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9smm30L d0BBYL3OM3gLOoL BPMN dmgeo. 3sdmyqbgdmen 0dbs Bizagi Process
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O3B HOH0/5396(H0  53DoIOL @5 MyHagbol  3mBH0MYdL
99839000EGMML. 9J390EHMMO FoMgdME GslgdL $3MTo390L S YBI3b0L gar-
R3bEG0® 3MEG0M00L B0l ©s93390U. Aol 3999y, M3 T3ZJNO IWPII0
3obbl 20b(399L 9JL3gOGMOL, bgds 93390l QOBMOTJdS (R9IBOEI0L
060306M930L Lyg3AdzgEo Fgodergds oBIL M¥GSM oMM GE-BMUEIDY,
395030l ©5339000L MOEIMOL  FoBRMMTJOOL  oM9dgE). 9Ju3gLOoGH™MO
553L98L 5339009l O MBHIYDS Q9IBOEZ0L 30MIMBYJODY BHEOSBLIMM-
GomOL/5g9b@L, MHMIgwoi sz30L FBOH0Z LoGMbl3MOGHM ©M39dgbEosgosl
5056bdgdL 9JU39OEMOMB, BBl F90PMd vabHs3bol (B/L, CMR, AWB,
RWB oy Bbgs). Hmas 3060600 30995bm3090s ©sb08bwamgdols sowmb,
GOBL3MOEGHOMO0/5396G0 Mybegbol gdudgodm®l Fg@EYmdobgdsls GHzoMmmol
Bodmligarol  M9MoEol  domomgdom, Moms b EOMMWIE  IMIbObML
©58339000L  2o83OMbOMYds. 9JU39O0GHMMO MYABs3bol ©s3339NL  BHZ0M™MOL
bog5M59™ BsdMLigerols 993Ymdobgdsls, mst0mols Jomomgdom. gdudgodm®mo
50D5gdL s MYHezbol 3339PL F9IHBOWIOL bFMOAL (063MOLL).

58339000 00908 99BHYmd0bgdsl s 393800905 9JB39OGHMML, MOmS
39805OM33L  BZ0OHMOL MO0Yobswo ©M3dgbEgdo (3MmIghEowmwo 0bgzmolo,
Lo@®BL3MOEHM M3MB9bE309, FoMTMBogzemdol LM EHOR03sGHO s b3H).

99b390FMMOL  BobbLMMO  ©Y35MIEHTIBEGHO  gobobowsgl  0bgmoll,
5b9bL 564500LfMMgdol 3OrMEaLOL 809369d5L S MBBOL domqdol d90gy
59mfdgdl Aol Lolfimegl. 8989y 30 9BIBL  GHEBLIMOEGHOMMGEME s
5396390096 563560 HmM9dL".

3603006 033MOEGH0MM0 S GH30MMJOOL  49IHB0E30L BoMIGdOL
00Bbgl-3MM39Lgd0L  FmgwoMmgds BPMN  UBEsbom@Hqool  Lsgsdzgendy
LMo gdsl 03935 9390 0gbsl  M3gMoGovIEmo FoMm30L  3MM39L9d0L
080@5306M0 3MmE9Egdo s BsGomEIL 9Ju39MH0d96@3 900 gooHY39E0wgdoL
dogdol  3Mmaqgbol  99damdo  LOMEYgmxzgol  dobbom. ®sz0L  dMEML
93999905 LsGHMBL3MOEGHM  49IHB03900L  ObsTozMMo  3MME9LYdOL

303g30L5m30L 39GHM0L 3eologMOHO s BJMIO 39BHMOL JugEgdol MsGM-
365¢0BMm0o 0bLEGHMMIbEHOL (PetNet++, CPN) 999myggbgdol 306398330.
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GPS - 20mdseugmo 9qp0edndsmgmdol 3sbalsbrmzmgwo bol@gds,
DGPS - ©0ggM3baomgdwmo ammdsem®o  sa0edgdstgmdols as6alsb-
3690 bobiEgds,
GSM - aermdserrgo LolEgds dmdowmmo 30316035300Lmz0l

OmamO3 9JU390GHMM-99bgx9M0L RBMBJ30MGmO 53Mm356900L FMEODswo-
D305 @5 80BbYL3IMMEGLYOOL  FMPYW0MYdSD  230P396s,  BH30MGdOL
393HB030L  SLgmo  3m33gJuEmo, LogOHMdMMOLe  396MbIEYOWMdIBY
5331996900 LobEgds 6ol Lo3dom® MHMMWO ©> OO  LBoLEYIY,
HIolm30Ls3 sbsli0sMYdYE0s, 9Hmo dbGMO0Z, s0bodbmwo 3MmEgLgdol
950B300LsMZ0L IM35RGMM3560 39700 3M-Egdbmemaom®mo Mglvm-
1gdol 0bROIVBEHOWIGHMIOOL SOBGOIMDdS s, Fgmeg FbM03, MMABODsGOIO,
15O YGOM030, B0BBLMMO S LM MBOWB39gEgMBsMs TDIOIFIMo.
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056599000Mm39  L3MINMB0oIs30m  BHgJbozols s  0bxmEIs30Mwo
A9960mma0900L d5HBIBY LYY MROM FJ0MIMPYds s 0b39fgds SBYMO WOWO
dsLd3Hod900L AJmbg BHEBL3MEOEH0MGIOL MBOBHDBM FbsIdFJMH0 LOLEHYIGOOL
9990dbo.

3 GH0IMEIMMMO 2503900l FboMsdFgMHo  3m330GHIMEO
LobGgds MBS OGHTBIML  BHMBL3MOGH0MIOOL  MERBOBIGMOL  LfmGg©
0L9m0 53M356900L 2500FM580, HMYMMYOOFS:

® 2999005 s LaMI0608BM F9aMb7dOL Fm(3Ybol EOMOL FoglodscMHo
399306909;

*  AH300™M35-53eoL d9JoboBdgdols dodlodogrmEo aodmyqbgds (59%9-
3656900, 139395gdob69d0 s Lb3.);

e 30mMF0L LoGMBDBOEM POHMOL FogloTo M 9BIJBWIMSE FoOrIMNZo.

