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Utilizing Machine Learning Methods for Usability Evaluation in Learn-
ing Management Systems

Richard A. Torres Molina

(ABSTRACT)

The concept of usability refers to a user’s capability to interact with a system to fulfill
goals in terms of task completion (effectiveness), time measurement (efficiency), and positive
attitude (satisfaction). The strategy for usability evaluation in software systems usually
involves questionnaires, user testing, and heuristics. Although these methods have been
widely used due to several benefits, there are challenges related to time consumption and
embedded bias. In response to these challenges, this work proposes a hybrid approach
based on usability questionnaire answers and machine learning algorithms to predict usability
scores. We describe three different experiments with features extracted from a Learning
Management System. These features were applied in the Machine Learning algorithms Linear
Regression, Decision Trees, Random Forest, and Neural Networks in three experiments.
Random Forest produces the best performance of average mean square error and root mean
square error among machine learning algorithms. The results are promising, though there
are alternatives for improvements for better performance of the System Usability Scale and
UseLearn scores prediction. This approach has potential as a reliable predictive tool for

usability scores, which would help create software systems that better satisfy users’ needs.



Utilizing Machine Learning Methods for Usability Evaluation in Learn-
ing Management Systems

Richard A. Torres Molina

(GENERAL AUDIENCE ABSTRACT)

Instructors and students have used online platforms known as Learning Management Systems
(LMSs) to improve learning and satisfaction. Students need to achieve their learning goals
by interacting with these systems. To achieve these goals, usability evaluation involves
ensuring that LMSs attain effectiveness (task completion), efficiency (time measurement),
and satisfaction (positive attitude). Usability evaluation usually follows questionnaires, user
testing of the LMS, and expert reviews. Although these methods are widely used due
to several benefits, they face challenges related to trying these software systems multiple
times until the system satisfies student needs and human subjectivity perception. To face
these challenges, promote student engagement with the system, and create a better design
in the LMS courses, we propose a hybrid approach based on data, questionnaire answers,
and machine learning algorithms to predict usability scores. We evaluated this approach
through a case study with data collected from undergraduate students at Virginia Tech.
The results showed different advantages and drawbacks of machine learning performance.
The approach contributes to the engineering and computing education field by providing a
reliable predictive tool for usability scores to improve the student learning experience and

the features of the LMS.
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This thesis presents a hybrid usability evaluation approach based on user logging data, quan-
titative usability questionnaire answers, and Machine Learning (ML) techniques to predict
usability scores for a Learning Management System (LMS). The approach provides a novel
strategy as a predictive tool for usability scores, which would help the research community

create LMSs that satisfy users’ needs.

000 JDO0i00oion

Usability evaluation (UE) is crucial for the quality of software systems to promote user goal
achievement based on effectiveness, efficiency, and satisfaction. The subjective methods are
the current methodology for UE: questionnaires, user testing, heuristics, and focus groups.
This evaluation helps find usability issues. However, they present gaps for improvement.
These gaps are the time needed to test a software system multiple times until the system
satisfies user needs and human subjectivity perception. Also, they lack the capability for
real-time configurations to customize different software systems. An objective quantitative
analysis is required to provide better software systems that satisfy user needs in the long term.
This analysis is a narrow research area with user logging data and ML. However, there is no
standard automatic objective identification tool for UE with ML where the score predictions

will help the software developers and User Experience (UX) designers to improve Learning

1
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Management System (LMS) software over time after corrections. A potential alternative is

automatic detection tools.

