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What will this talk be about?

e Introduction to Model-Based Systems
Engineering and conceptual modeling

e Object-Process Methodology — OPM, the new
ISO/PAS 19450

e Integrating MATLAB/SIMULAINK guantitative
aspects into OPM:

Approaches

Performance
Evalaution

Dov Dori © 2015 2


http://www.iso.org/iso/catalogue_detail.htm?csnumber=62274

What is Model-Based Systems
Engineering?

The use of a formal modeling language
to

= Model
= Architect
= Design
= Communicate & Share
= Test, Validate & Verify
= Deploy & Maintain
Complex multidisciplinary systems
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MBSE Methodology

e MBSE calls for the development of a comprehensive
methodology, capable of tackling the mounting challenges
that the evolution of new systems and products poses.

e An MBSE methodology is a collection of related processes,
methods, and tools that support systems engineering.

e Modeling is a foundational engineering activity in an MBSE
methodology.

e The evolving model resulting from this activity is a central
Infrastructural entity

e The model supports systems development, evolution,
and lifecycle in a “model-based” or “model-driven”
context.

4 Dov Dori © 2015 4
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Conceptual Modeling

e Central to the MBSE approach is the activity
of conceptual modeling:

e the creation of a model or inter-related models or
views in some formal language

e The model specifies at various levels of detall,
and from various viewpoints, how a system Is
structured and how it behaves in order for it to
deliver its intended function.

e Let us examine an OPM model of a generic

product lifecycle engineering system.

5 Dov Dori © 2015
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SE and MBSE and Engineering Systems in Context

Scope Human Intellectual Activity

Society, country

Engineering
Systems  Conceptual
modeling and MBSE
System of Y F57 )| vanagement are orthogonal
Systems . .
g Prject A Not limited to any of
Systems Engineering the bOI’derS On the
Management
Quality Systems Engineering Ieft
d OPM-based
Domain Systems .
System Engineering conceptual modeling
Domain Engineering Can be applled tO
— systems in any
Component | & 4 domain and at any

Domain areas

level of complexity.

6 Dov Dori © 2015 6
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OPM'’s only two building blocks:

Product

1. Stateful Object - et

All the other elements are
relations between things,
expressed graphically as links.

ﬁ
system design and management

Dov Dori © 2015



' Technion
@' g Israel ll;l ttttttttt

Massachusetts Institute of Technology II I i1

Transformlng an object by a process

can be done in three ways

(1) Process consumes the object

Raw Material

Manufacturing

k

EAS J

.

—

Manufacturing consumes Raw Material.

ﬁ
system design and management

Dov Dori © 2015
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(2) Process creates the object

(] null : SD T[S]X]
i~

'
Consumption 4 Creation ) )

Raw Material [—=> g )—=> Product

Manufacturin

N
< ) ”

F . a

Manufacturing consumes Raw Material.
‘Manufacturing yields Product. ]

system design and management Dov Dori © 2015 9
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The thlrd and last kind of object transformation:

(3) Process affects object by
changing the object’s state:

Product

pre-tested
\ 4]
N

P w

Product can be pre-tested or tested.
Testing changes Product from pre-tested to tested.

10
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The graphlcs-text equivalence OPM principle
Any model fact expressed graphically in an OPD is also

expressed textually in the corresponding OPL paragraph.

Caters to the

dual channel
cognitive
assumption | !
(Mayer, 2010) ES -
Tree is physical. R
Tree can be small or big.
small is initial.
big is final.
Growing is physical.
Growing changes Tree from small to big. f{
0OPL Generator

Oo o AAAAL= AAY LS AL AR XN

i 11
system design and management Dov Dori © 2015
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Physical vs. Informatical Things

System Edit View Motation Operation Generation Help

[E&A d & BRE Ru0sdEd mas)
: Models sD

Repository Browser :
~ OPDHierarchy
> @ Tree Growing BOOk is a St('.lr'y about a

|Giving Tree I N Y UiEs
ZAX small ‘ \

Author

[ Shel Silverstein ]

Book Format: Hardcover | Kindle Edition

The Giving Tree Feb 18, 2014
by Shel Silverstein

Tree is physical.
Tree can be small or big.
small is initial.
big is final.
Book is Giving Tree.
Book exhibits Author.
Author is Shel Silverstein.
Book is a story about a Tree.

