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Y7972 DOMNHD DNV YN NMOII2 TINN NN NX NN ANINKD MY NINNPN N MINIOND
NYYNOY ,NON OMPOY .PINTINI DTN IRMND 12NN XIN 21390 VNN TYNRD ,NTNON IRNNIN
,IYTN NPT DY MNP DXMONND PITY 121N ,D0ON DINDNY INON) DD N IND OININNRD DO
925 NIMP JPON MYTN XY JN OX DIV ,NNVYPNN DINN 1P, MNTPNN NPNINOV DY NI
LDONTIPY PNIVIY MNINDD PATH KXY TY 1INWI , D0V 1901

S NMINOYA PITY RSN OIYN .NINTPNNDY NOVO MINPYH NNNTIN XN 92vN Do NN N HD5
YINY IPPY T DOWNINNDY DMMIPYNN PONY YYD 1N 125 T8 ,COVID-19 -n 9 oy MT1Hnnnn
,D112 MW DPPA PNNVLN PNODINN NN 7O9XND”7 DNMNIN.NNNP-VDID DY DIV, X120 TNYD D) DOY
NYNND NINIIN NIIVN .INK MYDH MDYV DMIYY DI IN WINNY TIT2 P YT 32120 TNN NXOD
TN XYY AN LYHD MYTNHNN NIVAND NINPIAN NIIWNNV 290 PPTI,PINID INIDID NPNTNOV
NY IRYMY NIND I0Y ISNIN 920V DMPWH MINDIIT 9900 P9 10 YN .79 232N PIvd ynb
DYTPY YNONN 92WNT NN PNY INNY TIND 191 7D DNINVN DM YN 1M NN MIVN TNN D)
YOTIND ,ONYNIVN TN DMIINNN 9932 ODNND XNDAM PINNAN TINN NIIYNI MVITI MNN
20792 Y THM

DYYTNN DIYIIN DY) DINWNN DIIINN DY WIANT TN VIR OXIPIN 2000-N NNV NY>NNA 91D
21001 D5 TR TOIRNNY DTN NNNPI ,NPYI PIND NNV NNV TN MINN OOWITIN
MTTINNN NN ,NOIINN NN NNNPI ,TNSY NIIVD NNNPND NN NTIAY NNHNPD 07NN
DY TPOTIND NN NYIVNN PINN DXVWITIN NN PIXINA D) MV XN NPYA TNNN Y DY
N909n1 N (Accreditation Board for Engineering and Technology, 2018) — ABET y» x>
NON DN DOTINN NYIYNN RYNA MNINDAN YT MNNXD 1IN INPIINND 71NNV NOTIND
;2019 ,9100¥ 7VI2) NPOTHIN NPRVIDIDINN NYIVN XYY DXINN NIY TRND TY DOWITITI DNINHN
JNOMNOYTIN NNV TINNN MINAD D) D1VMNDNL(2020 ,50) XD PNT

NNV MNYA 1N ,NIWNM NTRON ,NINRNND 27T NPW TN W HONNIOVN MTID-DYN TN D) 129
925 DOWATIN DMPWNN PN ONDNN YNNI ODIDD PMINIIAN IAWNY WP D) DY 1aWN MNYa 1
P20 IWN,NMINAD DOVPNIY DY NIIWNM NININ TONN WITI APV ,OWND NN MONMNND 1T
MYVISPNRI DN IDI9 NNDNI DNN ONNN DY TPMWNYN NTIAY MNINKD D1V Nysa
LIUR-XNIMVY) YOTINN 1IN TONNN NIIWM NN DY YR PN PMIAPYIYI (PV-110) DPNONOVN
125202 NOIYM NTNY ,NINRNNL DXTPNNND DIODN DIRWD DN (2019 T XD DY DIP-1AN
YYNNN NIN 7INY 292 NIVN NPNX PINID INNN,OWND AT YA NPPNRYR MONMNN DX2APNN NP
MOIYNN 952 .(2020 ,11NNHYY 1IVIT) 90N YN NTNIDN IRNNN DITPYI NV TYNY DI 1IN
TPNPRIVIND NV NTPINND NIIWND NNI/NNA NTPINK NIIWNN ,TINY INNNND YN vIT
NMPNA OMIONNN DY NPNA NIV N M .ARDNN DD TON P TON M TOON P2
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)92 TV RYID PINID IRNN XD, 1NMONT ,DOWITIN OININ DY TYNN NN )INAD N0 NN, INNPN
NNy

NN ,1INAN 995,290 TAYA NN IWUN PININD DTN STIND DNMNND TNNN NIND INTNL 0PN
STINN NN 555 HYW NI NTNY ,NRMIND ©0IN

NMPN N30 NIIYN DIV TNKD DIVITIN DM DY ¥y )0 .2

NMNPN N30 NIIYN NTNIY ,ANMNY Yaynn 2.1

NNN N2 NAYY INON) DXNNN .OYI INND 127 MXTN X I ANNN TONN HN INNPN 12wn
SNNTO-MMDNOV NVNAN ONIYHVNI MNTI-NOV DNN DAY NNNY ,ANDN NMPNR DTN NNIINY
2N72N-P0 VNN MNPN N0 NN DN L(NVLWD 101 XD DINT) MO

RTIO NPYW OMNNN ,VI92 NINPN N2X202 NTMIDN DY NOIYM D02 NINPN N0 NN NN
955 M2YY Y5779 HYWNNNN MDND IPDP 27NIN MPTNI 50 53 ,NNNPN NN MIAPYL ,OWND .TIdNa
DYD NYa 772y XI/I2W”7 NIPXD MINGY IN NTNRYN DY NOIYNY NPVITIVD NNODN NIIWNND NIV
awN) PNV ,ND NN TI9 "W (Reich, et al., 2020) MINVIDIDIINNN PINA GN T )I12PNN 190N N2
DINONNDT NNDD TN, 09230 DI OINNP

N7IWIA DX . TNONY MNINND KIN 19INI NI2Y NTNHON DPP DIYD NPINKRD DI ,ANNPN NN 032
DX0NN Y2 NVIYVYN NN PAVNY TN TPNMVIN NTNY DY INDND TN NPN 19INA THDNN NN
NODY 1397 NOD TN 92¥N2 VP D270 ,0910 DY DAY ANNA ,TPNNITH NN TOOD NTNRdN DY
2y DOIANNY MIAYN NMPN NTNID HY IWPNA NTNROM NIIWNN ,NIRNNN .O>TTINN D DY NIVON
12NN A[PAiaP; NIVNa TNRONN v MNNONNN NYNNPNIN
nvNT WO Noyn (Barak, Hussein-Farraj, & Dori, 2016; Redecker, & Johannessen, 2013)
NNOY DMWY DXNNN ,MPHN MNTD ONY IWINOY ;NN DN DY PYY) 2N NI DXNNIN
TPNNND NN DNYY NIIWYNN NV MDY TNSD 1D DOPIPT D NNNY NDMINN ,)1D0 .Myn DNd
MIVHN NN PWYND NN DY DX TMDN DY D1NXIAPN DMYIND DYIIN NN MOND DNOY NN MNdSa
TNION

: 027599 NY2AINA NN NN NVIDY NAPNN NINPN N0 NN NTNON MIVN MY

(PCK—pedagogical content knowledge) »»719 1 m y1> o

(TPACK—technological pedagogical and content knowledge) »on-")79-91000 y1> e
(Koehler, & Mishra, 2008)

(AK-assessment knowledge; Avargil, Herscovitz & Dori, 2012) no9ynay1 e

MDOVPII NN e

01N 295 TIAY> MNAN 930 515 1OON DXXI1IN NYAIND NI NN VIV NN ,NNY MINY2

D NMPN N0 OMPD D19 KD VYN NI NI ,NINT NMYD ,NNNP JITA .YUXRIN NANDIMI NITIIN
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NN YY1 IN NP 1O NN PIINTY DMIOIND DXMIND IPINA DX TN AN INDD DY NN
,IVNINND PITY NYNINNY ,DINPH N2DA NIV NTND ,DIRNND 12NN 1IN0V JXIND . NNMP
NTION NN DXPHRYNY THND DIDINY DN 0N, POINDY TONNN NNOSNY NNONN DN .0 NN DI TN
TPIAND DD DY NPHRN

IPNI XD LYND NIMPNRN NTNPDN NOIYN ODIN ,IAWNT 9D NPONA NIPNI TIMNPN N12X202 NI
DXNN DY MIOVPHIT NI YT OND ,MDMINI TPHNNN LYSIND IPNNT ,NNT IND .YIND) DDA
231N NN, NMPN DTN IRNN DY NN DY OXTTINNNN

099 YV MNTI-IDNND0 YT 2.2

vy N0 (PCK) »179 1910 ¥y (Shulman, 1986, 1987) y991v 199N ,20 -1 NNNDN DY DINNYN NNIVI
117182 DYNNY IVANND MNTI YT NYTN DINNA MDD Y12 DY NI DT YT .00 PIONNDT M0
2NN PPARD ,TNIONN NN ONRN DX DIRNND NOOVIN

TPACK w5 ymx w1n vy wsn Koehler and Mishra (2008) 1901 99mip ,pINN My vy
TK »5150n 259910 N I9DIN 01 IWN (Technological Pedagogical and Content Knowledge)
9w Y > 1pnn H1nd (Technological Knowledge)

AIVIN DR JITYDY WTNN NAD DIPN 7PN, INRND PNIVHOWNI MINWYN NPNTN MININOVN DY NMINRY NN
19IX2 TK -0 X 070 0NY 29 DY QR .MYTN NP0 NPNTPNNY OxNN wiITd TK -n
PN DOWIN DY 1 1PIADN NIYINY IOMP ,NIVNNNN PNDNIVN NN MNNINND ONONNY
DY-DY1N »NA) DNTIAYA DD NN NMNX DYDY T NANT PXADN NNNA YTNIN ININOV NN
OMPYO LINONDY PYNNY NIV MHIYN 25D IR NN MIYY YN THININIL NN MMD ,0NOY
12 J9IND DY NIV, NYNMN INDNIV 1237 XNND ONONN TIPMINY NON TI2 7PYIAN .YTNIN PNONOVI
O8I NN

Substitution, Augmentation, : SAMR NP1 9Twa nNvann 0T VN MONNNN
VINIWUN 1I9IN NN NN NIVN2 OMIPIN YT DY ¥yn DTN .Modification, and Redefinition (SAMR)
.(Puentedura, 2013A; 2013B) X712 MNYNOLVA

21912 ,1 9PN ININD PNTNOVA P2V YIDY DY NINT YIAIN W8N DTN

9
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NNIINA N2121130 2w v vinw? SAMR >Tin

10'02 WIN'Y num Yin'w
Substitution Augmentation Redefinition
no7nn ) mnin _ wThn ATan
N ' ;
ntalzioLuN na700Nn na7oun N1AI71000
a'72nn’? nyon N71v9 nann 2IN'Y NNWONND N NIWONA
nn'e N7 DU IX ¥ wTNn NIYTN NiN'wn
"an DA NWORNI "y Anwnn N7 "2y WK
wITn XY I'n N7 D7D miynwn 'Y W na
901 'niynun 1ava oyxaY

SAMR 5711 .1 91N

: P22 NIRINA DTN DX DYMY 1N N2 TITH PND
Substitution 99NN

INDNOVN YN YIOW Y NN N ,NINN/NaoNNN NN SAMR 5S¢ n1omdn NxvT1a wvinowa
990 NXNP NNPIN MNIIN RYND NPV 5UND 9N PNIDY NIYA PNNDN NNXTH NONN
NN NNON ,PNIAVN NIOWA N .I90N DY O PMY DIPNA MIVPIND 190N NN MNIVODN
NN N PR PA0N NNNNY DIPNA IRNYN NN PN 200y KHAN nrnTpr Hv wo0a
,NY 7PN OYXTNIOND 1ANNY 1DINNY N .DOPNNDN NN NN NPDVINT NN ,DMIPNN NVI
.MV N IDIND 1DWN) DITNIONN 12 JOIND