There are automatic detection tools for UE but with a scarce overview of user log activity
data and data-driven machine learning (ML) techniques. There are still open questions
about ML embedded in UE. For example, which interactions (features) between a user and a
software system are required to predict positive overall usability and which issues in software
systems usability can be predicted with ML. The features selected for the ML algorithms in
the previous state of the art are task duration, clicks, keystrokes, URL (Uniform Resource
Locator), event type, and among others to classify usability issues or predict a general score.
These features are extracted after the users finish certain tasks depending on the software
system. UE is crucial to creating software systems that fulfill user goals. In the educational
field, LMS is a software system used by students daily. UE should be considered to create
better learning experiences. Therefore, this thesis shows a hybrid approach based on user
logging data, usability questionnaire answers, and ML techniques to predict usability scores
for the Moodle LMS. This approach provides a potential strategy for UE, which would help
researchers, software developers, and UX designers create LMS software systems that satisfy

their users’ needs.

Ooi0  Oo0bdbol Ouoiiiogo

In this thesis, I present an alternative UE methodology for usability score prediction based on
user interaction with a LMS software system, usability questionnaires, and ML algorithms.

The two research questions are:

1. Are supervised machine learning algorithms able to predict usability scores in LMSs?
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2. What features should be employed to predict usability scores in LMSs?

Qo0 ooboiod

The thesis is structured as follows: Chapter 2 presents the literature review about the inter-
section between usability evaluation and ML in software systems to show the current state
of the art and potential research directions. Chapter 3 explains the methods for automatic
usability evaluation of a LMS based on user logging data, questionnaires, and ML. Chapter
4 details the case study results with the ML algorithms. Chapter 5 discusses the results.

Chapter 6 presents conclusions and future work.
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Usability is an essential part of human-computer interaction research and a relevant com-
ponent for quality User Experience (UX) [5]. The International Organization for Standard-
ization (ISO) established the usability definition in ISO 9241-11 [6]. The concept refers to
user goals achievement with a product considering different factors: task completion (effec-
tiveness), time measurement (efficiency), and positive attitude (satisfaction). Jakob Nielsen
[7] extended these factors to easy to learn (learnability), easy to remember (memorability),
and low error rate (errors). Considering this perspective, usability evaluation (UE) methods

have emerged to evaluate the usability of software systems to guarantee quality [8].

000 00000000 0000000000 doooooo !

Usability evaluation (UE) uses different methods and the complexity increases when selecting
the best strategy for a specific software system. According to Andreas et al. [10], usability
evaluation methods are classified into inspection (experts) and test methods (users). Figure
2.1 depicts a broader classification, where usability evaluation methods are divided into user

testing, inspection, inquiry, analysis modeling, and simulation [1]. User testing methods are

1000000 000000000 0000 000 00000 0000
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think-aloud, question-asking protocol, performance measurement, log analysis, and remote
testing. Inspection methods are heuristic evaluation, cognitive walkthrough, perspective-
based inspection, and guideline review. Inquiry methods are questionnaires, interviews, and
focus groups. Analytic modeling involves cognitive tasks analysis, task environment analysis,
and rules analysis. Simulation methods utilize agents or algorithms to replicate user behavior.
All the methods converge and apply in multiple ways according to the context of the usability

evaluation in software systems.

Usability Evaluation

Methods
—— User Testing — Inspection — Inquiry Analysis Simulation
Modeling
Think-aloud Heuristic —-| Questionnaires Cognitive Tasks Agents
Protocol Evaluation Analysis
Question-asking Cognitive — Interviews Task
Protocol Walkthrough — Environment
Analysis
|| Performance |___.| Perspective-based — | Focus Groups
Measurement Inspection GOMS Rules
Analysis
- Guideline
=1 Log Analysis —
g ¥s Review
L Remote Testing

Figure 2.1: Usability Evaluation Methods Classification [1].

The UE methods can be classified as subjective and objective. The subjective methods are
the current methodology for UE: questionnaires [11], user testing [12], heuristics [13], focus

groups [14], and among others. Questionnaires include questions that measure usability. User
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testing takes a list of pre-defined tasks on the screen, touch, or voice interaction between
the user and the system. Heuristics are a set of guidelines where experts evaluate software’s
usability. Meanwhile, the focus group is an open discussion to evaluate potential usability
issues in the platform with a small sample size. Although these UE methods have been
broadly utilized, there are challenges related to embedded bias, time investment, and lack
software systems adaptability after live updates. A potential alternative is an objective

evaluation limited to logging user data, analytical tools, and Machine Learning (ML).