Hardcover

$12.45 $16.99 Prime
Get it by Monday, Feb 9

More Buying Choices
$1.62 used & new (285 offers)

— Kindle Edition
% — J | S— $9.99
[ e [O0 0 AAAASS 2245252 X Auto-delivered wirelessly

OPCAT —downloadable free from http://esml.iem.technion.ac.il/

Dov Dori © 2015
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Application in Science: Molecular biology

Conceptual Modeling in Systems Biology Fosters Empirical
Findings: The mRNA Lifecycle Figures

Dov Dori [@], Mordechai Choder

Published: September 12, 2007 « DOI: 10.1371/journal.pone.0000872 ) C@f

Conceptual Model-Based Systems Biology: Mapping Knowledge
and Discovering Gaps in the mRNA Transcription Cycle

Figures

Judith Somekh [@], Mordechai Choder, Dov Dori

Published: December 20, 2012 ¢ DOI: 10.1371/journal.pone.0051430 = = é — | = ==
B i =
- o, O Ll

= ==

Conceptual Modeling of mRNA Decay Provokes New Hypotheses

Judith Somekh [&], Gal Haimovich, Adi Guterman, Dov Dori, Mordechai Choder

Published: September 25, 2014 « DOI: 10.1371/journal.pone.0107085 Figures

11/16/2015 Dov Dori © 2015 13
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A Deadenylation
Factor Set
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Tk Set
Decay and Poly ATail-to-RNA
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Decay and Nuclear Import affects Decaysome and mRNA
Decay and Nuclear Import zooms mnto Recruitinents and Deadenylation, Decapping and
Degradation, and Decaysome Import

Recruitiments and Deadenvlation occurs if mRNA L

cation 1s cvtopl

exoct “Beyond the SC|ent|f|c value of these specmc flndlngs

mRNA

»= this work demonstrates the value of the conceptual

\l‘ll

wi= model as an in silico vehicle for hypotheses generation
and testing, which can reinforce, and often even
replace, risky, costlier wet lab experiments.”

11/16/2015

14



T, Technion THe
ENTERPRISE SonmNG LABORATORY 'I';r::"l"l:ll:g;um o Ma“ad‘m l"ﬂit“te n' Tﬂd‘ “ﬂlm I I I I

Nuclear reactor failure:
The Three Mile Island Accident

Tripped
i - Pumps Cause
too high
Pressure

Steam
Generating

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 naormal to too high.

PORV
Opening

tao high

stuck =
open

.
normally
open
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Offshore Oil Well Drilling

System Edit View Motation Operation Generation Help

€/a/e]

e d e BRE

[EER

( Models
l Repository Browser
( OPD Hierarchy

v (& schilling Pork Chap
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Airport Operations: Outgoing Passenger

Baggage Handling

Baggage |

Airport

Origin
Baggage Handling

Baggage

ZAX Location Z
— '
aircraft A:—.—..
34
i

iy
)

Origin Airport

Destination Airport

O Airline

()

" Lost&Found
Baggage Handling

-

‘-..P"

Lost & Found

:' P
] assenger Desk

‘o N LEEVIng e M

Passenger

11/16/2015 Dov Dori © 2015 17
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Iron Dome - an Israeli ballistic missile defense system

Yaniv Mordecai and Dov Dori,

Defense Planning

Interception
Planning

Interception .
_Activity _~

Balistic Missile™) Activity Evolving System Modeling:
—— e Y Petecton|  Facilitating Agile System
= J| Development with Object-Process
D‘etfd"""- N ‘_? Methodology. SysCon 2015, 9"
Hit Prob : Annual IEEE International Systems
Tracking Assessment 4 ;
Activity e HitPreb | Conference, Vancouver, Canada,
PRIbrCied ired April 13-16 2015.
Assessment \Ianning Activity -~ g7 To be presented
\/

Interception
Feasibility

Hvon ) o )

11/16/2015 Dov Dori © 2015 18
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Sample of engineering domains in which OPM has been used

Complex, Interconnected, Large-Scale Socio-Technical Systems. Systems
Engineering 14(3), 2011.