DM 30 BHZ0MMOL, Mo3 990dwgds BHGMORI ©s 05535 Fofmads
395030l X5F3000  2om35¢0olobgdmwo  dmI3bm  LoGMobldmMEGHMm
15O gdOLMZOU.

J3g0mo  dmEgdmeo 23943l 3 EH0TMEICMMO A5 HB039d0L
36m39b0L 0bBOILEHMWYIGHOOL JOMOMSO MBOYJEHJIOL s >0 M301dJdOL
(5¢®0dEJO0L) 1gdsbEH03MMOo SO, Bog IMTs35¢do 45dmYygbgdmE 04b69ds
53¢ ™35GH0B70o LolEGdol dmbs39dms BoBHYOOL SBoYJdS.

3wogbBo -  0©I6EHOR03GHMM0,  ILEHLYEYds/30b5Mmds,  0MOHOEO-
W0/B0DB03NOHO 3060, JoLETIOMO0, BJgRMbo, ger_dobsdsMmo s bbgs;

3306000 - 00096¢0x035GHMMO, G030, dEYMIMJMDS, dgBRWM30L G030,
96mgMol bmdgdo (Loa®dg, Logsbg, Lodsmerg), 9OHMIMWOL FMEMEMdS,
X907MH0 IMEFMMdY, 9OHMGMEolL [j™bs, 9HmMIMEol Gom©gbmds, KxsdmGOo
Pmbs, MLoxOmDbMmMds, Lsdogm 3m©o, sdRBs360, 9000Mgd0, FIIBOZOL
b98936090gd0ol 0©9gbEH0B0ZOGHMM0 s Bb3s;

30d()m©gdgmo - 0wg6EH0R035GHMM0, ©LEbYEds, 0YOHOPOYIO/R0-
©0379600 3060, J0LHT>OM0, 3Ygnmbo, ge_dobsdsMr00, Boduo, BHEMIBL3MOE0L
Lobg s bbgs;
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3990 - 0096(}H0B035GHMEM0, G030, 3056007/193056M, EyMTsMIGMdS, Lobof-
g4mdm  0do@o, 300507905, GHZ0OMINEIWMO,  SYOLIWOIIIMYMOY,
900( @900l 00096EH08035GH™M0 s bbgs;

300008006530 - 00096@0x3035¢™M0, 3030, 8YMIMIMB, $H30M00TM-
BIMBS, 25LIHBOO  9OHMGMEol ILYIZ39d0 DmTgdo (LogMdg, Loysby,
Lods®eng), 300fMEIdol 0IBEGH0B03IGHMOMO, 5EP0WTIOIMGMDS s bb3s;

533MGHMBL3MOEH0 - 00096GH0B035GHMM0, 3030, BEYMIMIMBS, GHZ0OM-
dEMMds, 49LIBOO JOMIMol EsL5I3gd0 Dmdgdo (Log®dg, Loysby,
Lodo®eng),  A9LIHBOPO  JOHMGMEOL  ILYIZgd0  imbs,  FodLodor GO
©BHZ0MOMZ5, 5P IJOMJMdS, 30d(MJdOlL 0IBEHOR0IIGMEMO0, s Lbgs;

LbsM3060aBMm Ls@gzoMmmm 353mbo - 0wg6EH0B0ZIGHMMO, G030, GHZ0Om-
5009Mds,  m@EMEomds, L3390 IGZOOMIS,  SOR0IOYOIMYMOY,
909( @900l 00096EGH08035GHMM0, IEYMTMJMDS S Bb3s;

LsPgmdo - 00IbBH0R03GHMMO0, Lsbg, BOMMB0, LIOMMEO, ©935390v)-
wMdoL 3MM(39630, IBTZ900 IGHIOMOMIS, SEAOWIWOYdMGMDS, JobsdsGmo,
3039536905 H50mbbg s Lbgs;

39051030l bgerdg3Mrmmads 396G - 0 bEH0B03sGHMMO, Lsfigolo
9905M9Mds, 3M000_1, LEdMWMmM YOG, MIMOPO_2, 25>BOE30L
©06M9dMIGds, FOOIBOOO MBHY, 25ILEOL_MsM0M0, IEYMIMGMdS s Ub;

3905HB030L  bgmdg3Mryemgds  GHMBL3MOEHOL  FodmEgdgmNb -
0©96&080353H™M0, GH300000L_0wgbE053035¢™M6M0, d0d{mEadeol_owgbdo-
30353MOM0, 33000m0L Lsfgolbo dYdMgMds, MsMoro_1, GHgommol do@sbol
doLv3sM0, MIMOPO_2, 45IHBOE30L  VOMYIMWGds, ASIHBEOWO MIbYY,
39IBOOL_M5M000, BEYMTsMMdS S Ub;

3905030l  FMIOMBO - 0©I6GHOR0ZIGHMEOO0, Lsfiyobo  3mbBoEos
(Joemodo/dgaysbs),  asLgaol  3vbdEo/wmzs3os,  GHMbbo@mmo  ©sbodbwy-
©@90(9d)ol 5P,  LEdMEMM_3HoE0s  (Jowredo/dggysbs),  dgligarols
39964&0/m3s30s, 3s6doo, GHMobBoEHol Mm (2933060), GHMbBoGol Mm
(354 H™MBMH030) s Bb3Zs;
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39005030l 306Mds - 0I6EH0R039GMMO, 30MMdS  IEZOMMNZOL
5Q0R0dL, 3060Mds IB0TEMgdOL 50 (LsgMHMSTMOOLM 25sBOE30L
3060md9d0 - INCOTERMS) s 5.9.