OooiD  O0LiiiooUoiodo

Questionnaires include a set of questions measuring the usability of a software system. The
questionnaires [11] are usually performed as pre-tests and post-tests to obtain information
about the user and the interaction with the software system. It is recommended to apply
standard questionnaires for reliability purposes. These questions’ answers can be quantitative
or qualitative. It is quantitative when the answers are on Likert scales. It is qualitative when

the questions have open answers.

The standard questionnaires are SUS (System Usability Scale) [15, 16, 17, 18], After-Scenario
Questionnaire (ASQ), Post-Study System Usability Questionnaire (PSSUQ) [19], User Ex-
perience Questionnaire (UEQ) [17], USE (Usefulness, Satisfaction, and Ease of use) [20, 21],
Computer System Usability Questionnaire (CSUQ) [22], Usability Metric for User Experience
Lite (UMUX-Lite) [23], UseLearn checklist [24], among others. Non-standard questionnaires
have been created to address researcher’s needs for different studies such as the e-learning
platform Blackboard [25] on user student experience, UniStudium [26] (e-learning interface
for learning analytics), Context-Aware Mobile Learning System (CAMLS) [27], academic

websites [28], and an e-learning platform [29] for a programming course. Modern question-
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naires are Model Usability Evaluation (MUSE) [30] and Voice Usability Scale (VUS) [31].
Usability evaluation in software systems research - including ML systems - is mostly with
the questionnaire SUS [32, 33, 34, 35, 36, 37, 38]. SUS has been applied in the software

industry with more interest by the research community in healthcare and education.

SUS in healthcare has been applied in different software products such as 1) relapse risk pre-
diction in melanoma patients [32], 2) hand recognition system [33] for a surgical procedure,
3) Automated Clinical Trial Eligibility Screener (ACTES) [34], and 4) Autoscreen [35] for
autism spectrum disorder (ASD) detection. The former is composed of the Observational
Medical Outcomes Partnership (OMP) common data model independent of the electronic
health record (EHR). The software user interface is composed of three main components:
1) input patient identification to load the data, 2) the patient data display, and 3) HTML
(HyperText Markup Language) iframe with the user prediction. The second software system
was implemented because computed tomography (CT) scans and magnetic resonance imag-
ing (MRI) are crucial in the preoperative planning surgical plan. ACTES extracts patient
demographics and clinical assessments from structured electronic health records (EHR) data
and checks patients’ conditions with unstructured narratives. The latter Autoscreen has a

landing page, tutorial, screening activities, scoring form, and risk assessment.

In the education industry, SUS also has been applied in the following studies. Gates et al. [36]
show the assessment of three software systems Abstractkr, DistillerSR, and RobotAnalyst in
systematic reviews (SR). Each software system can predict the record’s relevance. Another
work was RobotReview [37], an open-source system that automatically extracts data from
clinical trials for risk of bias in SRs. The RobotReviewer web interface has a PDF viewer
and a summary of the automatic Cochrane Risk of Bias (RoB) tool. SUS was applicable
in the adaptive learning system AdaptLearn [38]. This system is adaptive based on learner

knowledge and learning style. SUS has been adopted in different e-learning systems [15, 16,
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17] as well as higher education levels [18]. Other questionnaires such as UseLearn checklist
[24], USE [21], ASQ [19], PSSUQ [19], CSUQ [22], and UMUX-Lite [23] have been tested
on adaptive [38], and non-adaptive platforms (Coursera, OpenLearning, Moodle, and Open

Education).