Augmentation DanIn

) GT VN PYYND TINYNIV YDV AR NN NN NN 11N SAMR Sv nxan maTh
D902 WNHNY> DXPNRONNY DIPNA .OXTNROND NN DIMYOW IPNN NIDOWN ,NNNTY PN
INND YT ODVINT IPNN DNID D912 DN ,DNDY NPIWND MNPNRN NN INNRD >TI 1177902 1IN WINN
DOTYN DXARYNN NN RINND TI2) NPXAD LIDN MDMD PTHIND 012> ON IPNNN D112 . MNPN
IR ,MMPNRN NN AN OXY NPND OITNIOND IWARD PNIDNOVA NID YIDY .O0MIMPN INNI
(MMPNRN NN DY NTIVN NN IP) DOYNIN DI THRINNY NNNY NNDIYNN NN YN INX NIN
Modification »yV

,TINTY .INONOV NITYA NNIVN DOYNIN OITNON I DN YMNN MW Mx»N SAMR Hw it nma
2127 NPV .DNYY THDNA 1DINN NN DIPNND DN 1 IDIND NN DNYN DX TNRONN ,THON NDND N2
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NADIN NMYXNND INKY THONA DINVIDY DNYP-I19N ,NMNN NIDIN MYNNINI KV NPND
PPN 1IN PDVPRIVYN THDN KON PRNPY 7DD YININD THDN TN TRDNN ION DN
THON DIINN DITNYN YN .0IVIDA NN DNYIPI NP2, NINNBNT MM YT-2Y MPHRYNND
MPYN MOV PNHN NNYA THONI MYNWYN 2OV 1D NNV DXVNNYN DN ,ION D257 DY
DDLPRIVIN THONY PVLD THONN THONN NN DIYN DITNIONNY T2 INVPN

Redefinition wTnn NN

NMNDN LOPYV TIAND NOXNN N LYWTNN NITINN NXR¥M SAMR -n H 703 9nra nmaxn NN
792 SAMR v 11 1192 wnnwnd 0912 0 ,IPNN NTIAY DY NOW NNTIPN MINTL .WTN NWVND
NN 91995 NVY MNTN . THON ININY SYNNINI DOV IPNNN NN PN DNOYW DITNONNN WITY
DN, 1NN 0OND MNNN OMIPNNND DI TNYN TWNRI NIND VNG NIN NN NMYINNA IPHNN
APDY DOV TPPN MDD DX DOVIPN IR NPNPOY

:SAMR 5711 S¥ MmN NN ORNN2 DI IIMNPN NNYPNI YIDIYW INDND 2 TN

~
nyuon NAI7IdLUN - |

n71v9 9'7nn"?
q¥7 Y720 Nty
TIynwn wITn

“~

100N -
IN N71¥9 NaNn
DA NWORAI DIWY
"N X7 NI7Ie

non Java
Substitution Augmentation
no7nn nann 'pID3 wIB
ERFSEAFHIZH]
anth wImw
S EAFSEAFHIC)]
® Redefinition K

O

wTnn nNTan O

M NA00N -
TN MNYONN Q¥ NIYORN

NIYTN Nt nnwnn Yy wnn
N X7 12Y3 UK J niynwn 'y y

-0IT) NA¥N in'y
0131 070 NiTRY Al
N0 0'S01 DRAITML

DTN NN
21N Dy NIEn an'vn

e 7'y <- n1am
27Nl N NN
NINTPNA DTN TIWN?
orra'mn

NAI7000N

Dy¥a? N

SAMR 57115 DRNN2 MINPH NNVPNI WIDOW .2 TN

.SAMR -1 11157 552 NYXNHN NDNIV D RTND DXNNN DY ,21-N IRND OIXTNON D3PYWIN TWUND
Y2 NPNPY IR NNYTN IV RO OYY DXTNRON ,NMDNIN NN P DN NDNIVI YIDVN DN
ND ODWY ©TION VYA P SAMR Sv minan Nnan P OX,NNT DNIYD .V WIDIWN
MYONND YT AN MLIVI MPYN NNOYNI MOYONN TNKD 7NONIVI YINIWA DMINPID 197
DNV 1Y NPNN NNXL YN NMDY NINNY DONDN NPNY DITNION DY ,MNINIV Iwn 0wl
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-1 NI Y02 DONOPA NPNY DMLY LT3 MIOSND 1D NP NN PY MYHNYNN NN DXIYPNN
.SAMR

NN NaYn 2.3

DYV DOVPMIT NIIWN ,DXTID NPIDN NIIYN 1IN H1ON AN DINH NN 1PN NIIWN
NYaP DWY (DM DPIMIN) DN NOIND NITHN N99¥N T DOHYN NN ,0»NI12N
(TPON N VPPN, NP, TN DY) NIV DY MOINN

1NN .(Summative) 5501 N59ynNaY (Formative) Nasyn N9¥NA NOIYN DINNA DPNINN W
TIVA DPDNN NPIDN 9V NTYN NIANYN NN .20-N INRNN DY 70-N) 60-1 NN VITN NNIPI N
A0 PONN DY NPDIN IN NOYINT TYUNI NIMNN MVLINN NYAPY DTV NNIDN NIIWNY

D9 NIIYN YR NN NOIYN NNIYY N30 NOIYNA NTPHNN ,NDIYN DINN NIV MININ
TOUN TN T DY THYYI NN L,OPMI92 IN NNONA ,NTNYI NMIDOYIN DI DY PPN YN Npovn
ONSON TV T DY NYNIANNDD ,TINNON NOIYN NMIYD ,NIANYN N59YND DN 19D TN Tomd
.NNODNI NOAN 192 NMIMNN MLINN NYAP DYDY 59 7172

NVOWYN NYIN MY TOINN YA NHTIPN NRNID 70-N NIV NDA NOY NIIWNN NDXAN NPV TN
P DXPNNN NINRN DNNANN DY DNYN (N2 127 DMININ IPIYI) NY ININD NYIPNN NOIWNN
DMNINNY DIVH ,NPIAN-MSIND TNPHI VYA 1 DT 0NN NN OXTMYN NN HI0N INNNN
OMN NTPTNY DINNID DIPIOYNN,DMINDN ,0PNNON DI YT-HY OV 121N D1VITIVON

oY ,TPMNON YNN : NIIVN P20 NMVYN MDINN NN MIADWNN NPIDIN MY SNV MM 0PN
NOAN) MO DY ,TIMDNN NYHIN ,NNIDN NIIWN IR PITNON DY NIIWNTD NIIWNN NOANI 1’9
99YN MIVN NXN MYNNN NNKN DI .PNON IN NIANYN NIV IN DTN DY NIIYNI-D NN
NMN paBahya) nmoa NN NN mMaan oy mMy»2wNn MY
.(Birenbaum et al., 2006; Dori, 2003)

NN DY NINTIN DD )N (ATMIHN HY NDYN) PNNONN - NIYRIN WD 29 DY NIIWNN MIVN
N NY).MMNN MOLINN NP TN NYSINNDTD NI90N NN N DI TITA .0XTMON DY DNIYIN
NN 13123 NN DY D1VPMIIN DINNI VINOY NDNON

DY TM00 VNN VN NN TN (NT92Y WY NO9YN) PN - NMIVN NV 9 DY NIIYNN MV
TNRON NNYYI 1Y IWPNY NIDYN NONMN 1T Y .NMYL NP NYIN RN NTNRON DYDP
qON) TPONNN NX NODID 1T NWNA NIIWN TYNNN TONND NIIWNN DX NINNND NTNIY ovH NN
129¥N2 DIMINN DY DNWIANT .DMNNN DXNNIN IX DINNN YT NTYO NNNI NPNX N (ININD
ND D702 1% NOWNY NN TMDN 1D, ANNNN NTIIONN TI9) YNDA PON NN NOIWNN ,NT NON
IMNN NNIND

MTIPN PHIN MTIPI NIPNRD ,NTNION PONND ©XNNM DXTMNON MYTIN RO 1T NIIYN DY NNILVN
TN ,0MAM DNMYY DY NPRI NOXD ONNN NXY OXTMON NX TINDN I NIIYN MIAIN .PIvND
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-NVN ONYD MAVLY N NYNI NINN ADN-NNIVN .NMNAVXNN NPRIN DY SDVNVIN VIDY
SO0 NTNON DY NPIANKN NN NV TMIDN DIN 1329 7PNIVINY DMDOVINP

DYTDDN MY NN AP ,OXTMDN NN DX NOYN DY NN PONINY OXIN DINNL OMIPNHNI
MY DN NPYI PNINDY NDWN NPNNH DTPN NID NN TONNY D) KNI .OOWINM DPNIN
99N DT NOIYN TONN 1D 1D .NOWAY YINAY NNXY DTNDD WINA 0XIN) OXPNON SV NYTHY
S0 DYPRY MYH DNNY NNXY MINDNY NTNRD NPHIVIVON

YT OYN NYAPNN NN 7A499950 Wb NO9¥N7 DY 7NTa57 DY N59¥N”  NADVYNN DY
NOD NTNY PN D DML MDA D27 OMPNNI DY NINNDN 1T DY) PN NIIYID MDA
AMDA P RDY NN PHNN Y92 YNINND NIMN NIIYNN ,MMDVPIN TPNN NTNIONY YT ,NIIWN
TNROM IRMND TONN THNRD DMV DXATWA YNINND NI 1T NN

: TPMON NOIYNY (NN NODIN) NN NIIYN P2 OO TANN NN NNODN NNIAN NIV
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YN NIIYNY HNNDN NIIYN 2 INNYN

NN NIIYN NOHNNON NN ANNYNY 0219299

172N NMNINN DY NODIN NP ¥ NNIN DY NODIN DXTYVN MYNIYN
DTN DYYTIN ,MMIIN NN TOYDININ MYNIYN 0»PNN
,DO¥)1) N2 DN MDLPODIN DTN DNHWINY
DT NMNNHN ONN KD 1O