5060360 md0gdEgdol s 3500 M30L99900L Boxgwmdz9w DY 53900

39 GH0IMEIMO0 2osH0w3900L LadMHMdwgdm bBgMmb 3mb3zg3G WMo
dMEYgdo s Mo mo  dMbs(39dms BBy,  9pMgmzg  AmIbIsMGOOL

0696 3x390L0 dMbs(39900 BB Lodwydsmm s Jobio QsbsbEgdol doBbom.

Lo3MMOWgdm  L@gaml dgbfogams s 299m33wwg3s, dobo  Tgbodsdobo
30033099390 Lobi@gdol 3bg30mbsenrto dmmbm3zbogdqdol
QoLOYPIBs, 0fjygds Use Case o Activity 0oa®Msd900L s39d00m. 9999 dsb
93943905 Md09dH-MH09bGH0MGOMWo  BowoBol 9Es30, MMIGEBY3 50390
06@9ModBHomwo dmgegdo - Sequence s Collaboration @osgM539d0,
OMIqdoi3 s0fgml dmdbdsmgdgwms 06EIMRgoLYdL s dsm dmddggdol
Ugbst98l 3mds35¢ LobBgdsdo.

d9-3 bsbsHYg 63969005 Visual Studio.NET Framework 4.5 go6gdmdo
UseCase 00530530l 836523960, ,»,300096@0 - 9Jb39o@GMM0 - 49sdBosgz0”
GO0 ©S Jom0 B969309000. 8999 9BHI3DY 0MMYMWO MZ5Eolm30L
(Gmol  g3mbdEoolmgol) oggde  0dbs  J3ggdoms 9649  5JEHOMIMMDIMS
05659900 (Activity-D). 89-4 BobosbBg 8m390v0s 5dEGH0OHMBsmMS 05Tl
165399630 30BbgL-3MME9LYd0M @S dBOBLYL-Habgdoo.

9m0936m  9BHO3BY 939539  JOMOMOO  Bregdol  (3¢0gb@o,
99b39OEGHMMO s RTB0W30) 0bEIMIJGHOWME JgIdsMs b3gbstdo, 5649
9008093MOMd0MMBOL  OsAGMsdgd0 (Sequence-D). Fopqoeoms©, 39-5 bsbsBby
9m399Mw0s 30009630 (BH30MmoL  Iglsgmm®ol)  d03I3MMOOMNMOOL
©O05M535. BoMH3IMMbgEgd0 Sbb3L 3eoliol Md0gdBHIOL, BMIgEmsbsi Aol
5936 MO®M09OHJdggds  T9BHYmd0bgdgdol  as33wol  mbybg,  GMIwobl
Lo3MA3zg Y3  Mbs  98mJdgEal  FgLsdsdolbo  3wsloL  dgMYdO
(3003300@o  gbggogdol  FgLobOPdEsE).  Gmwolb  Jdgpgdgdo
Bono9d90s mMmdo 300©g30Mmdom Hgdmsb J39dmo.
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uc UMLUseCaseDiagram1 ) =

«includes - nEamaba
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. ={ nEamobob - sEpatfinBal - bxBfaBlImsam
‘~ dnfigmanm T3 R CR S — ErymaEGas
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|‘ sBagmatn Boghoagh s — — ol N |
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Bob.3. UseCase - 003535 349300000 25005003500l
LobiEgdobomgol

UMLActivityDiagram actvitydiagrom < (I NG e S
act Activity1 )

abmmdans 30 Bmab Fgkat g L
- da0mals bati s,
- ayaBmank dabadstann, X
. mu anmnmm 0 gicab dagfh @
- By amanls b3t 3mhs, - - @ dntngiol ’ v
- 330fmal Aammaimds, | pobbabpafe G
G0, —l— | $meigh e <
- Bruyagcbgbo, . e
BT B woteies | y
' sy ’ "ﬂ,’m
© ERCE N I
(sindzeagntol
'lnﬁ amoiregio
abanaba
R atfagma el b0
\L uemdagmas?
A e | dapbogaol
i - Basaamak
Porr e e o— Rl | g
3 30k :% nfoato & W mm ‘ Bomabtiagss l
T
 andofigho
(e dab)
ol
Andbaggade L
S - 7 sttt
saga padba@ado yEadeh
_'e ST
Jrafighal ko <o DR IR0
l'“"‘i'”' el e et
STadhy CMR, BiL, AWB, RWS
$02880 | Bo@eihol Xyribos
aEmobde 3.ma&"§wmi“
mm“ sgaaRTr] Bodabiol matiagl

Bsb.4. LoliBgdol sgdEorMMdINS ML FMsTgbEO
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UMLSequenceDiagr...sequencediagram + > U0 IRUE@EERMERTET Y TS L ELTET) UMLActivityDiagram1.activitydiagram
sd Sequencel
#
dranbrrzbnly
= e
Fianldfann y sxamEabatos
>
<<create>>
anfmal SmBsy 8 s0l gkl b ass
»
>
AmBai 880l BxEs
L]
N
<<returms>
<<retumz> X
e Banfimal ExsmIan:
<<retums - a0 Amal bk by,
R - Exdanfimaal dabsdsfimn,
Ammirakol gam@egtegha 33 Aq@adrifoes - Bngyshol Anbsdsfme,
> - BEgmaal bt g,
- BanSmnl Marge 16 mis,
- GmBa,
<<retums > - ary T,
g - balmfagemn ga@obo
1]}
Bmeasthgeal dap e 13l A modnRnmeE EEPLEER
-«
- ® <<retum==
B
ArBafanl
(pamshnmank
mab Jaal) @angmn
[decision == "true"]
Jalminl gaghagls 13b3EoBmAmaE
Ll
<<retum=>
LBe3aImal” dnm ks 30 AEaAmEaDE ><
-+
L]
, < «ratums=
Y
@aiagmal >< ><
mea
1 4

Bsb.5. Sequence-D Gqoliongols ,Clienti”

3550005, ILsFHYoldo 309gbBHo 9oL ,,GHZ30MHMYOOL osbogzol”
Mmdgwodg  goMdol  Loodbg @ 5063gMLgdl  30MMdgd0  Maz30L0o
d0bBbgdobmgol - BH300000L  AosLOEbI©. FoMTs MIgEHgl Fgdmbgzgz5do
L635HMI 0MMHOOM 56 BOB0ZNO 30OL MYROLAEHMHEFO0L J93edL. M) 3060
»3390005%, 0l 530L0 BbgEIOM S 35O FOPOL 53EHMOODOGO.