Newly proposed questionnaires in usability evaluation are Model Usability Evaluation (MUSE)
and Voice Usability Scale (VUS). MUSE [30] is a combination of “New ISO Standards for
Usability, Usability Reports and Usability Measures” and “Usability Meanings and Interpre-
tations in ISO Standards”. In this area, it was applied in the explainable artificial intelligence
(xAl) framework LIME (Local Interpretable Model Agnostic Explanations). On the other
hand, VUS [31] is an empirical approach with 10 questions on 7-point Likert scale for voice
assistants - tested by Amazon Alexa. This was created because SUS is more suitable for

graphical user interfaces (GUI) than voice assistants.

0oooiD  O0oo Qoodiod

User testing [12] is applied to users with a list of pre-defined tasks according to the software
system. This testing [11] must consider real users without any relation with the expert or
moderator to avoid bias. The task should be realistic, unambiguous, and time-specific to
evaluate the system features. The testing is conducted anywhere, whether in a controlled
environment or remotely with instructions [37]. A moderator presence is up to the researchers
and the experiment design. There is an explanation about the test session to the users. Some
experiments apply the thinking-aloud method where users express their thoughts while using

the software system. The final results describe the issues and problems in the session(s).

User testing has been used in e-learning systems from various universities around the world

20, 28, 29]. User testing [15, 18, 38] takes place with different users following tasks according
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7Q° KQMBiQ BM; BMi  +98tBi 32 TMBmMbBiv Q7 >QM; EQM; GB# B
(2#bBOR{ M/ M 2@H2 "MBM; DQK2KLEB;2 B M + b2 bim/vX AM i?Bb
?22m BbIBBM/ mb #BHBiv Bbbm2b BM i?2 2@H2 "MBM; bvbi2K bm
70Qi2° Q7 i?2 b+ 22MX >2m 9RbmBb+HBHBQ /RbDAi2Ab BM “2: /b iQ RV
M/ bi M/ “/b- kV 7H2tB#BHBiv M/ 277B+B2M+v- M/jV #2ii2° TT'Q
“2bmHEYp (2 + T #H2 Q7 #2ii2° BKT Qp2K2Mi BM bim/2Mi H2 "MBM; Q"



IYKY Kz« NOEJ HYz 606l RR
kXkX9 GQ; M HvbBb

h?2 Q#D2+iBp2 2p Hm iBQM Bb HBKBi2/iQ mb2 HQ;;BM; /i M/ M
> " iB 2i RE+QHH2+i2/ mb2 i bF KQp2K2Mi BM JQQ/H2 #v 2biBK
b +HB+Fb-i bF/m iBQM- +m bQ /Bbi M+2- M/ +QKTH3BQM " i2;
T°QTQb2/ M M HViB+b iQQH 7Q° mb #BHBiv 2p Hm iBQM BMi2" 7 +
b2bbBQM iBK2 M/ H2 "M #BHBiv b+Q 2X h?3NiQQHHI Q& iB#D2#aB
2p Hm iBQM #mi rBi? HBKBi2/ Qp2 pB2r Q7 /i @/ ' Bp2M J +?BM2 C
JG Bb TQi2MiB Hbi" i2;viQi +tFH2 mb #BHBiv2p Hm iBQM "2b2 "+
[2bB;M2°b 7Q" 7 bi2° mb #BHBiv Bbbm2 /2i2+iBQMX

kXkX8 11 K2i?Q/b +QK#BM iBQM

//IBiBQM HIBy8R8E + M#2 +QK#BM iBQM Q7 [m2biBQMM B 2b- mb2’
7Q+mb :°QmTb- M/ HQ; M HvbBb rBi? QT2M ;: Tb iQ 2tTHQ 2X h?:
7° K2rQ8BM 2@H2 "MBM; bvbi2Kb ;Bp2M 11 K2i?Q/bX a+?QH b bm;
70+mb QM bT2+B7B+ 2M: :2/ mb2 - 7Q° ivT2 Q7 i bF rBi? bT2
>Qr2p2 - i2+?MQHQ:B+ HILK v MQi #2 #H2iQ ++QmMi7Q° KmHit
2MpB QMK2MiX h?2 mb #BHBivQ72@H2 "MBM;i2+?MQHQ:B2b Bb K
+QMi2tibX

kXj] J +?BM2 G2 "MBM;
“iB7B+B H AMi2HPN B MmRMBpRAVD(H 7B2H/ i? i BM+Q TQ  i2b +? ° +i