NN NAWN NN NOIWND INMDD PA PN AN PIAY WPD
NoYNY
-NVN PDVINPN OINN MND 1252 NPDVLIMIP MM MOIWIN MDD

,0N72N DNV POINP
INMNM

21N O PHNA VDY 72521 nan R RFR)
,DXT N2 P, PNVND
TOYOIN TPNPYSY ,NTIAY NDND

YN NPLINDI ,NPVININ NPVLINN mbuNN N
- 1 DYNN Y NINPY ,0YI5NN
ND))n)DNN

N15 191 OMININ DN O¥ONN D) DMININ P OO DMNDINN

NWNN YY NYN ,1PSPYIN

;NN ,DITINY INNY TIONN DINNA DN IN NN TIVNN OINN
NONPNN DXVIN, 0NN ,0NDIN
NIONT YT NN TIND 1)
MY PRvNN P2

THRONY DNPY DNPIVP DIND) DIPIVIP TONNN MOPY
GMYN NONOTA DVIAND) TRONIN

NPINRD ©XAMY NN TNRINN YTYD ININNK NN SY NINNN
197NN NN 199NN
DMV PN D2I1ON NN 9010 PN 127YN NMNT

DOWNINIIN Y)Y YD) VYN
T92) DXOITIVO NYNP NIWN DY MOVINN NYIAP 555 7172 NIVN/TPAN
NN DN DXTY> NN TN G0N 99N
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MR8y N99Yn 2.4
MININ DY IN PN TY MR TIVD ,NNIN IR DITH TN N2 NIIYND NITIN TNNY NN
(Pintrich, 2004) Yow N 09N PYNINA DY 4NV NPNY TN DX NTTIVHD NPANY NN DY NTRON
Y5V TONNA 712 XN OMNX D¥IONNN NN INTNY NN DX PNIAD TN DY MINPHT MWD NNAYY
92 GUIN YN TYNNNI TN TPONN NN NNNY NN, TI9D .0»NDN MININ NN DNWN NTNION
9379 DY NPND NI NYOYNN ,TIIRD NNVD .DMNWN NTNDN Y20V TPYOIRD INMNNINND NN 100N
STM5Y NYNVPN MOVLINNN YD NN DN DD XA PRYNAD D3N NTNDN DY OINNINY
NN ,MTIAY PON : DINNNY D27 NPND D01 TNNY NIV MYNNIND O¥IIWNNN NTION NN
DTN OMININ 90N DY NI IN VN MOLN ,NNNN ,NVPIN
9NN DY NNODN NOIYN .NIANYN NIIN DY IN NNODN NOIYN DY PPN NOND NDID NNNY NOIN
999N NN NN DY IMOIN 1PN POYNT IN DY) 7 92 IN 11D) XD /7 119 0N NPND NDID YN0
NN TIN 01N ININ DY MNS N INY DXV DOV DY IIMN NN 91059 N1 Nasyn
INAN DYDY TY NTIAYN NV DYI7T DY MINDNN
MINY DI NTPNRON TONN DY NYPINKRD MNP D991 NTNION TONNL MNINY NIIYN DY MNIND
955 MW, NPINN ,MANNND ,PONINN DY
4PN MIDPNN 3 NN NN NN DN IN NNN NIIYND DN MNXY NN DY NNNKDIIN N1NII
TPNIXY NIIYND NV DY INY TIY MO JN TNIXY NIIYN DY IR 1PN M) NPN TINYN NIIYN
DV 1T NNINY NN DNKY TIAYND DX ,INY MM MDD HHOYa DX TMD T NI IN TN DM
D9 .N2I0Y NTINM NN DNKY DY ,IN NN MDD’ DY DYTMIY 1DINXY DPNNN DN
IN IXIND NN ,)DINN OINN DY PN DN NPANYN NIIVNN 9PN NDINN DY DIWIWNN D90
2NIND NN ,)D 1D .MM ITHIN DTN 21 NIIWND DNPIVIIPN MM YN ,DIIIWNNN VINIAN
TIVA NOIYNN NN NN YD DMWY NN TN NIMDNN NIITHN INNI NPNNY NIIYN JNN2
INA WU SNMNION DNV
STP9NN2 NN PPN TRHNNNI NPNRNYN NTNRON PONN NPNIAS Y1 W Nodoushan (2012)
05Ny NIYN 2.5
- DYPNRIN NPDIVIIN MND NIWIA NPOIYI MAIN TN NXID) NTNIN NIRNNN NN DXTPNY NN
DYTI9N DNV DXONPN NN DININN OPINY NN DIDIYNIN - DN, NNIY DINIY NN DIIYNIN
.DYTNYN 27P2 DX NI NN AOWD TITY ¥ NNT DY .0NA
MNN DY IR NTNON OINN OV MIORN NOIWYNI DOINYN - DXTMON DAMY 03NNy NIIYNI
NP3 ONPINY
DNVYP DXNPNY NIIWND MIAD2 ONNTHIN MNP .NIANYN NIIYN 595 TIT2 NN DXNPNY NIIWN
YN NYY DIINYN ONINNY NWNN .NIIYND DNPIVIPN MM NTNRON TONN DIPPY 1Pyl
NOIYNA TNNN .XIN A5V NADN NN 12770 ,ND TY IIND MIANT NYIND WHWN  NMYL NP
DYNVYPN ONIPIVIPN NN PN P ,NDIWND DNPIVIIPN DX PIAND PIVIRN DR 2IONN DONdNY
15

2019 D2N50507 WINPT ININT D297 1999 = [ZU-I00 10N, 1129077 ,iPNIDI0) YTING TIPNG 07977 ,719° W) N9

YN VPN . TIPNN TIYRY TINY 1M 95O ;@E '?5’ II'JJun ~~

VP9 .30/8.14 31010 9”7 Y 1MIDVN TOM OT oy
STIINN TIVN L, TNNTIN MIDTNN NAY Y¥IIN ARINI01 YTOT 00 0Ny I 12707 00 N9 m’_‘:::::m“‘”-”-"
L 078 7 0IDY B°Y AITI0 WD ’



mailto:Moretech@ed.technion.ac.il
http://moretech.technion.ac.il/

MoreTech

DYN9NION MmNy IR Dnn 197 PO=TI10

32000 192N, 110N NP, MNINIVI YTNI TN NONPIN
E-mail: Moretech@ed.technion.ac.il 04-8293146 :50
http: //moretech.technion.ac.il Rk A

M52 ,NMAY NNI2 NDYN MDD NNN9N OXNNY NIIYN D INYD OMIPIN .1PNRNYN INIIWND
TPMIN2Y M2 JPIN NYSIANND DIMNY NN . TIVHIN DY MNNY NN INNPNY ,NPDLPYI
DXDIVIN NITPN,NTION DY NPINK NP ,NONRD 712D 10D DYDY NMIPNY DI NWNRYNI NN ,NND)
.DNY PAD DI DXTNIDN DY INY NP NN TPYINII NNYPN NIOWNI DOYNY DIONNIIP
nMNPN NoYN 2.6

TONNN POND IIMNPN NIIYNA TNND DX NDYN ,NTNOM IRNNN TONND PNDNIV DOWH 12NN
NINIM NOYA NPM DMOVINT DIYNNNI NYNINNM 1N NN .(Shamir-Inbal & Blau, 2020) n 1150
THAYN-NNI NINOTY NIWON ,NNPN PATD 2IVND 1NN IWANNDD TIWNIN YNRY NIV DINYPN D129
NTNYN ININ NN PIIYNDY T9YD NITWAND 12 NN THRONN DY 9NV 12 NN TONN MYSNHNI
1T DIV ,NINY OY LTI YT TIRD DY NOIINY NPNRY ,DIPN DN TIVIND NN MPNIT 1OV
-1)50N YN NN I PNYNOVN NINYPAN NN YN, DX NN DMNNTI DDV DMOYP VYN NI MHINTH
NP DD OVLMYT ,TNPN NIIWN DY RYNTD DT NDN NOIWNL O1IVNN VIDWN 1ITT SV M1
TIONN TIVN DY NITY MYSNNI DXVITIVD NYIPY TIDM DY DMONONNN DXAYWA NYHN PHNN
STINN TIVA DY OURIN WTNRN NONA DTYM MNTPR OWIN P2 VPN IR MPINHN

ONIIYN NBYN MIYN Y .3

NI NANY OO DD DY NTNYI NIPMIN N TNXN NI DOVITIN DMPYUN TN
YD NPNN NN TUR ,DIRYN DY NOOONN NN NWIT 75 0w (Barak, 2013) mnoaynn
NNN N1N PNIIWN NWN ownd .(Hung, 2008) MN37y1n N2XWN NI DN ,NMA) NN NDWYN
.(Barlex & Steeg, 2007) 125082 ©»12>N71 1901 YN NPINIVPIR HY NRNNL DTN NNPYINND
N2wN1 (Senge, 1990) MVLDN NN INVYID XYM DY HONOND NDIDD NITHN NPNIIYN NVYN
NN NN (Bertalanffy, 1968) 0n»32 ©wpa D) KON NOIYNM 223992 P KD OIT NN
MMY ,MNMP ,DIPN HYND ,07ND1NI0 DINYNY 12N DINPIY DY NIVNI NNYPY D) NOD NOTINI
NYOWNN DINAN NADN NYIATI NNON 1PN N NANI MYONon N> (Frank, 2000) 7wy DNt
.(Dym, Agogino, Eris, Frey, & Leifer, 2005) XXI -n nxpa mo1nn

MV NN ININYY PTHID NYT OINN DI DM12TN YIVLN) DX2T NYT INNNA NIPNI MNIIWYN NWN
NOTIN 2D MNAN D37 ,NAMYN NITHIND WIND MDYN ¥ IR, TPNIIYN NYN SN MIIWN N
Lavi, S (2019) Lavi & Dori Yv onq1n Yy ©0am mnown nMaya .(Lavi & Dori, 2019) y1m)
MY NPN NN YR 0NN DTN /N v (2019) Dori, Wengrowicz & Dori
IUND DD NIVN IR CTNND MYND NTYPNHN NPIIVIPNI NWNNHND ,0XPONN NN
N MOIWYN NOTINA .NIIWNN DY DMNVN TPPIN PR PININ YON> MYNNINI NNYPN I NPIPIPN
(function) NYOINKPNAN YT DY NPIMAND) SYNIN TNKD MYN NN MITYPN ,NPMININD JNITHINA
(behavior) MNMNNM (structure) 2010 N2AONNIN RapAY
.(Lavi & Dori, 2019; Lavi, Dori, Wengrowicz, & Dori, 2019)
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DINPN 022571 DIMANND DMNX DY MAN NDID 13 5y NIYTNHN NOTINND OINNA NN NYN
DMNTIY YNON NPNIIWHNN NDVNN HYA TMIDN INTINM TPXPND ,MAN ¥ NOIYND TUNRD ; NOIYN
NYNY NYLY 1N INY NVLNN NI .(Dori, 2016; Lavi, Dori, Wengrowicz, & Dori, 2019)
, DI PYNNN YONN,MPON,NNIVN 591D MOTIN NIIWVN NI PANY NDIDN NN DTN MINIIWYN
NYTTN MYOSWM MMYHNWNRd 0) onN»NnY MR .(Frank & Waks, 2001) N2 v19 95 Mand v PNY Yoan
NV IN 29915 on»NnY NN »Mp | (Frank, 2000) 5719321 noyHNn 2955 OMVN D990 DY
.(Frank & Waks, 2001) mnv van MTipn Yoo

mMoIYN SY MM MYSNHNI - PIXY M) HRDIWN NDYN MWD NNSY - ©9O7T P2
.(York, Lavi, Dori, & Orgill, 2019) m>n39ynn n2wNn Xwn 5¥ NN (Chen & Stroup, 1993)
NN PN TN APY IO P2, NNDNNNDI N2 0 TN TIND THPMYNYN NS> NN NNV NdYN
, 007N WIDY ST DY NN NDNRND OY THNNNY 03777 NNX .(Hung, 2008) ndynn mnn
YNYO MUY TUN Y95 1N NOIYN Y 91T .1IMANAD NOIWNRN NN D7) DIYNNINI IINIT OININNIN
DMINND DY MTNHNNND OIND NYY DWDTINT VIOPWM ,MIIWN DY NMIANDY NTNOY NNONNA
NN NPIVIPNY N DLV DRV DY MOIWN Yy NdYNI DNVYPN DO
.(Hung, 2008)

NVYI2)INA Novak »y MW 50-5 %Y 925 INM YR ,DNHWII M DN DITHN YW NI NNN'T
DIVPN DNIPY DNOYIN DA D)I9N DY NN DNWIN NN .(Novak & Cafas, 2007) Cornell
NN N NN TIWNY MIYIRND OO Man (Lavi et al., 2019) DIWVINN P2 DIVYP DINNN
.(Villalon & Calvo, 2011) £33 D¥PM D»VINDT DNVIN Y)Y TNRONN DY 1NN

