFS

Disk 2

MIG!Im - FCFS

656.5.32-3. JUgemol LsGgolo bjgds mmbo 3396d0m
©s $odgdom
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3. O’bmo 0)00)(")3‘89:) d30661§ ‘86(‘\)0 8080603(’)0) 8(")81)0’5"3&)8601)
&otogo (Service rates). ServerCPU=10; ServerDiskl ws2=15 515
(655.5.32-3);.

Nodes Class 1 } for ServerCPU Nodes Class 1 I for Server Disk 1,2
Service rate Optional Service rate Optional
Server | Service rate | | | Sa.coef. Server | Service rte | || %0 cosf.

1 10.000000 1 15.000000 o

[~ P 15.000000

655.5.32-3. Jlgemol 3346d53%g Service rates 360936gmemdgdols
d0bagqds

4. Jugmol  Lggdsl  mbos  sgdeml  3336dmsBmEolo
aosbslgmgmagdo  Fglsdsdolo  sgmdsmmdgbom.  sadgmzg ™60
9em93968)0:  JlgemBo  Fgligmol Foedomo  (bymggmbgoo  dser3bgbs
Jages 6sfomBo) @s  Jlgmoesb 3sdmlzmols Fad@Bomo  (dsérxzbog
by gnobgeo). gl Loddmmegdo smiomgdgmos os  Jigemgdalimgols.
Fgega0 sbabymos 5.32-p 6sbabby.

1

Dizk 1
— _O_
= MG - FCFS
Server-LPU Dizk-CPU
C 1 § 1,081 C: 0504
1 MG - FCFS MG - FCFS ] 04
05 Digk 2
—
MG Am - FCFS
i}

656.5.32-p. Jlgmol Lgds asmsbsbzemgmdon s
3mdsomdgdon
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5. oaoamdaagmm ,,Refresh tree ->« OIS 30. 306?@3350 31‘)06)315
deogootigdam bal 94698s 5.33 bbby boBzgbgon Laby.

=-[ Gialpentetwork
----- Eﬁz Met twpe: Open net

E-E% MNodes [4)

=-me Server CPU

----- H Mode tpe: WMAGm - FCFS asym [asymmetric]

E. Service rates

® zquared coefficient of variation

-4} Transition probailities

E-me Digk CPU

----- H Mode tpe: WMAGm - FCFS asym [asymmetric]

E. Service rates

® zquared coefficient of variation

-4} Transition probailities

E-me Dizk 1

----- H Mode tpe: WMAGm - FCFS asym [asymmetric]

E. Service rates

® zquared coefficient of variation

42} Transition probailities

E-me Digk 2

b Ht Mode type: MAG/m - FCFS azym [asymmetric)
(- ad, Service rates
® zquared coefficient of variation
-4} Transition probailities
=-=* Job clazsez [1]
- # Clasz Ma. 1 [Open)
@ frival rate: 4.000000

- sauared coefficient of wariation: 1.000000

656.5.33

8033060,  dmegmo  Ibsss  sbsmobols  Rsbs@emgdese.

9360360l Jggs  dedrxggbs  ggobgdo  dmzgdmemos  dgomegdo,
G0dmgdoy 3edmaggbgds sdolsmzol (6s6.5.34).

hggb sz06Bomm DECOMP dgoeo. 383mRbrgds  osImy Ao
Qsbxss (656.5.35-5), GmIgemday Bg350hg30  Rzgbozgol Lslm®ggem
30Lssbsgmabgdgm 3e6rsdgEGgdl.
220

M nitro™ professional



vailable methods

14

STATESE

1

655.5.34. DECOMP 3gormols 53733988

Met analysis

m

Methods | Explanation

BIFHASE BIFHASE analysis for closed networks without claszes

Sirnulation Sirnulation for miked networks with classes and general service time distributions

OFFM analysiz OPFM analysis for open networks with classes and single server nodes

SOPFN analysis SOPFM analysiz for open networks without classes and with multi server nodes

M arie MARIE analuziz for clozed networks without clagses with general service time distributions

Decomposition analysis for open networks with classes and general service time distributions
Statespace analysiz for clozed netwarks with clazses [not implemented pet: mived netwarks witt

o

3

[l

Chogen method
Mame: DECOMP

E=planation; Decomposzition analysis for open networks with clazses and general service time

Scenano

You can zelect one parameter, whose value
iz changed. The network, will be analized for
each different value.

Parameter: |Arrival rate

|Elasx 1

Start walue: |1 4
[nerement: (4

Class:

“ Lefled Led b

——t—i—

HHEHHRH

Secondary scenano

You can zelect a second parameter. An
analyzis for the first parameter will be
ahalized for each different walue of the
zecond.

Parameter: |squared coefficient of varieﬂ

Node: |Server CPU j

|Class 1 ﬂ
| =

End [
Increment: |5

Clazs:

Start value: 5

Cancel ‘ | Start analysis! Jl

655.5.35-s. Jlgmol sbsgmabol gubysts, Bg@hgnmo
3561595875300

Start analysis moms ol sdmJdgegdols  gogao  dmzgdnmos
5.35-5 bsbsbby.
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|| 5 ool sl @lizliz] | 2] 2] gl el bt [0 |
—17

|Wa1|'tir1g jobs in queue

1:00:00.016)= \

EL. Waiting time

0.04

0.03

0.02

0.01

0.00
Sarver-CBTT
Dizk 2

Dizk 1
Dizk-CBT

Clasz 1

655.5.35-3. dmmbegbsms gmeobol G Gogda

bbgs dsBabosmgdemagdols a0bssbagmobgdmase Logodms

6030)303860)0) ‘ I%@-'l;ﬂl:l.HEliEl ‘

3960780 Show-3+64d0 (655.5.35-3).

336gmols moms3gd0 ©s
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ow indow 7