Networking Mobile Devices and Computers in an Intelligent Home.
International Journal of Smart Home 3(4), pp. 15-22, October, 2009.

Multi-Agent Systems. IEEE Transactions on Systems, Man, and Cybernetics —

Part C: Applications and Reviews, 40 (2) pp. 227-241, 2010.

Semantic Web Services Matching and Composition. Web Semantics:

Science, 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 Conceptual Model. Artificial Intelligence in Medicine, 62(3) pp.
153-163, 2014.

Modeling Exceptions in Biomedical Informatics.
(4), pp. 736-747, 2009.

Dov Dori © 2015 19
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OPM IS currently most fit for early,
conceptual design

We want to leverage the strength of
MATLAB/Simulink to enjoy the best of
two worlds

Two approaches (Aharon Renick’s
Masters Thesis):

1. AUTOMATLAB
2. MMATLAB subcontractor

Dov Dori © 2015 20
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AUTOMATLAB

e Adding a numerical computational layer to the
conceptual modeling power of OPM.

e Simulating system behavior both qualitatively
and guantitatively.

e AUTOMATLAB stages:
AUTOMATLAB code generation
AUTOMATLAB code enhancement

AUTOMATLAB controlled simulation

Dov Dori © 2015 21
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AUTOMATLAB Architecture

- I
I Criiginal
! OF‘MgmndeI :_

AUTOMATLAB-Based Simulating

MATLAB Code
Generating

Pre-Definad
Data Bank - MATLAR .
Code
Enhancing
pra
Enhancad
MATLAE Code
Enhanced
Madel Simulating
MATLAB-Enhanced
CPCAT Simulation

Dov Dori © 2015

Simple MATLAB
Code

MATLAB
i Compalible
i Compiler
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OPM-MATLAB equivalence

e Generating the AUTOMATLAB layer
requires to understand the computational
meaning of an OPM model.

e As a first step, we have mapped the main
basic built-in MATLAB functions to their
OPM model equivalents

e Some examples:

Dov Dori © 2015 23
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OPM-MATLAB equivalence example (1)

Symbol | Operator/Process Name OPD

“ar 1 “War 2

b d

+ Addition / Adding o Adding )

hhi_.ﬂ"

Result

Var 1 Var 2

b 4

* Multiplication / Multiplying  Mutiplying )

-
- -

Result

Dov Dori © 2015 24
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OPM-MATLAB equivalence example (2)

Symbol | Operator/Process Name OPD
Var 1 “ar 2
\ 4
R Exponentiation / IR
Exponentiating { Frponenatiating )
Result
Var_1 “ar 2
\ DlVlSlOﬂ/DlVldlng :# Dividing ‘\_]
Fesult

Dov Dori © 2015

25



_~

: y Technion ‘ TH
| g ettt Massachusetts Institute of Technology I Il |

OPM-MATLAB equivalence example (3)

Operator / Process Name OPD

Logical If Criterion

| True | |Fa|se |
Fi %

If Frocessing Else Processing

Loop Processing

if then...else

=

. Logical While Cnterio
while o) -
True

Dov Dori © 2015 26
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OPM-MATLAB equivalence example (4)

Operator /

Description OPD
Process Name P

War_1: Vectar War_2

Returns the discrete Fourier

N

P transform (DFT) of vector X, Oowr )
computed with a fast Fourier b
transform (FFT) algorithm Result Voo 1
Determine whether array/variable Var_1
Isempty IS empty (skips block if code if is
empty)

Dov Dori © 2015 27
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AUTOMATLAB Code Generator

e MATLAB code that Is equivalent to the
OPM model is generated.

e Processes, objects, values and relations
are identified in the OPL statements and
translated to MATLAB code.

e Processes and objects relations are
mapped In three matrices: process-to-
process relations, object-to-object
relations, and process-to-object relations.

Dov Dori © 2015 28
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AUTOMATLAB Code Generator

e For example, a ‘requires’ relation between
process A and object B means that B is
Instrument for executing A.

e This will be translated to the following
MATLAB code segment in the m file:

B 1 ¥ L redgquires EB.
4 = 1f ~izemprty (B
d) 5= B{);
4 — end

Dov Dori © 2015 29
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AUTOMATLAB Code Generator

e Adding a ‘yields’ relation between process
A and object C, which means that C
results from executing A results in the
following code:

1 % L redquires EB. function [C] = A(E)
L recquires B

4 wields C

8 2 — if ~isempty (B

. 3 = [C] = &A0):

c

% B %A redquires B

-] ™ i = I M -

— C = 1; %4 wields C

e A more complex example will be presented soon...