DN DMWY DOTIN AN NIAONN DY) VAT ,NPOTIN MOIYHI MIAIIN MOIWN DTI0 M Yy
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DHYIN P2 DAYP DY) DHVIND YY DY DND NLVID DNIYNANI N 200 NITHHIN
model-based ) DY 71 DO MOIYN NN N PNY DOWNRYN DMV TN .(Lavi et al., 2019)
DY2ONN-DMINYN NONNTIND NV DD OIINN ODTINN P12 .(system engineering — MBSE
11N OPM .ISO 19450:2015 ypn nonon nY2p WK (Object-Process Methodology — OPM)
DOWIN DV MDY TH-TN NITHN DDA DY DTN MYNNNI MIIWYN NN D17 NAYY MINNTINND
9915 ,0vY NYTIMNNA OPM -2 vindwd mias mnonT mn»p (Lavi et al., 2020) 02 0P
.(Lavi & Dori, 2019) >y10/070 TN2
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VIO MYITI TINYT VW MIVHRN MWD .(ABET, 2014) Y92709IN 19182 1700 MIVNY DIANWND NINN
w1, (Dubikovsky, 2016) MNT-INY M0y 7235791 *01N 1PNY (Dym & Little, 2003) wN 7m0
NPADN NNXI MITHD PR MYITM PONND O NSD) YPHN DD XY nydHw oW
.(Dym, Agogino, Eris, Frey, & Leifer, 2005)

9199 1991 ,(Jacobson ,2001) D»IINN DPNNN — MHVIMN Y2 PIND DY DOANND MM PO D
N9YNN NN PINAD MNON NPT, TN Y2 Mt : (Ullman, 2010) ©XN2N DXAOWN NN NN
ANTY ,NNIPDN NPON ,DINV AN HY NPNY 72, PNIND 1N ,TY> VI NITHN ,INPA NNPVIAN
£19N2 3 PRI ININNY 29D, MINSIND

AX N1'N2a npon

019'0 AN niT
[

YOTINN 2NN PONN .1 IPN

NOIWM TINNY NOIYN 995N Tonn NN Shwartz-Asher, Reiss, Abu-Younis & Dori (2020)
WOIANM NN NINPIVIP DY NNY NN PMINN VPPN ,DO0PNI9 NDDIN NTNID NN DY DINNY
.3 0N NOIYN DIV MNdY D210 DN NYNP MWN DY

MNNN I NOTINN MDINN N NINN NN MIMIYNND MNINND DMWY NNIT NINIIWYN NN
Y20 TN POV NIYINM NRINNN MDINN NT XYL DIPNN DI 199) OWTHN
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0'2'"y |oIn

OPM-a nnwp .2
D'an onwp .1
n'>'7nn o .2
N'ONIVIX 'AN |ITN NTVon 7N 3

OPM-7 X1an
* OPM = Object-Process Methodology

nNIYn 7w 07T N7 nu'wi now X' OPM
INONI D' (D'0RAIR) DYV 7V NooIdNN
1ISO 19450 |7n2 N2mM nu'wn .Y

SOV 'NITR ;0D W OPM 7TIn%

* OPD = Object-Process Diagram JNITN
D'D>'7NN-0'MYY NNIAXR'T NM1'n — OPD

* OPL = Object-Process Language J'NOY
D'70N1 DYy NA7wNN N95Y N1'n — OPL

; Y
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OPM v n'uIn'Ix
‘0'NAN DN N N7 OPM now

'T'D |91 D"PNNT WY IX D' 12T NIN :Dxy — upraix Object .1
VTN IN

JNE IR TRR DYV YANNRN NAT KN )'7nn — Process 2

DXV X¥n1 12 (N'¥XI10'0) '‘Xan/mpn/narol Xin axn — State .3
.0'1on |nra

'DMWR 'AI0 1Y DAY .0MNAT A oN' 7w oA aixt i — Link 4
70N 2 IR OFTAINT OFTAIR 2 DR c0Man DR (1)
uyn ') 7NNT VPR "2 DNYR (0N DR (2) 17Ny
(17x D'773% Dfan

OPM-7 X1an
OPD & OPL

Apple Cake is physical.
Apple Cake can be unbaked or baked.
unbaked is initial.
baked is final.
Baking changes Apple Cake from unbaked to baked.

Apple Cake

wnk aked baked

ST XYY N 0'NI9N T
OMNA W — 9N 1K N9 X7 TR A7 0'nien nay
Time* [states)
b 4 STINNN Q¥ RN D9K KT AW 7Y 2x¥n
JDI0 XA NN NUDX DAY 7Y a¥n

AMON JIAN TNAY MAn

WA AN INa 090N TN ot arn e .
OPD axnn %inan aman ,OPL awnn oimon amn -

; Y
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2w DIvWA 0D'ADN/D'VINYRN NX DAXT'N TXYD
?0PM novw

nxy — v aIx Object
'WT'R IN 'T'D |DIXA DV'PNNY7 WY IN D7 AT

7'70n - Process
NI IN TAN DXV Y'NNNA NAT

a¥n — State
D'ION T2 QXY X¥N1 12 (N'¥NI0'0) 'Kan/npn/narol

o — Links
(1"70N ,LF"AIR) DMAT "2 ON' 7Y 193 AN

OPM -2 p'axni p'oz aIx ax"

20N | 1AIXT] VPTAIN A0
7V y'iown - 'Mao ('wnin) 'T'o 0P AN U prysica
I'7V NYOWN 'K NDWNY 7aN . nownn  Emaronmental 1}
Y'OUNN YN 09 - N0 'WTN VPR " tormatcal
I'7V DYDY 'R N2YNYT 72 ,nownn o Environmental
n>wn? 'Y = m>wn ('wninm) 'T'o praIN e
n2WNT Y — 'M2YN WM 0PTaIR L]
X1 A UPUAIN 12 'N7NNNN QXN - Initial A
Y'an A 0"aIx I'7X '9100 2x¥nN - Final Fra

; g
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OPM Entities — the bricks: Things and States
n'axni 0T - OPM nimen

ENTITIES OO < mon 'wTn oxvfoprax .1

Symbol Dh;::'::;n OPL Comments
'‘mo " 2170 now niyn
1T - oW
Object A: A is physical [and Al 's’;fgt’;”r;‘:if;
o a thing that exists environmental]. default
= A
E
AT MDA OFTIR (Mol o Mn A | YUPMISIR KD A
o TN "maavnl
Tnn

OPM Entities — the bricks: Things and States
p'ax¥ni 0T - OPM nimee

ENTITIES O O < 1N .2
Symbol Dh;:mﬁ;n OPL Comments
‘mo TN - oW TN now nnya
Process B:

B is informatical
and systemic by
default

a thing that transforms B is physical [and
(generates, consumes, environmental]
or changes the state of

an) object
Jemnw 2T B rn . B URTIerK M B
('maaoer) T'o KD N2 WAl

wn K I )
(O RD 7w 2¥Nn TIK Hnn

Things
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OPM Entities — the bricks: Things and States
n'axni 0T - OPM nimee

ENTITESD O © ax¥n .3
Symbol D':gmﬁ:;n OPL Comments
i
‘Ino AT - DW 71IT'nn now nNnyn
Aissl,
State: -
A situation of an A canbes1ors2, Always within an

A object. f.ﬁcan be =1,52 or | object

[II - s1 w0 A

oavnncavn [ s2 st et e A

MNP (2T LMD I 51,52 nin 0t A
.83

OETaN N TN

D"2'""y PIn

OPM-1 p'axni (things) omaT-nie .1

D' o
DN onwp Ll

N'ONIVIX A'NNA |ITD NTVON 7N 3

" @
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OPM - Structural Links
D'"an o"Nwp - OPM

Semantics/
Allowed Source- | Effect on the
Symbﬂl Name OPL to-Destination BVStEm flow/
) connections Comments
‘no ow ‘1Tnn now .0nNm 0NN | avowa/npruino
TV gnn nnaT '
niwa Mynn
Aggregation- Object-Object
A Participation A consistol B, Process- Process | 'V o1e-Part
O IN-07" 2N
7n-nTe B-narmA M 7n-ow
7In-190n
12
OPM - Structural Links
n'an o"wwp — OPM
Semantics/
Allowed Source- | Effect on the
Symbol Name OPL to-Destination system flow/
by e connections Comments
no ow Imna nsy -annmoAan | ayswalnpomo
TV pnn nnnT
nipa Mm3ynn
Object-Object
Exhibition- _ Object-Process
Characterization | A &XNibits B. Process-Object
Pracess- Process
& UM UNR-DF AN
— , Tn-optax | 7¢ mon Ko B
[I'SN-T1AN Bnx axn A OPIN-TAN A
TEn-an

.'|"|’|'I.l'l—tp'lp’“_'ll.".I 12N DA TDRD MO 702 |DIT KX KD AT 230 e a0
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OPM - Structural Links
n'an o"wp - OPM

Semantics/
Allowed Source- | Effect onthe
Symbol Name OPL to-Destlnptlm system flow/
by e connections Comments
no ov TR nov -onnmorin | avswalaproino
T Nnn nnnT Y
nInyn /mavnn
Generalization- Bisan A. (objects) Object-Objector
Specialization B is A (processes) Process- Process
A . Ahw o nin B
(Doprak) A xin B Dir"AIR-Dj7aIN
nINAnN = 0770 (097n) A in B L]
! ' TAN-170n

OPM - Structural Links
n'"an onwp - OPM

Semantics/
Allowed Source- Effect on the
to-Destination system flow/
Symbol Name OPL connections Comments
‘mo ow 1T'nn now -0MINDNIRN | avswa/apioine
TV gnn nnAT Y
nIYn Mmxyna
Classification- - . Object-Object
Instantiation Bisan instance of A. Process- Process
& D' I2IMD nAT
oo | o
yaim - nEnn Aw yoin ®in B X !
Jan-In

s g
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OPM - Structural Links
n'"an o"wj — OPM

Semantics/
Allowed Source- Effect on the
Symbol Name OPL tu-Desllrl_atlnrl system flow/
Y - connections Comments
no ow TN NdY -0MINDMRN | AYswR/ngomno
TV man nnnT U
ninyn /maavnn
Tagged
structural links: | According to text Object-Object sDt?L?gtr:lbr:Is
Unidirectional added by user Process- Process informat
Bidirectional niomation
—>
> 0'32n 0Ny R
AT | T Y onY uoFw e 7y HiTRIN-Di :::{ .
SN T WNTN P '
s N Jn=Ynn

OPM Structural Links — Example
NNalT - OPM-2 n'"an oMy
071791 VITIVON DI'N

nunEe | Faculty
[ Lo
Student
. Staff vITIVO
TN
T
Degree Academic
KM -
. LITIVO
Administrative Undergraduate Graduate ANmY
Student Student
l'?.-un oTpmn
0ITIO
[l RN
. g
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OPM - Procedural Enabling Links
n*>'270n DM - OPM

Name Symbol OPL Semantics
117] ‘mo 2170 now n'vINo
Denotes that the
Agent Link @ A handles B. object is a human
operator.
NIN DFMAUNDY ['¥0
P10 ey B-avoun A WON Swon

OPM - Procedural Enabling Links
n'">'7an nwp - OPM

Name Symbol OPL Semantics
oW ‘mo 217'na now np'uino
"Wait until”
semantics: Process B
Instrument Link B requires A. cannot happen if

object A does not
A —@ exist.
v non" npoino
nAE? 713 K7 B nn
'N A OFY2IKD OX

_uIIF

RN W Awut B

i
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OPM - Procedural Enabling Links
n'">"7%0n oy - OPM

Name Symbol OPL Semantics
oy ‘mo 7TNn now np'uINo
"“Wait until"
State-Specified semantics: Process B

B requires s1 A. |cannot happen if

. object A is not at
e state s1.
My non" nproino
'9YD0 VWIN W Asi wai B nnEe 1 87 B y'an
a¥nY 'R A DFPARD ON

.51 a¥na

Instrument Link

20

OPM - Procedural Transforming Links
D700 "1'w X7 onwp - OPM

Name Symbol OPL Semantics
oW ‘mo 21T'nn now N7'VIN0
Consumption Process B consumes

Link T (E) B consumes A. Object A.