3990099 3m@9630M0 300096EH0 53L9dL FMALIHYMYGOOL BOGMAOL ,,LgMHZ0L-
R}MOISLT, Losg 0oL 2ooboGB0  BHZ30MMOL  Tobolioosmgdegdl s
39MAMB0M  JobsdommgdoL  (Lofgolbo,  LsdmErmm).  ,LgM30L-GMOIs*
06@9m3x390Lb0L ML SLOWMWGOL  3e0gbEHOLM30L s 00 F9BMI3LYdME0s
dmdbobmEgmdol oMol  LsoBBg. o Tgo@obgds Tgdgao  Imbsgdgdo:
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A3060m0L (3030, IYMToMgMds, 39539M30L 030, JOHmGErol Bmdgdo (Loa®mdy,
Losbg, LOTsg), 9OHPYMEEOL FM(3IEXPMDS, KITMOO FM(3IEMDS, JBMJMYOl
Pmbs, 9HmgmEol HomEgbmds, K58m0 Hmbs, MLsRODBMMBS, Lodsgm 30O,
39939360, 30d0qd0 s Bb3;

309630, 3993bmds M5 9Ju3gOEBHMM0EIE FoMgdME  0bRMMIS30SL
395003900l 30MHMdYd0L Jglobgd, J00@gdL 4osFY39EHMYIL (IIO0O
b medymzomo) 999ga0  Jd9gdgdool  dqlobgd.  IEIdOMOL  OMUL
99b390EGHMML YB3l F9EYMd0EYBL, M B HZ0MMOL Q5oLoEJT5.

99b39oEGHMM0 () FME635653005 OIWIIOMOE J9PYs) 05603l
A300mL 0096E0B03OGHMOL s bgdg3egdol 0IBEGH0BR0IIGHMOL. 1939
503905 Sequence 0sM53900 gJu39EOGHMMOLS O A5TDOIZOLOMZOL.

A306000900L 39 EH0TMEICIO0 JoIHBOPZIOOL 53M 3565 I35 300 9-
60990560  Mm3GH0d0DsEool  58m3b6sms 3oLl 8093mm369ds,  MMIgams
3900509390 9L5degd9E05 Flodsdolo EIMEHIOI0bOLEMEO, LEHMmIsLE03MMO

56 000393000 MY gdol  Lsxgdzgwbyg.  Hobslfe®  Mbs  Tmbgl
bo3MMOgdm  LRgO™L  LobGHYIMMO, ®d0YJH-MM0xbGH0MGPMWO  SBseroBol

Bo®oMmgds,  s0gml  JgLodsdolo  omm3zol  LLobxgm®Isgom  LobEgdol
0b6g3M5LGHOMIBHMGms dmbs3gdms d5DgdoL, FMmbo@BM®mobyol s osHY39¢0-
@qdoL doegdol dEM3gdol  9MHMOWOMdOm. SO FMPIWGOOL  5a9gdOL
36MHMyM53Mo  MHBOHMb399maol 894dbol ©939em3dgbEo MbogosoMgdmwo
0mY0MgdolL ¢gdbmermpgdol bagdzgwby I9HO@ SJGYIMos. 9Ty
939390b9 30 I9bsdegdgo 046905 0d0GHSE0OO FMEIWOOL 5905 @S oLy
994b396M0d96@9d0L BPoBHMYds M3gMIBO (M3EGH0TIEMO) YoTY39IGHOLIOJOOL
doLoM9ds® 3H3060mM900L I EH0IMPICMMO FEIB0Z9O0L bigOmdo.
6590l Iglssdg 09380 gobbormaos 3MEEH0IMEIW M0 YosbO-
3990l sMm30L  53GMIoG0DYOMo  LobBHGIoL  mBgHH-2P0IbHOGIBIC O

©330995980L 93Hs30L  59m(396930L  205fY39@0. 39MIM®, 99848539090
LoLEBHYIOL JeslMs-SBM(305300L OOYMSAgd0 (B5b.6,7).
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MetaClass

SubClass

A Ship A passenger
SubClass
=l Attributes = Attributes
+ length = Op A Sub(Class
SubClass MetaClass +|oad_capacity =
+ Name .
A Airplane A Transport + ShipId = Attr'h”tes .................................
+storage_limit = Op A mixed
= Attributes = Attributes + volume
+4ird +1d = Operations 1 3 Attributes
+ condition + Name -
+ Max_transportable + TrMode SubClass 1= Operations
+ Model = Operations A Truck
+ volume + delete() _
=l Qperations + Input() = Attributes
+ allow_unit_weight
T + Attributel
T SubClass + Load_volume
+ Trld
A Railway +Type
= Operations
= Attributes
+ Attributel
MetaClass +Length
+ Rail_Id
+ RType
=] Operations
| SubClass T SubClass | SubClass
A dosed_wagon A open_wagon A special_wagon
=] Attributes = Attributes = Attributes
= Operations =] Operations =] Operations

B3b.6. 3g0330MgMdOmO (inheritance) 353800980 GHMBL3MOEGHOL
Lsbggdol 3ealigdls FmEol (3esliogolsEos)

3wolbo  MetaClass_Transport sMolL  dg@ogzeslo  mmbo

950,
J393wsbobomgol: SubClass_ Airplane, SubClass_ Truck, SubClass_ Ship o
SubClass_ Railway.

3306000 — {o63Mgdol 36030 (bgwmgmeo, Bobgzs®xsdMm03s3900,
3B 30:m1YJ309), 30000 BHEMBLIMOEHOL J0gH osB0IsDY.