MBiBp2 b+B2M+2- +QKTmi2 b+B2M+2- K i?2K iB+b- M/ +QMi QH i
/Im " BM; bmKK2 rQ Fb?QT i. "iKQmi? *QHH2;2 Q ; MBx2/ #v CQ?M



Rk +NzZy 1 IYHO 72z ¢ 7&07"

"2THB+ i2?mK MBMi2HHB;2M+2i? Qm;? BMi2HHB;2Mi ;2MibX bm
UJGVX hQK JBE#72ABM2b Bi b +QKTmi2 T Q; Ki? i H2 "Mb #v +
bT2+B7B+ i bF rBi? K2 bm 2 iQ BKT ' Qp2 Bib T2'7Q 'K M+2 Qp2' iB
RV bmT2 pBb2/ H2 "MBM;- kV mMbmT2 pBb2/ H2 "MBAX% awi@V 2B
T2 pBb2/ H2 "MBM; Bb # b2/ QM [ i b2irBi? H #2H2// i IBpB/2/ BN
22°2T2°7Q K M+2 Bb K2 bm 2/X IMbmT2 pBb2/ H2 "MBM; /Q2b MQ
#mi +Hmbi2 Bb H #2H2/ #v M 2tT2 iX _2BM7Q +2K2Mi H2 "MBM; ~
"QMK2Mi r?Q H2 "Mb i?°Qm:;? i'B H M/ 2 QX AMi?Bb T ' Q+2bb- :
TQHB+VvE3IG N /B772 2Mi TTHB+ iBQMb BM i?2b2 ivT2b Q7 H2 "ME
Bb 2KTHQv2/ BM bT K 7BHi2 BM;-? M/r BiBM; 2+Q;MBIiBQM-7 +2°
bQ7ir "2 2M;BM22 BM;- M/ 7BM M+2X IMbmT2 pBb2/ H2 "MBM; Bb
M2irQ'F M HvbBb- K 'F2i b2;K2Mi iBQM- M/ +QKTmi iBQM H #BQH
Bb ? M/H2/ BM i° 77B+ bB;M H +QMi QH- ; KBMB8dXM/ WHQIPR KT@® 2i
THB+ iBQMb K2MiBQM2/ + M 2KTHQV KBtim 2 Q7 bmT2 pBb2/- mM
H2 MBM;X AM i?Bb +QMi2ti- HH i?2b2 TTHB+ iBQMb /2K M/ bQ7
/2K M/X h?mb-JG Bb TTHB2/ BM i?2 bQ7ir892 (Bp2 HTRTKQ blii FQ ¥ rh2d
H i2+?MB[m2b HBF2 L2m"  H L2irQ Fb ULLbV-" M/QK 7Q 2bib-/2+
J +?BM2b UaoJbV- M/ MPHP2 " v2b (

kXjXR JG h2+?MB[m2b BM Ib #BHBiv1ip Hm iBQM 7Q" aC

Ib #BHBiv 2p Hm iBQM # b2/ QM Q#D2+iBp22p Hm iBQM +QMbB/2 b
bvbi2KbX h?2 K2i'B+b "2 7°QK mb2  BMi2  +iBQM rBi? i?2 bvbi2K L
iBK2- 2i+XVX AM i?Bb +QMi2ti- i?2 mb2  Bb mM r "2 Q7 i?2b2 BMi2
M/fQ  [m MiBi iBp2 bm#D2+iBp2 Mbr2 b7 QK [m2biBQMM B 2b 2
MB[m2b 7Q  mb #BHBiv b+Q 2 T 2/B+iBQMb b M miQK iB+ /2i2+iB