D27 W7 Ankix B OIF"AIN X B ']"i‘f‘lg
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OPM - Procedural Transforming Links
D700 1w ax? onep - OPM

Name Symbol OPL Semantics
ow ‘mo 2m'nn now ng'uane
State-Specified

Process B consumes
B consumess1 A.

Object Awhen itis at
. State s1.
lﬁ’p@ nx T B y7an

NIN MDA oD
.51 2¥na NYm

Consumption Link

'DWO0 NI W
: ! Astmie B
¥N7

2
OPM - Procedural Transforming Links
90N 'Y X7 onwp - OPM
Name Symbol OPL Semantics
oW ‘mo 1Tnan now NP'uUIN0
. . Process B creates
Result Link — B yields A Object A.
DRI R Anwam B | Aopraw axr B 9nn
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OPM - Procedural Transforming Links
D900 'Y X7 onwp - OPM

Name Symbol OPL Semantics

ow “no 717N now NP'VINO

Process B creates
B yieldss1 A Object A at State s1.
g—C D
19NO0 INYIN W As1an B Avpram wr Byan
avnY .51 avna

State-Specified
Result Link

24

OPM - Procedural Transforming Links
D%an n'w ix? o - OPM

Name Symbol OPL Semantics

oW o 21T'mn now np'vIno
Process B changes
the state of Object A

Inp_ut-Oumut Link - BzchangesAfmm s1to from State &1 to
Pair (= ) 5 = State s2.
nx mwn B van
uY9-0Yp WP AT s2-7 s1-n Ann mwn B A 0N T 2NN

.52 2¥n7 51 2¥nn
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OPM - Procedural Transforming Links
DN m'w ) onwp - OPM

Name Symbol OPL Semantics
ow ‘mo 217N now np'uInoe
Effect Link & Q B affects A Pracsss B changse

the state of Object A

N nwn B yYan

nVown Wy AWYNBl A saimin Y 2¥nn

26

OPM Procedural Links — Example
Nn2aIT - OPM-1a '"70n wp

ABS n>wn
Car
nann
nn'n
NIDA-09X
Velocity ABS nyan? nwn

[ = ] D'72'72 n'7'Wna

Driver

anl

ABS Braking ) ABS nn'na
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D'1'"1y |DIn

OPM-2 n'a¥ni (things) onaT-ninw .1
OPM-a nnwjp .2

DMan oy L1

D"2'7Nn 0wy .2

28 @

AN jita nTvon 1 7aan

2
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N'ONIVIX V'an I nTvon :1 7'aan

DNMAND TIN 9N NA0N TIWRINN ANMND DY 0N9Tnn At g -
.NI3IA MAATAT '3 NIYAN TN [3TUR N20N . QIAT00 13N oro oy »
NTAP TOEA LANNAND A o'wn Nigtol oi7en nniayn no¥tn noovnn .

D
Client ! ol
—— o L Cvder

> (o) () ()

s

\

OPL

_lient is environmental
Order is informatical
Jrder can be in process, ready or paid
_hef and Client handle Meal Ordenng & Prepa
irdering & Preparing requires Menu
ng & Preparing affects Order

paring yields Receipt

Menu l
- //

— inu’oms} ready | pad

SD

¥

e

Order

Meal Ordering & Preparing

Chef Receipt
3
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217T'n Ywna -an itn nTvon 1 aan
no>ynn

197 O'WXINA 0Nl NIEF NNIa V'S NN 0N 0'AI90 097000
nun? nynn ATh Y

Merr N ___""‘“-u___‘
/Ao.wmﬂ Praparing . _--'-""-_\\
'
‘Il-f_______

SD1

T

. .—'-"_'-'_
Ordering )

Client

Recaip
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71T'n Ywna =-'an jitn nTvon (1 7aan

no>aynn
OPL

Meal Ordering & Preparing from 5D zooms in SD1 into Ordering, Preparing, and Paying, which accur in that time sequence

Client is emvironmental

Paying changes Order from ready to paid

Order ks informatical SDA
Order can be in process, ready or paid
Client handles Ordering AL e N N
Ordering requires Menu /
Ordering yields Order _____-If"—-"' - || Sproceen
Clani |
Preparing changes Order from in process 1o ready ~— —{ ot | oo
4 _ =
Chef handles Preparing \ S gy

Client handles Paying.

Paying yields Receipt
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A
OPM

Object-Process Methodology:
What is it, What is it Good For?

OPM

0" AIR-Y7NN NMAITINN

?310 Nt NN 7'ava N7 NN
Prof. Dov Dori
Technion, Israel Institute of Technology Pl
Massachusetts Institute of Technology V TECHNION
Haifa University u *(’Sfrgeeclrigztlg;;e
June 9, 2020
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Model-Based Systems Engineering with
OPM:

:OPM oy o' Tin niooian nixayn nomn Madel-Based Systems

edX Course Series and Professional |
Certificate Program ——

Object-Process
Methodol

T'WIXPEH DTV Nt2imi edX o7l MATo

14th Century logician and Franciscan priest William of Ockham  oxgixn ox*7'n 201190 mpn 14-n nxnnmn 'l

"Entities should not be multiplied unnecessarily.” "7 MW N o307 'R
"Entia non sunt multiplicanda praeter necessitatem” "W 1avn 12T reant R
In an extended version: nanim noaa
"If you have two equally likely solutions to a A% TINS XY 010 NN 1Y 17 v oK"
problem, choose the simplest.” "M 0Iwesn IR TN
OCCAM's RAZOR is an important guiding principle MY NN ONFIN 9 (N7 Do-wnn) nyn®
of OPM OPM 9w aiwn nnan
Draw Droori 48 201 B-9 3
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Theoretical Foundation 1: Three Cognitive Assumptions
nin'vAR NINA Wity @1 'o1iN'n 1ot

t1) Dual-channel processing —humans possess separate TIT91 NIBYA 07K D27 7193 YNy T
systems for processing visual and verbal o*717'n1 0"NITN DX T
representations (Clark & Paivio, 1991; Baddeley, 1992).

20 Limited capacity — the amount of processing that can 72" TN NN -NY3An N7
take place within each information processing channel is 73N KD YT T YRY 71 wnnng
extremely limited (Miller, 1956; Chandler & Sweller, 1991; nra
Baddeley, 1992)

(1) Active processing — meaningful learning occurs during NWNNN NNIvAYA ATNY =79 1w
active cognitive processing, paying attention to words A7 NOIYD AN 7Y 0NNE TR 700

and pictures. Jnmni orn?

Mayer, R.E. (2003). The promise of multimedia learning: using the same instructional design methods across different media.

Learning and Instruction, 13, pp. 125-138.
||" D Diori € 20189
Il Massachusetts nstitute of Technoloay

OPM Design Principle 1: Simplicity
niowo :1axw jnp'v OPM

e Simplicity is a must for modeling systems 7TIn NI M3V NN KD NIVWD

e We cannot ignore the inherent complexity of AIIAOA NN BIYNNT B1713* DK

JiAvna
systems.
However, JIRT NNnY?
¢ We can simplify the way systems are modeled 99 DAT VINA [SIX TIK DWSY DI 1IN
nipavn
» without sacrificing accuracy, and without sparing details. 0'0792 JI0NY ANl PITA Nk AN AN
8162020 Coaw Dori & 20188
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OPM Design Principle 2: Minimum Description Length
NN AN NIXN 2 21X [Ny OPM

e If the same system can be expresses by two

. ; . . TI9W M T 70 DY NNIK K027 7' ON
languages with th{_e same level of fidelity, the one with ~INTA DY 1T ASTY NDAKY AN ANINA
the shortest description is preferred.

SN Epn

Inspired by The Minimum Description Length (MDL) (MDL) "mmn aenn [ng'y nxawna

Principle (Rissanen 1978) Principle (Rissanen 1978)
Rissanen, J. (1978). Modeling by shortest data description. Automatica, 14: 465-471.

B1B2020 Dov Dori £ 20169 6

OPM Theoretical Foundation-
OPM e oix'n moe

Universal Ontology — n*707121n ntarioaux

Let’s get to it via
asking Socratic Questions
NI'OXPIO NITRY NI'RY NIYYAND AT? Y'2a) IN

Craw Crori & 201 8-8
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Theoretical Foundation 2: Ontology & Universal Ontology -
N™07211IX NA710AINIE N*AITIVIIX 12 'OIIX' TIO!

\——,\-,

healthcare
AR ¢ "
?‘u(t‘ - ” "é“ir

aty 9
casan’y s )
RABL/ysng® i

5@’ % y

Ontology:
a set of concepts and relations for describing a INAT0IR
domain and systems within it. DINN X7 D'ON'I DAYIN 7Y NN

21N ndAYnal

Universal Ontology: M07121IN AAITI0IIN

a domain-independent set of concepts AIN'MY D'ON'1 DAYIN 7Y NI'RNYY NN
and relations for describing systems in the .D"NDNMI D"YAV DI NDWN

universe, both natural and man-made.

- » Dori ©2018-
IIIII M: of Dav Don ©2018-9 8

Fundamental question 1 -
1 n'no* "Iz

What is needed to describe the A —
universe and systems in it? % P ——

Answer - nawn

Things and relations among them.
.0N"12 0'oNn' 0MNAT

Dav Don © 20189
41
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Question 2 - 2 n'\xv

What is a thing or what can it do?

2NIWYY 713" XID AN IR AT N

Thing 1 and Thing 2 exist.
o' g 2111 11T

Answer- naiwn
A things can either exist at some point in a%wa 0PN oI 0MaT
time or happen over time AT X7 NNRY IX T2 0von

Any thing can either exist or happen — nothing — NP7 IX DUPNNY IX 7D AT D

else; MITAN NINYORD MY 17X |

Every thing can be classified into one of these two!  D"winn TNX7 1271 73 2107 N9 = J

17 Running of Thing 1 and
Thing 2 happens.
27T 11T nxnn
Dov Don © 20189 nwNINN 10
Poem Satellite
Question 3 - 3 n'nw e
. . in love with a bird

What are the things that exist 5

2 wishing [ could fly

in the world? ?0%1v2 0'M'pPY DNATH 0NN

Answer - nIvn

ObjeCtS GXiSt. .omp (Dunyu) D'OPAIR
They are static — .Jama 0*%n ‘M7 -0"LLVO DN
time independent. (syntactically: nouns)

Dav Don ©2018-9 1

42

L2019 DTNV TINSPPY I ING DI/ 12 - FO-100 10N, )PII0A ,iPNINI0) YTRY TINS A0S 7727 DD

YXIAN VPN . TIPNN TIYHY MDY N3 99O E@E .gn Ill 1200 o4

VP9 .30/8.14 31010 9”7 Y 1MIDVN TOM OT oy
STIINN TIVN L, TNNTIN MIDTNN NAY Y¥IIN ARINI01 YTOT 00 AT IR 1300 090 AN o 'r:!:" mohnpon
Wrni Ten 099 AT DIDY B'Y AIT30 W10 B



mailto:Moretech@ed.technion.ac.il
http://moretech.technion.ac.il/

DYN9NION MmNy IR Dnn 197 PO=TI10

32000 119N, 1PIDON NP, MNINIVY YN TIND NVNPIN
E-mail: Moretech@ed.technion.ac.il 04-8293146 :50
http: //moretech.technion.ac.il ot yHepR)

Question 4 - 4 n'xw
What are the things that happen in the world?

?0%1v2 DNIPY DNATH DNN

Answer - naIvn
.0nIp 0D%Nn Fighting

Processes happen. [T 0*YN -0"NIT DN
They are dynamic —

time dependent.
(syntactically: verbs in gerund form: “._.ing")

Dav Don © 20189

Processes do not happen in vacuum!

Ioipria pMip X7 070N

Question 5 - 5 n'xw
Whom do processes happen to?

2000 oM 'Y

Answer — naIwn
Processes happen to objects.