Dov Dori © 2015 30
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AUTOMATLAB Case Study

e Demonstration AUTOMATLAB for an OPM
model of a molecular biology system.

e OPM model of a biological process called
MRNA Lifecycle presented in (Somekh et
al. 2012).

Dov Dori © 2015 31



| vmmmmw g!ﬁf?gl?? Massachusetts Institute of Technology Illil-
AUTOMATLAB Case Study
DA Transcnption

Initiation
Transcription Factors
<<link >z
TF-Pol I-DNA-rpbd/7

Faol ll

Elongation

<<|ink>>
pbdf7 Fol ll-rpbd/7-DNA
Termination
mRNA
Export Factor <<link>>

mRNA-rpbd/7-EF

Dov Dori © 2015 32
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MATLAB code for mRNA Transcription

1 function [wEMNA] = Transeription(TranscriptionFactors,rph4 7, PollI, DNL,ExportFactor)

2 tTranscription requires TranscriptionFactors, Transcription requires rpbd 7, Polll, DML and ExportFactor
3 sTranscription yvields mBNAL

4 (Transcription requires mBNL

5

& tInitiation requires TranscriptionFactors, rphd 7, Folll and DA

7 YInitiation yields link TF PolIl DWA rphd 7

g - if ~izemprty(TranscriptionFactors] &4 ~isemprty(rpbd 7] &£& ~igempty(Polll] L& ~isempry(DNL)

9 - [link TF Polll DHNA rphd 7] = Initiation(TranscriptionFactors,rpld 7,Polll, DNA);

10 YTranscription consists of Initiation

11 - end

12

13 tElongation conswumes link TF PolIl DML rphd 7

14 tElongation yields link PolIl rpbh4 7 DNA and mBENL

15 - if ~isempty(link TF PolII DNA rphd 7|

16 — [link PolII rph4 7 DMA,link TF PolIIl DNA rph4 7,wFNA] = Elongationilink TF PolII DHA rpbd 7):
17 (Transcription consists of Elongation

15 — end

14

20 tTermination regquires rphd 7, wmBNL and ExportFactor

21 tTermination conswoes link  Polll rphd 7 DHNA

22 tTermination yields link wBNAL rphd 7 EF

23 - if ~isemptyirpbhd 7} £& ~isempty(link PollIl rpbh4 7 DNA) && ~isempty(mBNA) &£ ~isempty(ExportFactor)
24 = [link PolIIl rpb4 7 DNA,link wRNA rph4 7 EF] = Termination(rphd 7,link PolIl rpb4 7 DNA,wBENA, ExportFactor);
25 (Transcription consists of Termination

26 — ernd

27

28 — end

Dov Dori © 2015 33
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MATLAB code for mRNA Transcription

1 function [mBNA, InitiationLength] = Transcription|TranscriptionFactors,rph4 7,FPolll,DNA,ExportFactor)
2 (Transcription requires TranscriptionFactors, Transcription reguires rphd 7, Polll, DNL and ExportFactor
3 (Transcription vields wRNA

4 (Transcription requires mBNL

5

6 (Initiation reguires TranscriptionFactors, rpb4 7, Folll and DHL

7 3Initiation yields link TF _PolIl DNA rph4 7

g - Initiationlength = 0;

9 - InitiationExecuted = 0;

1o - while ~InitiationExecuted

11 - p = rand;

1z - if p<0.7

13 - if ~igempty(TranscriptionfFactors) && ~isewpty(rpb4 7) && ~isempty(Polll) && ~isempty (DNA)

14 - [link TF _PolII DMi rph4 7] = Initiation{TranscriptionFactors,rpb4 7,Polll,DNA);

15 3Transcription consists of Initiation

16 - end

17 - InitiationExecuted = 1;

15 - Initiationlength = Initiationlength + 2 + rand¥(3-2);