A3060m0L 13090900 96 5GH®0dMEBHId0, MMIWgdoiE Jmbosggdms 35Bsdo
Mbs 0465l 9bsbmeo 898909 00090EGH0R035GHMM0, FH030, 8YMIMYMY,
995399530L 3030, OG0l Dmdgdo (Log®mdg, Logsbg, Lodswwg), ghmgwmeol
AEMMdS, X5FMMHO IMEMWMdY, 9OMIMEol by, JMmMgMEols Gomgbmds,
X9076M0 by,  MLOBOMbMMdY,  Lodogm  3mo,  2sdxHogbo,  dodmgdo,
393H030L  bgedg3mmgdoll 0©IbGHOR03IGHMMO  ©s Lbgs. 993565,
A306000 bsliosmgds F9bsbgzols M19:50800, FJRMM30L, FIOIGZ0MM30LS s
3903H0©30L bgdbgdom, 50B03MM-JodoMmHo M30L98900m, 25sB0E35YY

Podggbowo G300 mgdol Dmdgdom, dmEremdom, Jsoms s BMEOI0.

20



N SubClass
A Txevadi |
‘ R MenaClass A o SubCluss =
A Vi i A A Conteineruli
= Arbutes ‘ Tvirbebt et
= Operations S Attributes S Attributes K R — =
B 7
+ GagzavnisTarigi + dasaxeleba E (A Tomrebiani
A +gamgzavnisD +moculoba =] |
A Masiuri +mdgomareoba K—— +saetold | S pltrbutes _ qupClae
‘ g A
+ MigebisTarig + shefutva ki | (A Paketuri
3 Attributes +mimgebisD +20ma_sigane L
+saxeoba +20ma_sigrze L | © Attributes
+dasaxeleba R !
+ masid ; + TvirtisID +20ma_simagie AN 3
Fmocilobs = Operatices = Operations < 12 Litonebi S‘-m -
n a 1]
+tsona + Delete() . == MetaClass (S At
+type + :ﬂpbﬁ) T i = =
B Coudion } +Modify() ‘ | 2 Operations SubClass
MetaClass | : | A Gabarituli :
= Atrbutes
SubClas SubClass SubClass 3 0
A Pxvieri s A Nayari A Spechode 3 Operations
. . ! P SubChss
= Attributes = Attributes = Attributes A productebi
= Operations = Operations #spedld ,
+type [ | 3 Attributes
[
S Operations | = Operations
= SubClass : ‘
A Xe_tye 4
= Altributes
5 Operations - SubClass r ‘ - SubClass SubClass
X A Sashishi | A cooxali_tvirti A scraffuchebadi
\
= Attributes = Atributes | = Attributes
= Operations = Operabons ‘[ = Operations

Bsb.7. 3993300MgMd0mO (inheritance) 3538060980 GH306HMOL
Usbggdol 3esligdls B0l (3esliog03sE0s)

0¥) G3060m0 F9BRMOIW0S  FoIB039d0L  3060HMdIdOL  Fqlsdsdobs,
3563009005 {falgdol dobgz00m s 0dgmaxgds LsFoMmm 3mboEoMgdyye
9yMBsMmgMds80, 00 T90dgds IEMWS® 09465l  gooBoMo. sligo
d9000bg393580  0om3gds,  OHMI 00  09gmxygds  GHOBLIMOES0gWME
M35 9M0580. GH30000L dEAMT>MGMIYGOOL JOMMOIWOMdS, dolo Lsfyobo
9 MB56M9MB0@L LEdMW MM JEYMTMYMDSAY, LHGHMBLIMOEGM [gbgdols s
M396530900L  BomM3w0m, 2obbowmwo 93996935 9mBY3bm  39MoaMex3do
MM JMOIMS  OoQMsdgd0L  (Statechart diagrams) ULoboom. @Ggz0Hmgd0L
LOHYMOIMS IR YMBJOS TG Gd905 98I 39BIEMNO0YOS©:
- 639450 ©3 00 BgsMmo F3000g00: boysr0 3H3060mMOL 35¢39aMMH09golL
909399036905 mbg3z5000, MO0  bsgo®0o, bgm-bsgo®o, dOdosbo s

21



399060/ 353M0gdw0 BHZ30MHMJO0; MbJY3500: bywo bsgmmdo, Bagommd-
36 3HJooL MIMO3wglmds, ©306M, ombg35gdwo BsbdoMo; Mo
Bogs®o: 3o6m(33c0ge0, Todo®o, 8b360wgdo (5¢dobols #sbgo, mobsdofy,
3999630); Bgm-bags@o:  BHyol  3OMEIHId0, BMWoEOL  3OHMPIGJOO,
0JOOMYPOMWO X IOM0; BCIMDdE0BO: 953BHMo6496900, Lo@zoMmmm sbdsbgdo,
LoM3060aBMm  359mbgd0;  g9gobuyemo/gsgyMomgduemo: bmMEo, bowo, Aol
3693900 ©o 5.0.

99-8 BobsBYY I 39905 BH30MMJOOL 3MEEHO0TMEIIMHO 25IBOW3Y-
ool 36MHMm3gLbol  3slimo-sLMEOSE00L  OsRMLTS  (3Esbs  MOPDOYOH-

393006900m), 35LOL (33W5YO0M (BH03900m) S Jesliol IgmMEYdO.

d00gdMo  O0Msdol  Log3mdzgebg  Fgledrgdg0s  MOMMYYO
3sbol  dgLodsdolo  3mEol  53GHMIoGH0BYOMwo 296300l 3OMEgOmOL
Bo®ot9gds o LodmmmnE C# 36MMmaMmsdol 3mgdol doegds. gl 3MmEgbo
9600369cmgbo 53500390 LoLEJIoL  IOMYMTMwo N HBEMblgEymaGol
999Jabol. 09-9 bobsHBy bohz9gbgdos 3MHMyMsdro Fggagool BMORdbEO
Solution Explorer-8o. 1 s 2-coli@obggddo dmEgdoeros Transport.cs o
Tvirtebi.cs  3ewslgdol  Jglodsdolo  3mol  BMsydgbEgdo,  GMmIwgdos
3969000909 0465 93EHMISGH0BJOIME H9g0ddo mgzoom Visual Studio .NET
36OMyM53MEo  35393H0L  0gM, Mo3  M939MLbo  0bgobgmobyol 3500
3ogO0MO00.