D'OP" X7 DR DN

Dav Don ©2018-9 13
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Question 6 - 6 n'xw
What does a process do when it
happens to an object?

20" AN NI XINW 170N NI an

Answer - naIvn

The process transforms
the Object.

LOP"AIND NN YN 1-‘7nnn

Dav Don © 20189 14

Only two OPM Things: Objects and Processes —
D'2'7NNI D'OP"AIX :TA72 DMaT 2w 72v 112 OPM

Object: Athing that exists or I TIT'S DUPNINYT WY IN DY 2T ORI

might exist physically or ONDIR-TIYTN
informatically.
Battery
Process: A thing that PN 90T 1YY 1IN 9INY AT 7N de
, -plelecl -charge-d
transforms or might transform AR NN 7

one or more objects.

- T

4 .
Charging changes Battery .Y N n7710 Nwn N1wo IL\ Charging
from depleted to charged. h
15

Dov Do @ 2015 20189
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Generation

processes transform objects. ooprak pawn on B G
Question 7 - 7 n'ixw - ,ﬂ&f‘

In what three ways does a process transform an object?
207N MYN 1NN 00T WY 1R

Answer - naiwn
creating an object O AN MY
destroying an object LR"AK (N>Y) 01N
affecting an object.

OP"AIR 2V nyown

Dav Dori ©2018-9 162 16

The first kind of transforming: Generation —
T JIYNID 210NN 190N

The process can create the object OFAND TN XY 9130 190N

) Product

Manufacturing yields Product.

XM 20

Dov Do @ 2015 20189
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The second kind of transforming: Consumption -
NO"MY (WD AI0NN 190N

The process can consume the object LFFAXN DK YT 913 P9ANA

Raw Material e W
. Manufacturing )

Manufacturing consumes Raw Material.

D072 Min TIX X

Daov Dol @ 2015 2018-9 12

The third kind of transforming: Effect -
NYOWN 'wvn a10nn 190N

The process can affect the object UKD 2V Y'OUNT D' A

Question 8 — 8 n'Inw
How does a process affect an object? 7OFIAIN 7Y Y19UN TN X

Answer -navn

» A process affects an object by changing its J2¥D DT Y DRAIN Y wown 1N
state.
» Hence, objects must be stateful — they must .07¥0 Y3 AT DYN DURER 'Y

have states.

Dov Dari & 20189 19
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MODEL-BASED
SYSTEM ENGINEERING WITH

0BJECT-PROCESS METHODOLOGY

FOUNDATIONS

State: A situation an object can be at during its lifetime.
"N Y7002 12 DAY 710 UPMINY DEXRIV'O (XN

At each point in time, the object is: RIDOPAIND AT NTIRY 703
« atone of its states, or X 1280 TN
» in transition from an input state -7 200 12WN3

— the input to the affecting process

» toits output state
— the output of that process

N1 wewmn 1IN o
-7 0790 28N 1auna

(1nn "oFE"w an) 1IN T I9I0n DKEINN

Do Dori @ 20189 2
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State transitions example -

D'2A¥YN MAYNY% XNAIT

Model (Not Saved)

(s}

o

/" Shutting
_Bown

Model Elements List

OPL
[ Laptop Laptop is physical and systemic.
Laptop can be off, on, or asleep.
© Awakening State off is initial and finl.
P ©n is physical and systemic.
O Pow _ § P ! i
Powering On changes Laptop from off to on.
Dav Dori £ 2018-9

nnvna

ot Avakerig )
[ [Toprop t 77

o anmn

-._._._Sleep

— r "-Fil-mmg To )

ST TS NN T awnn
JEINIT 3 TR I TN awnen
CDIGH AN KITY '3 230

JEMOWII TR N ATUDN
FATT 1200 TN AUNND IR N0WN ATIDN

22

The graphics-text equivalence OPM principle -
vopL-'9MA Npw OPM-n jNpY

Any model fact expressed graphically in an OPD is also
expressed textually in the corresponding OPL paragraph.

Each modality is reconstructible from the other.
This bimodal representation caters to the dual
channel cognitive assumption (Mayer, 2010)

Tree is physical and systemic.

Tree can be small or big.

nxa OPD-2 mrona mnixa o 17 nva 7Tin nTaiy 7
N7 amenan OPL -0 njooa *7Mwopo 1ol T

TINKNT TN NIN i 73

71907 YMWA 7€ TI0IAIPN NINA FOIY DT TG Al

STl TD K Yy

IR ORIt 1 yun

SR M (O 2N .

State small is initial.

State big is final.

910 NN WITA 2N .

Growing is physical and systemic. TR T KN NYTA

Growing changes Tree from small to big. "lo"n YYR DK IR nYeTa

Loy Dor € 2018 20188

A
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Question 9 - 9 n'Ixw
What are the two major aspects of any system?

PRI oM 7Y 0MIEen 0'oasIn Y 0nn

Answer - nmavn

» Structure — the static aspect: What the system is made of.
Objects and relations among them
Time-independent

JI27UAN NI 1A 0Uon VAN -N1aNn
012 D'ON D'OpEmaIR -
mr-n e .
» Behavior — the dynamic aspect: How the system changes over  .JaTh DV MINWN N2WNN TED M |20 -NIANINN
time.
Processes and how they transform objects O'OP"AIR DY ON P'RE0D9ON .
Time-dependent [aT-17n ;

Time is the discriminating factor! ''nana BN KNt

B0z Dav Dorig 20 2017-8 24

So far we discussed systems in general, without
distinguishing natural systems from man-made ones
NN | 71an? *2an 9% A NN TN T
(nIMdXA) 0TX T AWYN NN 127 NiYvaow

However, there is a fundamental difference between the two
OUNYUN |2 'NIvAwn 7720 W' NINT OV

81642020 Dov Dori © 20189 25
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Battery

Question 10 - 10 n''zw m,

What third aspect is specific to human-made systems? '

?0THN TNEIN NIDIWNAYT 'DN00 NID W9 00 DTN

Answer - naivn

» Function — the utilitarian, subjective, benefit-providing aspect: VN 70N 200N 170NN U0 -0
s Why is the system built? ?n'Na mwEn VI
F h is th tem built? UV b nl T Ty R T T TR
e For whom Is [he system Duilty PTIWHN DWEND NINn M .
« Who benefits from operating the system?

Function can be defined as any pair of process and its operand 7Y TGN DOINN AT T 10D AYDISN IR VTN [N
Battery Charging; Blood Pumpin 0T DR JUTHO NIVO, 7em?  »
* &0, v aing; i P g_ LT IR PUIRT DY nivao nonvn .

« Natural systems may be beneficial or detrimental ..

Charging changes Battery
from depleted to charged. X7 NPn n770 mwn n1we

BN E2020 Do Chari 40 2011 B9 26

A process (even a physical one) is a cognitive

. . . naan ®n (7o 0N reK) 1nn

pattern, in which we: DR NI TT0NAIR

= compare an object existence, or its state, in time TIMI7Ia ,13¥0 IX 0" DI O'en *
points in the past vs. now, and WY NNIYYT Nava Tt

- use this data to create a mental picture of the MIMN AT 7T 7N 091N B'ennen .«

LOFTUND MY D e e

transformation the object undergoes. 0NN DOPTAKA 71 AT .

Only the objects involved in a physical process can be ATen 7Nna
utouchedn
N
Product
= NPT 19y | pre-tested l_nesxed 71T
071 min a¥In . i
= *
NPT
Dow Dori @ 2018 2018-59 27
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The Object-Process Theorem
Stateful objects, processes, and relations among
them constitute a universal ontology.
"vpraR-1"7nn"-n Mo

DN D'oN'l 00N ,DaxXN Y DM
NIR0MIIN NAMIVIIN DAN

Caveat: May not apply to quantum-scale systems

(e.g., an electron may be both an object and a process)
NLPYR 7wNn%) IR DR NIPA NAYN 7Y N X7 1wy 7% mkn annan
(370NN DA LP"AIX DA NN WY

816/2020 Dov Don©201 2017-8 28

Why does this make sense?
M0 atvim

The universe is four-dimensional: TNR-YIN KID DI
» Three spatial dimensions: x, y, z, for the static '0UON LAV X, Y, Z, (D'INIA DTN WY
aspect MITA 0NN A t TR aar Tan -

» One temporal dimension: t for the dynamic aspect

(nono) mimn oi¥Na P71 0'0VO 0N OO ¢

Objects are static only in a snapshot (slice) of time t. t ot

To describe the dynamic aspect we must use t and {-1 wnnwa 199 MR 02NN DK RN T+

show how objects change over time — these are the - AT MY DUNWA DIOPTIN T NININY

processes. 0NN 1w

Feb. 0, 215 Diav Dari © 20189 29
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Empirical Proof of the Object-Process Theorem -
"opraIR-Y" 72N N Y NMaRr ANdIN

D'INA 0172 0'0N'l 0'2*707 , D'0R K
JNFooR N'NN3N NMRONLIIK NAITI0IK

Y70 Y7011 NN DAI7ILIIND DX
DINn 721 niovn 7™ n7aon nn

If the ontology is universal, it must be able to AW
model systems in any domain.
. . ) 0'7Tinn TV TITT9RND AN2INn
The empirical proof: Providing evidence of AT DAIWP DIRY D1 0NINND DN
successful models from various, unrelated domains. T
B/182020 Diaw Dori © 20189 30
Natural Science —'vao y1n
Molecular systems biology — nim71p%m ni>vn 7w a7
CEII"ICEthCl' Modeling in Systems BiG'Ogy Fosters Empiricul O'HETAA NNDUR NRYA A7 s 21mn
Findings: The mRNA Lifecycle MRNA 7w 0N UTNA (D" 'onK

Do Darl Mardechal Chader

Fublished: Sapternbear 12, 2007 « DO 10,1371/ joumal pane. 0000872

Concelptuul Model-Bus_ed Systems Biology: .Me}pping Knowledge A 9TID 9y THOOIAN T Y9 Al
and Discovering Gaps in the mRNA Transcription Cycle Y FIWW WTHB DS 171 U 19
Judith Someich B, Mordechan Choder, Dav Don

mRNA

Published December 20, 2012 « D00 10137 1journal pane. 0051430

Conceptual Modeling of mRNA Decay Provokes New Hypotheses nvwn niwn mRNA nowT e 2 vmn
Judith Samekh Gal Haimavich, Adi Guterman, Dav Dori, Mardechal Choder niwIn
Published: September 25, 2014 « DO 10,1371 /jeumnal pane 0107045
AM162020 Draw Doari £ 201 8-9 31
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[ —— Decay and Poly A Thl4o RHA
A = Foraras
/ 'Ncuﬂmﬂh and
|

Huclechdes
) ()

B _Dep:

B

“Beyond the scientific value of these specific findings, - D'NYND 7 TR W7 1aun”
this work demonstrates the value of the conceptual e I ERT e DRI i) (s

T F ; . < awninn 92 N D Y
model as an in silico vehicle for hypotheses generation AW NAYYR Y DTN
and testing, which can reinforce, and often even ©.9%NnY 199N NN omy L pTng
replace, risky, costlier wet lab experiments.” M7 Dadlon r“"“'f'{‘] _IE_'IJE

8162020 Do D 9 201 89 12 az

Nuclear reactor failure: The Three Mile Island Accident —
D'7''0 NYITY 'R MAXN 122 02 e

Pressure Building is physical.

Pressure Building occurs if Main Feedwater Pump is tripped and Condensate Pump is tripped
Pressure Building affects Steam Generator.