19 - elze

20 - InitiationLength = Initiationlength + 0.5 4+ rand#*(1-0.5):

2l - end

22 — end

23 3Elongation consumes link  TF PolIl DNA rphd 7

24 (Elongation yields link PolIl rph4 7 DNA and mBNA

25 = if ~isempty(link TF PollI DNA rphd 7)

26 — [link PolII rpb4 7 DN, link TF PolII DML rph4 7,mBNi] = Elongation(link TF PolIl DML rph4 7):
27 (Tratnscription consists of Elongation

2f - end

29 (Termination reguires rphd 7, wENL and ExportFactor

30 (Termination conswwes link  PolIl rph4 7 DML

31 3Termination yields link wFNA rph4 7 EF

32 - if ~isempty(rpbd 7] && ~isempty(link PolIT rphd4 7 DNA)] && ~isempty(wPNL] && ~isempty(ExportFactor)
33 - [link PolIl rpb4 7 DMA,link mBNA rpb4 7 EF] = Termination(rpb4 7,link  Polll rpb4 7 DML, wPNL, ExportFactor):
34 (Transcription consists of Termination

a8 = end

36 —

end 5311
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AUTOMATLAB Example

WMV
Matlab20OPM_1.wmv

Dov Dori © 2015 35
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AUTOMATLAB Case Study

e AUTOMATLAB controlled simulation
Includes additional stochastic capabilities.

e Simulation in MATLAB provides additional
Information and examining abilities.

Event length for 1000 samples
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OPM Computational
Subcontractor

Dov Dori © 2015 37



g sl dea ot Massachusetts Institute of Technology I I 1|

ENTERPRISE SYSTEMS MODELING LABORATORY

OPM Computational Subcontractor

e MATLAB or Simulink Is a "computational
subcontractor"” for the OPM model.

e \We augmenting a regular OPM model,
such that any process can be in-zoomed
by MATLAB code or a Simulink diagram.

e \When the OPM simulation Is executed, it
runs normally according to the OPM
semantics.
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OPM Computational Subcontractor

e \When reaching a process that was In-
zoomed by the computational
subcontractor, MATLAB or Simulink are
called.

e Relevant information is sent via MATLAB
and the sub-simulation function is called.

e The outcome of this sub-simulation
defines the outcome OPCAT simulation.
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OPM Computational Subcontractor Architecture

Computational Subcontractor-Based Simulating
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Example: OPM Computational Subcontractor
for a search and tracking radar system

h 4

Pulse RF & Transmitter Array

Time offset: 0
Time offset: 0O
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Radar Searching & Tracking in-zoomed

Radar Searching & Tracking

Detection

) ()

Track Output

{9
Message Outputting

Detection No Detection
Details Message
Message
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Searching in-zoomed

Searching
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Math expressions are so much more compact...
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Even Simulink is not as good as math...

P =

r
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P=R+G +G, +0+24-3-47—-4R-L
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The Simulink code for P =P +G,+G, +5+21-3-47—4R-L

1 function detection = Searching(transmitting power W,gain TZ dB,gain BX dB, ...
a RCS me,wavelength m,distance km, 3NE threshold dB)
3

4 — Lozs = 3; %[dE]:

5 - noise = —-120; % [dBm]

=

7 5 Pr [dEBEm]

g8 - Pr = ...

a 10%loglO(transmitting power W) + gain TX dE + gain RX dB...

10 + 10%loglO(RCS m2) + Z20%*1loglD (wavelength m) ...

11 - 10*3#40*logl0{distance km) - 4%30%FloglO{pi] - Loss;

12

13 — if (Pr - noise) » SNE threshold dB

14 — detection = 1;

15 — glse

le — detection = 0O;

17 — end
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Executing the OPM model with calls to MATLAB

[=] Op2Mat k=t l

Radar Searching & Tracking 1 1
2 *
3 Gearching
4 +
5  transmitting power I = 100007
Detection g gain T¥ dE = "45"
7 gain BX dBE = 457
g RCA_mad = "17.27
S wawelength m = "0.08"
10 distance km = "31"
11 SNB_threshaold dB = "18"
12 *
13  detection = {"a", "1™}