539005 3 EH0IMEICIN0 25sB0©3900L LoLEGHYIoL FEPMISMIGM-
doms  OsMsdgdo  (Statechart-D) ULEHobo®GH™Mwo s  9MoLEHobs®EMwo
00BbgL-3MM39L9d0LSMZOL. BoROMOMS:

dm3cmgbs_1:  R0GL-0ss00659cm0  bodpspos  3oosBdzokoz0lb  sb
@©@s603629¢980L 306Hdo;

dm30m9b5_2: 39emH0dmser)H0 355 bogs §s00bs3¢r0bo bodeysooo;

dm3em9bs_3: ©9096350b 05 da9b0b bstpcgdol sbgstodo.

50 Ubbgoolbgs  GHodmémo  Lodvsgoobomgol  dm3gdmeros  dgbosdsdolo

390509Y3930L I9gm©9do. dMYgddo SLobMEos gzgms ol BoBbgL-Holo,
HI9lsE 890390 500 3Jmbogl M9go® doBbyl-3HMm3glgddo.
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//----Listing 1 ------ Transport ------------- Solution Explorer e TS
// <auto-generated>

) W e-eRAR| o s=R
using System; 3] Solution ‘MultiModalTransUML' (2 projects)

using System.Collections.Generic; “ & _M.UTMM‘"%UMLDBQ
) ) ‘B Layer References
using System.Ling; ModelDefinition
using System. Text; & UMLActivityDiagram1.activitydiagram
public class Transport ## UMLClassDiagram1.classdiagram
{

b
b
b
b BE UMLClassDiagram2.classdiagram
public virtual object Id {get; set; } b B UMLClassDiagram3.classdiagram
. . b
public virtual object Name { get; set; } b
b
b

7 UMLSequenceDiagram1.sequencediagram
L. . 7 UMLSequenceDiagram2.sequencediagram
public virtual object TrMode { get; set; }
public virtual void Input()

¥ UMLSequenceDiagram3.sequencediagram
¥ UMLUseCaseDiagram1.usecasediagram

{ 4 [c] MultiModalTransUML_DiagLib
throw new System.NotImplementedException(); b S Properties

p =m References
1

.. . 4 GeneratedCode \/
public virtual void delete() Rl
p ¢ Clienti.cs

{ b ¢ Expeditori.cs
throw new System.NotImplementedException(); b v Shekvetal.cs
} b c» Shekvetal.cs

}  Transport.cs
b Transporti.cs
b Transportiori.cs

/]-==--- Listing 2-------- Tvirtebi -------------- @ Tvirtebi.cs

// <auto-generated> ¢ Tvirti.cs
/1 Solution Explorer RISTHR ST LITI e EEAVTEN

using System;

using System.Collections.Generic;

using System.Ling;

using System. Text;

public class Tvirtebi

{

public virtual object TvirtisID { get; set; }
public virtual object saxeoba { get; set; }
public virtual object mdgomareoba { get; set;}
public virtual object gamgzavnisID { get; set; }
public virtual object mimgebisID { get; set; }
public virtual object GagzavnisTarigi { get; set; }
public virtual object MigebisTarigi { get; set; }
public virtual void Input()

{

throw new System.NotImplementedException();

}
public virtual void Modify()

{

throw new System.NotImplementedException();

}

public virtual void Delete()

{

throw new System.NotImplementedException();

}

55b.9. 9900g3900: sbsero C#-3ealols
3Mg%0: Transport s Tvirtebi
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50539 05300 256bowmEos 3mEEGH0MEOIWIOHO A5sHD03900L 53E™MTs-
G0D9dmwo LolEgdol dmbsgdms dsBob v9d0L sTMEsbs. 39Mdm Ls33zeg30

009d3H0L 39393MM0Mw0o 5BseoBols s MB0YIE-OMEMGO FMEIL0MgOOL
09MO0-0bLEGHOWIIBGHMO  535M5GHOL  2sdmYgbgdom  Fgdmmsz35HgdME0s
L53MMOWGIM LRIOML 3M6393H Yoo bdgdgdol (ORM s ERM) s3¢mds@o-
D90 ©9:0880 3MMYIBH9ds (655.10).

Client Rail_Wagoon =
- irplane
# * Client_Id < # * Rail_Wagoon_Id
* m3Value # * Airplane_Id

* Tare_Weight_Ton * amValue

* Type_Wagon * emValue

Freight

# " Freight_Id
* anValue

7, Airplane

\Y Rail_Wagoon
\ P

Freight \

R has \‘ has 7

* amValue

) Supllier
carries
# * Suplilier_Id

7’ N\
7 has thas
// N
involves pivolves Ship Trucl\\

Order_Signed_Client_Freight Ship Truck

# * Order_ID # * Ship_ID # * Truck_ID
* m3Value * LoadVolume_Code
* m3Value * Max_Payload_Ton

I \

Bisb. 10. 30639352160 bggdols slisbas B3 39Gols Fmgmwoo

d90pamd dobo MA039MH0 O BOD03NYOO LEHMMIEGHWIMIOOL oIEIDS
bgds 9gbsdsdolbo DDL-gsoeroom (Data Definition Language) 9mbszgdos
69530w9M0 dsbgdol Ms SQL Server 2012/14 bobiEgdsdo.