Pressure Building changes Pressure & Temperature from normal to too high

DTORDYNI N A

2'W NARWNI NU0IM N'WRIN NITN-N NAXWN OX NWNInn Yn? N
NTONN NIN

210N 27nn Yy ny'own yn'? Nt

2T 01227 7271 NNI0I%RLAL YN NK MYN YN? N2

*Tripped Pumps Cause too high Pressure

TR D22 yn'?? ninia niTponn X7 naxwn*
Dov Dol @ 2015 2018-8
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Offshore Oil Well Drilling -
2"1In2 Vo1 WA NIT'Y

‘ NoVYN "aNN
g 4 CEReEEteS e oatns
nsovyn "N 717N ! 36" Casing Joint

'
0 .

nosoyn 7ann Vo

36"-28"-22" :{ 35. E:- ...
Casing String " Casing
Assembly ?\ nsovy YJ'nO .‘9 Deploying
‘P—j““‘-“ EER o -------
XN N TN 'm'n nao Casmg smng
............... - s, Assembling
36" Casmg F: Menacasast’
String S Se s e NS I

Mud Motor & Bll
Assembling
- -2 9).

assemblec

| qoxnn .

T’}

|etting tood
assembled

Bit Depth e
NV 17 D Checking N2y
<t - iy g v
816/2020 Dav Don © 20189 34
Airport Operations: Outgoing Passenger -
NYI' YOoin a2iyn ate J'II‘".'IJD
A7)
1251 719'0 NoIYn 1M
Baggage Baggage Handling
SlEa AT v L
DTN DI L O.riglin —
Baggage : N¥IT N9 03
Location Baggage Handling oram Aroor 1
rigin Airpo
7o |
-/ e '3 AT 7100
Destination L i
Baggage Handling Destination Airport
a3
m /e TV 2N M
N2 Ny
NM B Claimi
“f £99age Liaming Airline
A9IYT TNaN
P . Lost&Found
<" Passenger % ggage Handlin et
b Lea\mg |
""" e e T30 e ¥ v
R — ger T NINNAI NITAN NTRY
BE2020 uon Do Dari & 20189 35
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Iron Dome - an Israeli ballistic missile defense system: 90% hit rate -
niyao Y'Y 90% 2wt 0n0ot'a 0''o 19N N1aN NN - T N9

[INLA |1NON NIP'WD

0'7'0 19N "MAN

Defense Planning
Ballistic Missile Activity
Defense

IN'XR

i Ballistic Missile
00 72 Detection

[t
N7 D

Ballistic Missile
Tracking

Yaniv Mordecai and Dov Dori, Evolving System apm
Modeling: Facilitating Agile System Development K
with Object-Process Methodology. SysCon 2015 ,9% 070
Annual [EEE International Systems Conference,

=
h
(=]
o
Bl

Defended Area

0

: mwa Hit Prob.
Vancouver, Canada, April 13-16 2015. TR Assessment i) B
-
TS 53 F9P SIS WA S ST AN BT A s
" B o 0 6 DT Planning 0" NN
LDUPPIIN *39RN NTNNTING MYXARI MIME M vN" DN
moawn? weran IEEE -n nwn 0195 SysCon 2015, ";‘:f;;r&"
.2015 98K2 13-16 7139 a2 Interception )2, =
Actity )
[IRUE PO N m
816/2020 Dav Don ©2018-9 36
Sample of engineering domains in which OPM has been used -
OPM ni2ayna win'y WYl 0NAY 001N D'RINNY AnalT
. Complex, Interconnected, Large-Scale Socio-Technical Systems. NITAI NNWE NN NN Drk20-¥I0 Niavn
Systems Engineering 14(3), 2011,
. Metworking Mobile Devices and Computers in an Intelligent Home. 03N N7 023Nl 077" 0NN kN

International Journal of Smart Home 3(4), pp. 15-22, October, 2009,

. Multi-Agent Systems. /EEE Transactions on Systems, Man, and
Cybernefics — Part C: Applications and Reviews, 40 (2) pp. 227-241,
2010

* Semantic Web Services Matching and Composition. Web Semantics:
Sclence, Services and Agents on the World Wide Web_ 9, pp. 16-28,
2011.

. Project-Product Lifecycle Management. Systems Engineering, 16 (4),
pp. 413-426, 2013,

. Model-Based Risk-Oriented Robust Systems Design. International

Journal of Strategic Engineering Asset Management, 1(4), pp. 331-354,
2013,

. Medical Robotics and Miscommunication Scenarios. An Object-
Process Methodology Conceplual Model. Artificial Intelligence in
Medicine, 62(3) pp. 153-163. 2014,

. Modeling Exceptions in Biomedical Informatics. Joural of
Biomedical informatics 42(4), pp. 736-T47, 2008.

.D"210 NI2ND NI

DU0ING NN MR D200 KD

ORIN-0FR2 N OITNN 7101

LTI QORnE I [I2'0 TININ NN [N

TIFN 01N "W NAnE DURI9Y 00N

JITHIDANT N2 202 Tann
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Complexity Management with OPM —
OPM ny niad>m 721nn

e Systems are inherently complex.

e To alleviate this complexity, in OPM, it is
managed by detail decompaosition through
three refinement-abstraction:

* In-zooming — Out-zooming

+ Unfolding — Folding

» State expression — suppression.

Dav Dor @ 2015 20188

[JY3A0ND NN [0 npayvn .

v nim xn OPM -2 1 niasim v 9pn% 1o -

173W% nivwon WITY NIVYAN 0Ien P T

npnInn — nRagnn. -

9P — w9 .

AXD T =N e

38

1 ,0PDs-n'»
oMmIT 019 NN
.onyya

77 00 on
V2 Do AR
0'2'70N ,0axn
.0n11 n'ontl

In-zooming — Out-zooming Example -
MMAIT NIgNINa-nignn
Process Performance Controlling
- a metamodel from ISO 19450 -
ISO 19450 qinn 71m-non - 0N WIXA NP

ERY o Q%Y A0

+All the OPDs, at
any detail level,
are self-similar.
*They contain only
stateful objects,
processes, and
relations.

e
-

FPHEAERG omo RO =Tae ©
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OPM Complexity Management Benefits
OPM niadqn 71am nnne

e There is no limit on the level of complexity of W NIMA NN 7Y NN 'R e

the system being modeled: N9TINNN NN

722 ANRANINNI NYAN N1AN DK Y7 N e
R0 NIREDN T Y 0N nnn

naaEn ﬂ'?ll'ﬁ'l npwnnn e

» One can specify system structure and behavior at any
level of detail by recursively in-zooming.

e Catering to the cognitive limited capacity:

:N722nn0
+ Each diagram is not overly complicated. TN YV AN 200N DK 0WAN YD e
e All the diagrams are “aware” of each other: ‘AT™? AT "DWTIN" OMWANA YY) e
» All OPDs are partial views of the same system. nnIK e Nt nan on OPDs—n'o e
» Any change in one diagram is propagated to all the nwn
other relevant ones. DMINKD 727 YOIN TN D'WIN2 "W 70
« All OPDs, regardless of the level of detail, are self- 0o
similar: They all use the same compact universal DNIT ,LN'SN M7 WP K77 OPDs - »
ontology NATI0IIN NNIND D'WATIWN 0712 :DNYY]
N7RON2NIK NOFoNIp
Dov Dort @ 2018 20188 40
OPM - Object-Process Methodology
OPM - uvprmaix-1"7an nmai2imnn
¢ A language and methodology for modeling NRWA ANV AAATINNI DY e
complex systems of any kind 210 751 NN
¢ Recognized as ISO 19450 ISO 19450 —>Dm e
e Based on the minimal universa N'70721IKN NATI0IIRD 7Y 001N e
| ontology of : v nfmamn
« stateful objects 0naYn Yl DUEMIN e
+ processes that transform objects by: STV D'OPMAIN DNRNNY 0OYan e
Creating new objects O"WTnN 0PN NN
Consuming existing ones, or omez DOPMIIN Y nony
Changing their states o'm"p 0PMIK W 0a¥n N
Diav Dari © 20189 41
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OPM - Highlights
DT "'y - OPM

e Bi-modal visual-textual presentation: N'RIVOPZV-NTNITN NIDIN-IT NAXN ©
o OPD - Object-Process Diagram VPAIR-Y"?0N NNNAR'T — OPD e
¢ OPL - Object-Process Language VP AIR-1" 7NN Now — OPL »

e Complexity management: NAOM 7101 e
» Things — objects and processes — can be 737 (o'2'%nn1 D'uxaIR) D2ATH [TV7 NI e
refined to any desired level of detail 'Y VN9 NN
» Via refinement-abstraction mechanisms: JTY-NUWON 020N NIVXNNY e
In-zooming — Out-zooming (primarily for processes) (09%nn% apwa) nmipnann - nEnn
Unfolding — Folding (primarily for objects) (Do KT 2jwa) e - nono
Expressing — Suppressing (for states) (D¥n?) 17 - 1w

Doaw Doari £ 201 8-9 42

OPM - More Highlights
n'son n'vath - OPM

e Executable: WIX2 N e
» Objects can be computational (numbers, ,01901) oraw N NN 071 007K .
parameters) (nunie
» Processes can perform math and embed T NN NS Y¥a? o' 0N e
code ynuin
» The model can be seamlessly and 7w NNt a1 NEN NN 7Tinn DR yYa? N e
concurrently executed both MW — YXIVSOIFN VAN

conceptually-qualitatively and RIYN - VIPIRE VNN

concretely-qualitatively
» Intwo modes:

Online live graphic mode: animation for
visualization & debugging

Offline batch mode: numeric simulation for big
data, statistical analysis

.0'A¥N "W =
D'ANQ 191 NWNRNYT DYNaX N |7 '97Aa 2¥N

1IMa7 NM%on TN Jipm N7 NI¥YN 2¥N2
"0'UU0 NINT7I ny
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2015: OPM becomes ISO 19450
ISO 19450 -7 Y912 OPM :2015

W Signin > Language B Halp Search

Online Browsing Platform (OBP)

B B ISO/PAS 19450:2015(en)

ISO/PAS 19450:2015(en) Automation systems and O foow | \ud
integration — Object-Process
Methodology

£ Table of contents ¢

342

Object-Process Language

OPL

subset of English natural language that represents textually the Object-Process
Methodology (3.43) model that the Object-Process Diagram (3.42) represents
4 Symbol graphically

343
PENE Object-Process Methodology
OPM modeling peir oPM
2 OPM Fundamer ncept formal language and method for specifying complex, mullidiscipinary systems in a single
OPM thing syntax and s¢ l function-structure-behaviour unifying model that uses a bimodal graphic-text
representation of objects (3 .39) in the system and their transformation (3.77) oc use by
aly T processes (3.58)
& Figures
3.44

= Tables

Dav Don © 20189
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Industry 4.0
4.0 a"wyn

hardware and software

Industry 4.0 is the ultimate blend of

Yw rono'nien afrwn X0 4.0 nrwyn

n1DINI Anin

Industry 4.0 mixes hardware and software to the extent that they

are inseparable!

I hT190"% 01N DI'RY D T TY AN AN NYYwn 4.0 arwyn

Do Dori @ 20189
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OPM is perfect for Industry 4.0
4.0 a"wyn? n'win OPM

SOFTWARE HARDWARE

Smart Robotics
Smart Manufacturing

min

n1oin

anon aEtoin
oon e

Data Capture (sensors) and analytics
Digital Fabrication (3D Printing...)
Cloud Computing in Computer Farms
Location & navigation services
Smart Phones

Internet of Things

Physical and Digital Twins
Autonomous Transportation

nj'u7ax (Dw'rn) oama nTaY
(...Tn'n NN NO9TA) Y70M AT X
D'avnn NINA [y A1YNn

vl D' NNy
o'non 0nInho
0"MaTH YW VIVI'NN

D701 T 0YT'D D'NIND

Craw Crori & 201 8-8

nMIvIxX MRnn
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Wheel Lock bs

Detected?
Whesl Lock

L i Detecting

Tpe e

e Oeia
Caiculating

Y

Spead Della

L g
|

OPM
OPD _

fing from S01.1

OPL g_.;:_;",ﬁ .