Radar Searching & Tracking

Detection Mo Detection
Details Message
Message

|=| Mat20p.t=t

1 1

2 w

3 Bearching

4 w

S detection = (17}

Detection | [hg Detection
Details Message
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OPM Computatlonal Subcontractor Example
Summary

e Simple radar equation implementation was
demonstrated with both MATLAB and
Simulink.

e Changing the level of complexity of the
subcontracted model without changing the
OPM model itself is easy.
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Evaluation
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Evaluation

e A thorough evaluation of the
AUTOMATLAB approach was conducted
as part of the ‘Specification and Analysis
of Information Systems’ course.

e Evaluation was based on an OPM model
of a Web Based Grocery Shopping
system created by the students in the
course.
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Evaluation
e All students (N=12) had knowledge of OPM

e Some students (N,=5) had prior knowledge of
MATLAB.

e The rest (N,=7) had none or very little
knowledge of MATLAB

e About half the students received the
automatically-generated MATLAB code from
AUTOMATLAB.
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Evaluation

e These student were able to expand the
MATLAB code to obtain answers.

e The other half (control group) were asked
to answer the questions using any tool
they desire, not receiving the code.
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Evaluation

e The students with prior knowledge of MATLAB
were the experimental group, while the rest
served as the control group.

e In order to extend our sample, each student
preformed the evaluation for two different data
sets, achieving a total of N=24, with N,=10 and
N,=14.

e The evaluation was based on an OPM model of
a Web Based Grocery Shopping system which
had been created by students in the course.
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User | Grocery Stores :

Evaluation — OPM model

Web Based Grocery Shopping

Web Based Grocery Shopping

Delivered Products

L
| Payment
User ¥
s Terminating
hopping List .
Creating Cou D?rasdnai';%hmg
Chosen ltem
Coupon
Shopping Cart Poal
%, Q tem
Shopping List .,%% ecommending
haring 2y,
Recommended
[term List
Qi Ts=====°< 1
i Grocery Stores |
1
T Products Recommended
Ordering Shopping List

Delivered Products
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Evaluation — OPM model

User
I |
Registered User Un-Registered User
Decides on
Personal Data _ User Type Remaining
[Plemium USEIJ lReguIal User ] Desired ltem
Shopping List Coupon List Payment Method Address Full Mame
b
[=]

Shipping Area
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Evaluation — OPM model

Shopping List Creating U
ser

ltern Choosing [ .

—

Registered User

Chosen ltem

-

Low Price Generating High Price Generating A
User Type
ltem Price _
. Low . High “‘I Premium User
o
Product Updating Shopping Cost Updating Shopping Cart
A
Total Cost

Product List

aining Desired
5

\.\ .
)N True l

M
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Evaluation - Shopping List Creating MATLAB code

function [TotalCost,Productlist,RemainingDesiredItems,Chosenltem] = ShoppinglistCreating (RegisteredUser,UserEntity,TotalCost, Productlist,RemainingbesiredItems)

% ShoppinglistCreating zooms into ItemChoosing, LowPriceGenerating, HighPriceGenerating, ShoppingCostUpdating, and ProductUpdating, as well as ITtem Price.

- while isequal (RemainingDesiredItems, 'True') % ShoppinglistCreating occurs if RemainingDesiredltems is True.

- end
= end

if ~iszempty (RegisteredlUser)
% RegisteredUser handles ItemChoosing.
[ChosenItem] = ItemChoosing(RegisteredUser):; % ShoppinglistCreating consists of ItemChoosing
% ItemChoosing vields Chosenltem.
end
if ~iszempty (Chosenltem) && isequal (UserEntity, 'Eegular user')
% HighPriceGenerating occurs if Chosenltem is in existent and UserEntity is Regular user.
[ItemPrice] = HighPriceGenerating(Chosenltem,UserEntity); % ShoppinglistCreating consists of HighPriceGenerating
% HighPriceGenerating yield=s High ItemPrice.
end
if ~isempty (Chosenltem) && isegual (UserEntity, 'Premium user')
% LowPriceGenerating occurs if Chosenltem iz in existent and UserEntity iz Premium user.
[ItemPrice] = LowPriceGenerating (ChosenItem,UserEntity); % ShoppinglistCreating consists of LowPriceGenerating
% LowPriceGenerating yields Low ItemPrice.
end
if ~izenpty(ItemPrice) && ~isempty (TotalCost)
% ShoppingCostUpdating reguires ItemPrice.
[TotalCost] = ShoppingCostUpdating (ItemPrice,TotalCost):; % ShoppinglistCreating consists of ShoppingCostUpdating
% ShoppingCostUpdating affects TotalCost.
end
if ~iszempty (Chosenltem) && ~isempty (ProductList)
% ProductUpdating requires Chosenltem.
[RemainingDesiredItems, ProductlList] = ProductUpdating (Chosenltem, ProductList); % ShoppingListCreating consists of Productupdating
% ProductUpdating affects ProductList.
% ProductUpdating yields either True RemainingDesiredItems or False| RemainingDesiredItems.
end
% ProductUpdating invokes ShoppinglistCreating.
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Evaluation - Shopping List Creating MATLAB code