©obgMHGHs300L  Igmombg ®s3do  Im3gdMEos M EH0TMEOICYOHO
3903H03900L LoLEZHYIOL E0bsT03IMHO BOBOYL-3OIM(39L9dOL MY OMYdOLS
Q5 330930l 53m3560L 490509Y393)d 39GH0L 305103 MMO S BIMSO JugEgdoL
L593A39WDBY. 33009008 FMEGHOIMPIIMMO  A9IDPOE3gd0L  5TM 3D
3653536003 gM09d0560  m3EH0T0BsEo0l  sTMEsbsms  3esbl 809336909,
OMIgms  3950Y39¢)d TgLodEgdgos  Jglsdsdolo  YMEHIMI0boLEMo,
LEAH™JOLEGH03MO0 56 0oFSE30MMO dMEYgdoL Lormdzgebyg. Hoboslfser Mbos
dmball  LE3OMdEgIm  BGIOHML  LobBHYINMO,  MdOYJBH-MM096EHOMYdIMWO
365¢0Bol Bo@o®mqds, 50gml G9Lsds30lo o030 LsobgMEMTs30m LobEgdol
06gx3M5LGHOMIBHGms dmbs3gdms d5DgdolL, dmbodMm®mobyol s 9sHY39¢0-
050 30M00L dEM 3900 JMNMILOMOOM.
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Mboxgo30MgdMwo  dmEaEo®gdol gbol  ©obsdozmeo  Fmgwgdols
(5dBH0WOMdOL s 8YMIIMYIMOIMS OsREMSFJ00) s 3Bl  JugwgdoL
305839008 0BMIMHROBIoL  LBogmdzgbg  obbMmOEogw©s 33193000
bobosmols  Bsddomgdol  Bo@otmgds.  39MHdm, 39GH®ol  Jugwol  aesxgo
3990myg9gbgdme  0dbs GMAMmO3 0doGsE0wGmo  dmEgwo  Jglsdsdolo UML-
053053900l 8o gdols s sbserobolismgzob.

oLgMGH30530 gobbme309cs UML-©006M53900L  933035¢96@w60
3936MoL  Jugarol aMoxgdol  s3gds PetNet++ o0bLEH®WI9gbGom, O™IgbH3
030@&5306 0950000 350M 3309 06905 B0 OMOMO FoHILOSMYdGdO.
SLbgmo dgomo UML-@0og»59900bm30L 56 sOLJdMIL s dsmo dgxsLgds
3065306 396 bgMbgds. 5933500, 9GO0l Jugwgdom dmbgds UML-
05659900l ©0bsd03MEM0 3MM39LYd0L Fga3olgds.

393Mob 139Mso Jugegdo (CPN-Coloured Petri Net) ds@owo @mbols
LobEgdmemo Jugeos, 020 FEMdL Md0JJEH-MOH0IBEHOMIdMO MY OMHGdOL
doMOmMI© M30L9390L, MHMYMOOES 09MIMJ0MWMdS s §99330MIMOIOMMDOY,
51939 3sLdo FglodegdgE0s bGMIslB03MHO 3MM(39EMOIOOL Bolids s 8909
dno0sbo Jugeol 9BseoBol BoEIMGds HIMIbMOM030 obolinsmgdErgdols
doLogd9. FoRo0mMs©, d9-11 BobsBbY dmzgdreros CPN Jugerol 13Mogdgb@o
956 393H0bgmwo LolEgdol Jogoomby, 3OHMm©MJ30oL dofiradol (BH3oMmmol
39052H5360L) 360mEgLOL 0d0ES30MO IMPYEOL Laboo.

Market

Mza produqciis gadacema damkvetze
T(1,'Prodl_ ")@O+++
'

1°(
17 (2,"Prod2_")@0+++ - -
17 (3,"Prod3_")@0+++ Simulation
1°(4,"Prod4_")@0+++
17 (5.,"ProdS_")@0+++ po 4 nL:
17 (6, Prods_")@0O+++
17 (7,"Prod7_End")J@0O+++
LRIEESS 17 (B, #######4#")@0 (o
Mza
N_produqgcia 7
100 1° 100@0 “—--/ i Sy
W ait | 1 produ_cEa/ -
i ; if OK(s,r) DATA,
tNT B | b erm=he @+DEL() then 17 (n,p) ek
h. 4 else empty =
wait Produqciis RV DE Produqciis andaltso
3 partiis —P{:}—P = partiis Erfebnssif/\p
gacema (n.p) W.R)l | gadagzavna INT=DATA alse str
2
@+12 "

F Y
s
TenE](SEl_ 1B 1 1 el

Shemde Produgciis

1 1@0 migeba 1 p_ar‘t|||js

Ten8 (541, 1°8 IN =

B : if n=k @+13
= then k+1
else k
INT X
Dasturis " @ Dasturis if n=k

migeba n if oK(s,r)|] 9a0zavna 3 n () 3 trlﬂenkk+1

then 17 n " INT alse

g else empty @+DEL()

Bsb.11. 0do@sgowymo dmpgeo CPN Jugemoom ,.30meydiools dofjmogds”
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36MHMYJ300L  39MEGH0900L 4593 BgboL  ©oym3zbgdol MOl  (wait)
bbgoolbgs 8608369 MmdoLsmM30L 30gdMWMdm F9gaq00L  goblibgogzgdwmen
36083690 ™md90L.  9du39MH0dP”EHMWO  JBom  O350P0bgm, O™ bsbIm g
©ogm3bg0s  BMH@OL  FobLL  obTgMmEGOoMO A9 BIZ6gOOL 930050
B3O YIWH. BLOFM 300l 0bLEGMTIDEH00 53493530905 39BHM0L Jigwo ©s
9563960900  (30:mIBH900)  ©o0Yygdl  IMIMsMOL  ,,000(M©YdIOEI6 -
©5833900065396%.  3OHMm©MJ300L  B0MYdOLmMsbs3g 993390 aB3bols
900(™mq9d9gel  993Ymdobgdsl  (Dasturis_gagzavnis  2500Lobgwgeo), G™JI
360HmdEHo (Prod_ID) doopm. 39-12 bsbsbBg 65h3969005 15 9du396H0096¢ 0L

390092900 ©59m36900L EMHMOL 330EgOOLSL.