1.1 2cams in S01.1.1.1.3 inta

OPD -
Object
Process

~_ Diagram -

OPL -
Object
Process
Language

and V k Evaluating, as well as Speed

Bimodal graphics-
text representation
caters to dual
channel

processing

Do Dori @ 20189

OPD -

U

N
.o

OPL -
OjAIN
J'mn
now

— N'7TIN-a Ao
Z"?NIUDDLJI 971 A
IT TIA'W? DXRNIN

nimn 7w Wiy
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Massachusetts Institute of Technology I i I| ]

OPCloud

w e~ B @ e

= g, OPC Manager ~

Maodel Elements List

OPL

and W i as wel 3

liscterazn

Q q

Cloud-based
application - ability
to work from
anywhere, any time

OPCloud main features
nimp'y npn OPCloud

|3y colian

TIAY? N0 -n1w
AT 7221 DIN 720

Latest Web
development
technologies:
Firebase, Angular,
Rappid...

NIMTYA NrnLN
:D"NN NIN'DY7 "Nl

Firebase, Angular,
Rappid...

Collaborative and
simultaneous work
of multiple users,
one editor at a time

nTIAY Ay eI
1901 7 NNt 1A
TAX Y ,0'Unnen
Dyo ‘12

Correctness-by-
construction via
context sensitivity
for choice of links
and other features

N"12A-TI-IN-N1ID]
NIWaAa7 NIYYNXa

oNIwE nnaY
NNNK NIIRNI

.. . noAYn oy nixiwye
Connectivity with NN ' Bacldvard IINKY NIN'RN
compatibility for
to other systems (DOORS,ARAS
0 ] OPM models OPM maTay
(DOORS, ARAS, PTC...) .
i prepared with OPCAT oy minw
PTC...) using OSLC
OSLC niy¥nxa OPCAT
Dav Don £ 20189 49
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Where is OPM used? 70PM- 2 np'wnnwn p'n
e Automotive industry DM NUYYN e
e Aviation industry NOIYVNN N"WYN e
o White appliances industry 0127 7nwn 'won n'wyn e
e Energy sector N'A0IKN TN @
¢ Insurance sector Niv'an Q1Y e
e Molecular biology n72177m a2 e
e Space agencies M NIIo e
Doaw Doari £ 201 8-9 50

g E -
x > Object:Process

- OPM- Resources - OPM axwn. =

Systems
ir?ncmng with
0Pt and SvsML

B°9k (2002): Object-F s Mell logy - VP AR-Y7AN NeAmnn ((2002) 9o -
listi ems F . Springer Verlag,
Berlin, Heidelberg, New York, 2002.
Book (2016): Model-Based Systems Engin SysML -1 OPM oy p*71in niooian nidwyn nonn (2016) 1o
t and 1L, Springer, New York.
ISO Standard: |SO 19450 OPM 19450 ISO :ISO |pn -«
edX Course:
www. .com/watch?v=5ZhEr. edXop -
Website: En
coitail:;.; DMK NDWNY 0'7TM NTAYN DR ¢
+ journal & conference papers, nmon .
+ free OPCAT software, upcoming OPCloud D'oINY and ¢
+ presentations anpn OPCloud ,p1'na OPCAT ndin -+
projects niaxn e
+ more... D'vP'Ne  *
OPCloud: ht N.opcloud.tect LT .
Dav Dori ©2018-9 OPCloud - 54
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AV
OPM

an

Driver

AR N2
Vision Clarity

clear unclear

ana Ny

Lz ( Automatic Light

Handling

OPCloud Implements OPM ISO 19450 — OPCloud nx nw'n OPM ISO 19450

chusett of Tech I"lii
N'ONIVIN AIX NP2 NOWN
Automatic Light
Control System
A
'VNIVIX NNIX 71Y9N
—C Car
n'01o
Headlights

MOPNIVID [UN

Photoelectric
nsor

Dav Darl @ 2015

SysML and OPM - a brief comparison
Ay nxnen- OPM 1 SysML

UML; Object-Oriented paradigm

~1670=T00 (UML Infrastructure)
+ 700 (UML Superstructure) +
270 (OMG SysML)

OMG

2]

Block (UML object class)

Aspect-based decomposition

In some diagram kinds
~120

Yes

Mo

No
Partial (using boundaries)

Mo
Mo

Partial (in some tools for some
diagram kinds)

Many, some free

Minimal universal ontology,
Chject-Process Theorem

~180=100 (IS0 19450 main standard) +
80 (appendices)

150
1
Thing {object or process)

Detail-level-based decomposition

Yes
~20
Yes
Yes

Yes
Yes

Yes
Yes

Yes

Currently one free (OPCAT) from

Cloud-based tool under development
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OPM Objects - 112

https:/www.youtube.com/watch?
v=IrdCIMFGIMs&list=PL7H3hAs1csPj5Gt2PHJT_HqQQoblzzSjn&index=4
OPM Processes - 113

https://fwww.youtube.com/watch?

v=vugvSlgnZ9o&list=PL 7H3hAs1csPj5Gt2PHIT HqQQo6lzzSjnkindex=5
OPM State - 114
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v=55X0gADTMol&list=PL 7H3hAs1csPj5Gt2PHIT HgQQoblzzSin&index=6
Relations between Things - 121
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v=Rf3l4a DtCI&list=PL 7H3hAs1csPjSGI2PHJT HgQQo6lzzSjn&index=7
Creation and consumption of objects - 122
https://fwww.youtube.com/watch?
v=WdODEvOcRCA&list=PL7H3hAs1csPj5Gt2PHJT _HgOQob6lzzSjn&index=8
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Object-Process

Link Type Link Name Object-Process Language Syntax
Diagram Symbol
Aggregation- [Object] consists of [Objects];
Participation [Process] consists of [Process/es]
[Object] exhibits [Object/s];
Exhibition- [Object] exhibits [Process/es];
Structural A
Characterization [Process] exhibits [Process/es];
[ Process| exhibits [Object's]
Generalization- |Object's] is/are [Object];
Specialization [Process/es] 1s/are [Process)
Agent —B [Object] handles [Process/es]
Instrument D) [Process| require/s [Object/s]
Procedural  Consumption & [Process| consumes [Object's|
Result e [Process] yields [Object's]
Effect = [Process| affects [Object/s)
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JI7UINN NIK N2on INTRNNY 0¥Un XN 'wx oxy - Main object

DOANIMN 09Xy T 70 DINWN NOIYAN 12 [DIND - N7 DIFNTTA X Nowa nianinn - Behavior of a system
HOW Q%xwn 7 Ny ara ovI7na D2Ynn "N X7 002700 niyenxa

SYRID DYV DR 1'ANAN 7000 K0 wx P7an Main process
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Object-Process

Link Type Link Name Object-Process Language Syntax
Diagram Symbol
Aggregation- |Object] consists of | Object/s];
Participation [Process] consists of [Process/es)

|Object] exhibits [Object/s);
Exhibition- |Object] exhibits [Process/es];
Structural A

Characterization | Process| exhibits [Process/cs];

| Process| exhibits [Object's)

Generalization- |Object/s] is/are [Object]);
Specialization [Process/es] i1s/are [Process]
Agent |Object] handles [Process/es)
Instrument | Process] require/s [Object/s]

Procedural  Consumption | Process| consumes [Object's|

Result [Process] yields [Object's]

piA Ll

Effect [Process| affects [Object/s]
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Agent —e [Object] handles [Process/es)

Instrument —) [Process] require/s [Object/s]
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1. A synchronous process should contain at least two subprocesses. |:|

2. Every subprocess of a synchronous process must transform at least one object. |:|

3. No consumption or result link can be connected to the contour (border) of the in- D
zoomed process.

4. A synchronous process should make use of technical terms not understood by a D
layperson.
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1.The Validation stage can be "untested" or "tested"
2. Design Documentation exhibits Production Status
3. R&D Team handles Design process

4. Designing Process affects Design Stage of Design Documentation

OO0OO0O0O0

5. Designing Process yields a Ready to Use Robot
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1. Every asynchronous process must contain at least two subprocesses.
2. Every subprocess of an asynchronous process must transform at least one object.
3. No links can be connected to the unfolded process.

4. An asynchronous process must have at least two subprocesses that are performed
in no particular order.
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Development Team consists of Engineering Group, Mechanical Design Group and Software Design
Team

Releasing to Production consists of Releasing Bill of Materials, Releasing Assembly Drawings and
Releasing Software

Production File consists of BOM, Mechanical Drawings and Code
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Links
Link Type Link Name
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Processing

Object-Process

Diagram Symbol

&

state

Object-Process Language Syntax

| Object | consists of |Object's|,

[Process) consists of [Process/es)

Exhibition-

[Object| exhibits [Object/s)

| Object| exhibits [Process/es);

Structural A
Characterization [Process| exhibits [Processies]:
[Process] exhibits [Obyect's)
Generalizanon- |Object's) 1s/arc |Object|;
A
Speciahization [Processes) isfare [Process)
Agent —® [Object] handles [Processes]
Instrument —) [Process| require’s [Object 5]
Procedural  Consumption < | Process| consumes |Object's|
Result —3 [Process] yiclds [Object's]
7Hchl d'—i> [ Process| affects |Object's)
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e N Coronavirus

- Coronavirus-check
Robot Operating ~! ; Check Status
/ | accomplished
nternet
s

verified suspected
coronavirus coronavirus
patient patient
Examined Teacher &

1. Examined Teacher exhibits (a'xn) Coronavirus Check Status at state accomplished

2. Coronavirus Check Status at state accomplished exhibits (a'xn) Examined Teacher
3. Examined Teacher can be verified coronavirus patient or accomplished

4. Coronavirus-check Robot Operating yields (2'an) accomplished

OO0OO0O0O0

5. Coronavirus-check Robot Operating consumes (711x) not accomplished
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Corona-check Robot can be assembled or not assembled

Production File is informatical.

Per Day Coronavirus Tests Capability of Health Authorities can be low or high.

Profit of Corona-test Robot Manufacturer can be current or higher.

Health Authorities is environmental

Development Team consists of Hardware Team and Software Team.

Corona-check Robot consists of Communications Front End, Motor Drive Subsystem Set, and Sensors Subsystem Set
Corona-test Robot Manufacturer exhibits Profit.

Health Authorities exhibits Per Day Coronavirus Tests Capability and Technical Specifications.

Corona-check Robot at state assembled exhibits Technical Specifications.

Corona-test Robot Assembling changes Corona-check Robot from not assembled to assembled.

Corona-test Robot Assembling changes Profit of Corona-test Robot Manufacturer from current to higher.

Corona-test Robot Assembling changes Per Day Coronavirus Tests Capability of Health Authorities from low to high.

Assembly Line Worker Group, Corona-test Robot Manufacturer, and Development Team handle Corona-test Robot Assembling.
Corona-test Robot Assembling requires Assembly Line Workshop, Communications Front End, Motor Drive Subsystem Set, Production File, and Sensors Subsystem Set.
Corona-test Robot Assembling consumes Power Supply.
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Corona-test Robot Assembling changes Corona-check Robot from not assembled to assembled.
Corona-test Robot Assembling changes Profit of Corona-test Robot Manufacturer from current to higher.
Corona-test Robot Assembling changes Per Day Coronavirus Tests Capability of Health Authorities from low to high.
: 0290 P3N OPLvawn .5

Assembly Line Worker Group, Corona-test Robot Manufacturer, and Development Team handle Corona-test Robot Assembling.

: NOWNNN MNP oon»nnn OPL»vawn .6
Health Authorities exhibits Per Day Coronavirus Tests Capability and Technical Specifications.

Corona-test Robot Manufacturer exhibits Profit.
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