1 E%function [ChoszenItem] = ItemChoosing (Registeredlser)
2 -|% RegisteredUser handles ItemChoosing.
3 r% ItemChoosing yields Chosenltem.
4
5
[ % []1 = RegisteredUser; % RegisteredUser handles ItemChoosing.
7
8- Chosenltem = 1; % ItemChoosing yields Chosenltem.
9
T = -end
1 function [ItemPrice] = HighPriceGenerating (ChosenItem, UserEntity)
2 E%% HighPriceGenerating occcurs if Chosenltem i= in existent and UserEntity is| Regular user.
3 r% HighPriceGenerating yields High ItemPrice.
4
oy =
[
7 % [1 = ChosenItem; % HighPriceGenerating occurs if ChosenItem is in existent
g
g % [] = UserEntity; % HighPriceGenerating occurs if UserEntity i=s Regular user
10
11 |= ItemPrice = ' '; % HighPriceGenerating yields High ITtemPrice.
12
13 = —end
1 E%function [RemainingDesiredItems, Productlist] = ProductUpdating (ChosenItem, Productlist)
2 -|% ProductUpdating reguires Chosenltemn.
3 % ProductUpdating affects ProductList.
4 % ProductUpdating yvields either True RemainingDesiredltems or False RemainingDesiredItems.
5_
[
T % [] = ProductUpdating; % ShoppingCostUpdating requires ProductUpdating.
a8
o = [ProductList] = ProductList; % ProductUpdating affects ProductList.
10
11
12 — EemainingDesiredItems = "True'; % ProductUpdating yields either True ERemaininglesiredItem=s or False RemainingDesiredIltems.
13 % BemainingDesiredItems = 'False'; % ProductUpdating yields either True RemainingDesiredItems or False RemainingDesiredItems.
14
15 (= —-end
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Evaluation hypothesis

e Our research hypothesis was that using OPM with the AUTOMATLAB
approach would benefit the user in the following ways:

Users of AUTOMATLAB will gain deeper, more accurate understanding of
the system’s computational and quantitative aspects than users who used
OPM without AUTOMATLAB.

AUTOMATLAB users will understand the system’s computational and
guantitative aspects quicker than users who used OPM without
AUTOMATLAB.

AUTOMATLAB users will be more confident in their understanding of the
system’s computational and quantitative aspects than users who used OPM
without AUTOMATLAB.

AUTOMATLAB users will understand the system’s computational and
guantitative aspects better, with less difficulty, than who used OPM without
AUTOMATLAB.
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Evaluation process

The students were asked to answer the
following questions:

What type of customer is more profitable for the iBuy owner:
Regular user or Premium user?

What are the three most profitable products for the iBuy owner?

What is the premium user monthly fee that will maximize the profit
for the iBuy owner?