Representation as a Table QEI ‘ 2'5 EIEI ‘

Representation as a Linear diagram

Representation as a chart (20)
v Representation as a chart (3D)

Interpolation

Choose nodes

1
choose classes

General symbols

Analysis results symbols 0.13

v
v | Net overview symbols
v
v

Status bar 0.10

0.08

0.05

0.03

0.00

20.000

5.)13.5.35-3. mmEobol ©Am
b || volos| sl @lizliz] | [B]D kel tD |
:59:13 / m—.oo:mmmi““—m‘w

|  Number of jobs
for Server-CPU/Class 1 (Y-Axis: Wumber of jobs In Class 1) (2{-Axis: squared cosfficiant of varistion for Server-CPU In Class 1)

20,000

656.5.35-@. Imnbmgbsms Gmpgbmds Goado
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5.3.3. 30dMopmmo Jlgmols dmegmotgds
s sbagmobo

doddonmo 86y Fgdgamo  Fodol  Jbgmo  aligmo  Jlgemos,
Gmdgmlsi  sqiomadmse 843l d0bodnd ghmo  @os  gmsbo s
90ma3 Bsggdomo 3mslo (sbyy mogzgg Lbebybgs).

Jugemols sagdol mzgeelsb®olon WinPepsy @gosddmedo mos
golo  s0gqds mos  Jlgmol  gesbol (glgdom, bmeme  Rsggdomo
gmolbo  —  BsggBomo  Jlgemol  gemslbol  Fgbgdom.  gebgobogamm
3063698 Mo dsgamoma, Gemdgmoa 5.36 bsbsbbgs sbsbrmmo.

v

Nodeno. 1 ___ Nodeno. 2 ___
— —
M//1 - Processor sharing M/G/1 - LCFS FR

656.5.36. 3ndcommo Jugmol dmegeo

Modes l Class 1| Class 2 | Class 3| Class 4 |
Mode data

Mode name: |N.;..;|e no. 1

-

MNode types

MsM/m - FCFS
M/G/1 - Processor Sharing ’L/J
M/GA00 {Infinite Server)

L/G/m - FCFS
MsM/m - FCFS asym
MAG/m - FCFS asym

656.5.37. 3396001 Fodgdol Bgéhg3s
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=-

MHet tppe: Miked job clazzes

EI e Nodes [2]

= -me Fnoten Nr. 1
------ -+— Mode type: M/GAT - Proceszor Sharing [symmetnic £ single
El - i, Serwce tirmes
o .;_u. Class 1: 0.800000
a2 Class 2 0.400000
o Class 3 0500000
- gl Class 4 0300000
® squared coefficient of variation
=424 Transition probabilities
+3 CQutgoing connections
3+ [nzoming connections
E--me knoten M. 2
------ -+— Mode twpe: MAGA - LCFS PR [summetric # single server)
EI a2 Service limes
s, Clags 1: 1.600000
2= Class 2 0600000
-, Clazs 3 0.800000
s, Clags 4 0500000
- ® zguared coefficient of variation
-4 Transition probabilities
:", Job clazzes [4)
= i Clazz Mo. 1 [Open]
i @ Arival rate: 0.250000
® zquared coefficient of vanation: 1.000000
|- @ Clazz Mo, 2 [Open]
o @ Arival rate: 0500000
- zguared coefficient of vanation: 1.000000
= ® Clazz No. 3 [Clozed)
Lo @ MNumber of jobsz: 2
[ ® Clazz No. 4 [Clozed)
Lo @ Mumber of johs: 2

655.5.38. 3396dols 3strsdgBtgdols 360T36gemmdgdo

M

339090 dmegmol  sbamobol  RslsBsmgdmase  Igzochomo
dgomwo Simulation (6s6.5.39).
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Auvailable methods

Methods | E xplaniation
b, Mean value analysiz for closed product form networks with several classes
BIPHASE BIPHASE analpsiz for closed netwarks withaut classes

] Simulation for mised networks with clazses and general zervice time distibutions

0 analysiz  OPFM analysis for open networks with classes and single server nodes
SOPFM analysiz  SOPFM analysis for open netwarks without classes and with multi server nodes

M arie MARIE analysiz for closed networks without classes with general service time dist
DECOMP Decomposition analysis for open netwarks with classes and general service time ¢
STATESF Statezpace analyziz for clozed networks with clagses [hot implemented yet mised

656.5.39. 3odGo@gmo Jligmoab sbsgmabol 3gmmea

sbsemobols  gPmo  Bgogao  2-336dols s 4-gemsbolmgols
©sgm3bgals edmals dobgrgom dm(3gdgmos 5.40 bsbsbByY.

Waiting titne

40.00

Z0.00

20.00
10.00

0.00

Clacs 4

655.5.40. Jlgemol s6sgmobol Fgegagdol gteadab@o

8800 sgsltrgmgdm  3GsdBoznmo  dsgamomgdol  gsbboemgsls
dogmotgdols s sbsmobols  0bbBdgbdgdol  Lednsemgdom,
3909me 398 Mol Jlgemadols s Goggdol Mmool gsdmggbgdoo.

sbo oo beobgobéier  abgm@dsozol Bgdbemmgagdo
Qeabsg oG gematos s 3et33agm  0bdydgll  faMBmeraghbl
036535006039 dstrangols 338mdsobgdmmo Lolig)qdgdols
©a30m9Jdgdol,  dmEgmoamgdal s 3@mgMsdnmo  Ggsmmobsools
033 bsBGoboo.
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