step=f1(wait) time=f2(wait)
600

o, 600 '
500

& so00 |

-

= 400 Wait

L WA 300 ]
5 300 v || .- ime-end
- 200 —
= 200 Step Tirme_wait
E 100 100
E

0 Qo

1 3 5 7 9 11 13 15 1 3 5 7 9 1113 15

400

time*10

Bab.12. 39 ol Jugerol odo@sgool 8gwgagdo Wait 5 360d36gemmdoliorgol:
step — 30mEgLol ELMEgdOL BoRIOOL MomEIbmd; time - LigMzoligdol ©s3masggdols Mm

©obYOH G300l Igbymg Ms30 9bgds MW EHOTMEOMMMO J5IBO39OOL
@maob@03MMo  9969xF9bGHOL  d30DBbIL-3OIM(3gLYdOL  53BMDoEH0BSE3O0L
L530bgdOL  4obboZsL. 39Mdm,  Ho®mm©Ygbowos olgM@ssool (obs
0539000 39849053900 ImEIEgdoLy s seam®omdmo  iggdgdol
3005970 MHgowobsgos Ms Visual Studio .NET Framework 4.5, Ms SQL
Server 2012/14, Natural ORM Architect s Ubgs CASE &9dbmemyoqdol
3990g969000. 31 EH0TMEIM0 49IHB03900L LOLEGHIFOBIMZ0L TJIM™S35-
B90Mmos  bsdgm™3g  LYM39MMIO s FMOOWMHO  3YIbmemyogdols
399myg9bqds 06830MHTs300L M39MG0MEo (Mbwsob M9g7000) gosEgdobs o
3965b30L5030U. 58 FoBbom, FoITHB0WIZ30 3NO3MMH300L 9Ju3gEOGHMEMYOOL,
AG®obL3MOGHOMMGO0LS @S 3Ww0gbBgool  oLEbEoMEo  Lszmdmbozszom
LobGgds Mgoe0BgdE0s Ms SharePoint Server-ol, Ms SharePoint Designer-ol,
Ms SQL Server-olb, Business Data Connectivity Service-lU s MsInfopath-ol
065303160 3mOIGI0L LT s gdom.
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L3360

LoOLIOEE0M  ®9dol  BoOPEgddo  BoGIMGIMWo  La3OHMIJEHM—
33093000 153MFomgdol 99ga00L Loxgmdzgebg dgladergdgwros 9990
513360 go3gmgds:

1. L5gHSTMOOLM, FMYPEHOIMPICMOO FoIBOZJOOL F0TSOMIEGdS
909399036905  @maolBH03Mmo  3969%I6EHL  (MMRB0DsGoMwo  FsGrmnzol)
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ABSTRACT

The present dissertation “Automated management of multimodal
transportation business processes” discusses problems of managing business
processes of multimodal freight transportation. The literature review is based on the
experience of overseas countries and companies in this direction. The problems of
transportation of goods in Georgia and their statistical or other accounting sources
are described. The characteristics of marine, railway, road, air and inland transport
are analyzed. The advantages and disadvantages of each are separated. Explains
multimodal transportation improvement issues in terms of optimization of
international cargo movement. Functional tasks of operational management and
monitoring services and their possible automation are also considered.

Using modern information technologies, such as Business Process Modeling
Notation (BPMN, based on the Process-oriented Bizagi Modeler), Enterprise
Resource Planning and Management System (ERP), Customer Relationship System
(CRM), Simulation Modeling System based on Petri Color Networks (CPN), are
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modeled on appropriate models. On the basis of which quantitative analysis of
certain characteristics can be carried out.

International level of development of the abovementioned field and
broadening of its use in Georgia are discussed in the present work as well as analysis
of types of multimodal shipments with emphasis on modeling and improving
automation of business processes of a freight forwarding business based on modern
information technologies. BPMN diagrams of business processes in multimodal
transportation have been developed based on process-oriented and object-oriented
approaches. Multimodal transportation business process support system infrastruc-
ture is proposed. Structure of management information system of the problem area
has been designed with database, monitoring and decision making blocks.

The present work presents the database design for Multimodal Freight
Forwarding MIS system, development of software and user interfaces using CASE
design and hybrid programming technologies. In particular, this work proposes
conceptual schemes for multimodal freight forwarding (ship, rail, motor and air
transport modes) problem areas with tables of Customer (owner of cargo), cargo
(transportation object) and supplier — freight forwarder, with Object-Role and
Entity Relationship modeling (ORM/ERM) instruments, developed using Visual
Studio .NET Framework 4.5 and Ms SQL Server 2014 package.

The Dissertation also presents topics related to construction and research of
simulation models for dynamic business processes in multimodal transportation
using Petri Nets. Such models are constructed based on class and statechart diagrams
of unified modeling language. Standard and non-standard statechart diagrams have
been constructed for the problem area of multimodal transportation (sea, rail, motor
and air transport). The dynamic diagrams of UML and isomorphism of Petri Nets'
graph, it is possible to make research on activity and statechart models using Petri
Nets. Simulation will be done using PetNet++ and CPN packages, while software
generation of classes - using Visual Studio.NET 2015 platform.

This work also presents software development related to developing a
distributed computer system to support business process management in multimodal
freight forwarding. System infrastructure of a corporate system is presented using
service-oriented architecture. Flexible user interfaces are developed using hybrid
programming technologies (WPF,WCF) with data processing and mobile data
transfer technologies. This thesis also emphasizes development of user interfaces and
data transfer services using mobile technologies. This work proposes cloud services
for applying to database for the corporate web-portal.

System for communication on distance among forwarders, carriers and
customers is accomplished by means of Ms SharePoint Server, Ms SharePoint
Designer, Ms SQL Server, Business Data Connectivity Service and dynamic forms of
MsInfopath. The system developed enables members of a company to unify
colleagues located at long distances using s single information portal, for them to
efficiently manage information during its the whole life cycle. The system also
enables for efficient decision making; efficient document handling based on real
time access of various users.
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