What is the premium user monthly fee that will make the amount
of items purchased by regular users and premium users equal?
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Evaluation data sets

Serial Number Item Name Item Group Item Cost for Retailer Selling Price for Regular Users  Selling Price for Premium Users

5196113 Apples Fruits 8.03 11.00 8.48

5572352 Applesauce Various Groceries 7.20 14.00 12.65

1274121 Asparagus Vegetables 807 12.90 6.27

6680623 Avocados Fruits 11.81 13.40 12.40

1489543 Bagels Baked Goods 372 9.67 6.07

7501680 Baking powder  Baking Products 1.49 249 2.00

7680314 Baking soda Baking Products 0.19 0.64 0.19

1603686 Bananas Fruits 4.96 2502 17.36

7755163 Basil Spices and Herbs 1.18 218 1.18

2287275 Beef Meats 13.19 44.03 37.64

9379260 Berries Fruits 10.11 13.01 11.70

9769380 Black pepper Spices and Herbs 0.38 1.38 0.38

7359278 Bread crumbs Baking Products 1.08 208 1.08

1852531 Broccoli Vegetables 366 3.00 210

8069030 Butter Dairy and Cheese 2.00 313 2.03

3588132 Cake Baked Goods 12.90 23.00 20.00 Customer ID: 218207544

2043763 Cake icing Baking Products 0.10 0.97 0.10 User Type: Regular user

9536342 Cake mix Baking Products 1.05 205 1.05

7640968 Canned olives Various Groceries 5.89 17.14 13.51 Serial Number ltem Name Amount (items / Kg)

2564885 Canned tuna Various Groceries 3.18 7.96 7.46 1603636 Bananas g

7425307 Carrots Vegetables 1.04 7.00 251 2287975 Beef 5

5542144 Cauliflower Vegetables 518 7.90 6.12 7495307 Carrats 4

8677460 Celery Vegetables 0.24 9.60 0.20 1572087 Cheddar 10

1672087 Cheddar Dai . . . .

LEAQEAD Charee I:ruiriy and Cheese 155243 1608n8'7 15529525‘1 6501??8 Clnnamﬂn ?
3020596 Coffee 3
4688139 Crackers 1
2855148 Donuts 2
99679452 Fish sticks 3
7183122 Fresh bread 4
9432786 Frozen steak 2
8780756 Garlic 6
9216096 Grapefruit 10
1611773 Gum 5
4146529 Hamburgers 4
1140283 Honey 5
7165095 Kiwis 3
2445804 Lettuce 6
3450016 Mayonnaise 7
2465452 Melon 10
1614747 Wilk 7
5918899 Mushrooms 2
I341R10 Mectarine i |
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Evaluation data analysis

e A total of 96 answers from 24 guestionnaires
e Answers graded according to their accuracy.

e Student explanations regarding difficulty,
confidence Iin the outcome accuracy, and the
time required to complete the assignment were
analyzed qualitatively.

Experimental Group Control Group
Jerusalem Tel-Aviv Jerusalem Tel-Aviv
Data set Data set Data set Data set
Amount of
5 5 7 !/

questionnaires:

Dov Dori © 2015 62



g il st o Massachusetts Institute of Technology I I 1|

ENTERPRISE SYSTEMS MODELING LABORATORY

Evaluation data analysis

e Data analyzed for three variables: group
(experimental or control), level (‘Jerusalem’ or
“Tel-Aviv’) and question (Q1, Q2, Q2, or Q4)

e Analysis using multi-way repeated measures
tests with two within-subjects independent
variables (level, guestion) and between-subjects
Independent variable (group).

e The dependent variable, namely grade, time,
confidence in answer accuracy, and difficulty
was changed in each hypothesis test.
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Evaluation data analysis

e Independent t-test and one-way ANOVA with a
Bonferroni correction served as our post-hoc
tests, where it was needed.
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Evaluation hypothesis - Results

e Our research hypothesis was that using OPM with the
AUTOMATLAB approach would benefit the user in the following

ways:

o Users of AUTOMATLAB will gain deeper, more accurate understanding
of the system’s computational and quantitative aspects than users who
used OPM without AUTOMATLAB.

e AUTOMATLAB users will understand the system’s computational and
guantitative aspects quicker than users who used OPM without

‘ AUTOMATLAB.

o AUTOMATLAB users will be more confident in their understanding of the
system’s computational and quantitative aspects than users who used
OPM without AUTOMATLAB.

o AUTOMATLAB users will understand the system’s computational and
guantitative aspects better, with less difficulty, than who used OPM
without AUTOMATLAB.
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Summary and Future
Work
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Summary

e This research tackles the problem of
merging computational aspects and
capabilities into conceptual models of
systems, which are primarily qualitative In
nature.

e Due to the level of abstraction of
conceptual models, their computational
capablilities may be weak or missing.
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