IYKY Kz« NOéT HYTz €0¢él Rj

Bb MQp2 pB2rQ7 bi M/ "/JGrQ F7HQr M/i?2rQ F 2H i2/iQJG 2
2p Hm iBQM 7Q bQ7ir "2 bvbi2Kb, 2@H2 "MBM; bvbi2Kb-bQ+B H M

kKXjXk JG rQ F7HQT

JG bQ7ir "2 bvBIRRQHHQr JG i2+?MB[m2b iQ 7BM/ T ii2 Mb BM i?2 /
1M;BM22 BM; UalV bi M/ "/ T°Q+2/m 2bX JG bvbi2Kb 2 /B772 2Mi
bvbi2Kb b i?2 #2? pBQ  Bb MQi 2tTHB+BiX h?2°2 "2 biBHH +QM+2"
JG rQ F7HQr rBi? i?2 BMi2;" iBQM Q7 ;BH2 K2i?Q/bX 6Q 2t KTH2-
rQ F7HBQIr b "2[mB 2K2Mib-/ i +QHH2+iBQM-/ i +H2 MBM:-/ i H #2
BM:- KQ/2H i° BMBM;- KQ/2H 2p Hm iBQM- KQ/2H /2THQ8K2Mi- M/
i72 Mi?Q b bi i2i? iJG bQ7ir "2 bvbi2Kb +? HH2M;2b 2 [m HBiv ii
b+ H #BHBiv-b 72iv- M/ T'Bp +v@ BMi2 ' Kb Q7 /i +[mBbBiBQM-i"
K2MiX . i +[mBbBiBQM ? b HBKBi2/- BM+QKTH2i2- M/ /BbQ ; MBX
Bb iBK2@+QMbmKBM;- M/ +QKTH2tBiv BM+ 2 b2b #2ir22M 72 im 2
rBi? i /BIBQM HUQ77HBM2V JG K2i'B+b + M #2 BM+QMbBbi2Mi rBi
/2> T°Q/m+iBQMX .2THQVK2Mi Q7 M2r/ i + MT Q/m+2 #B b M/ H i2
83-i?2 TQi2MiB H bQHMIBQMb 2 QMHBM2 f"JG KQ/2H 2tT2 BK2
bvMi?2iB+ /i X h?2b2 bQHMIBQMb "2 7Q  BKT QpBM; JG bQ7ir "2 I
2p2°-i?2°2 "2 biBHH QT2M [m2biBQMb #Qmi JG 2K#2//2/ BM mb #E
bvbi2KbX h?2b2 BM+HmM/2, r?B+? BMi2> +iBQMb #2ir22M mb2" M/ b
iQ T°2/B+i TQbBiBp2 Qp2° HH mb #BHBiv- mb #BHBiv bK2HHb- M/ m



RO +NzZy 1 IYHO 72z ¢ 7&07"
kXjXj) JG 2K#2//2/ BM mb #BHBiv 2p Hm iBQM

JG 2K#2//2/ BM mb #BHBiv2p Hm iBQM 2K2 ;2/ 7°QKi?2H +F Q7 M
Bi2Kbd "2H2p M+2X h?2 +QMp2MiBQM H TT ' Q +2iQ 2p Hm iBM; mb
K2i?Q/b-r?B+?-r?BH2 +QKKQMHvV 2KTHQvV2/- + v BM?2 2Mi HBKB
Bb i?2 BM?2 2Mi bm#D2+iBpBiv T 2b2Mi2/ BM bb2bbK2Mib +QM/m+
+QmH/ T Q/m+2 #B bX //BiBQM HHv-i?2vH +Fi?2+ T #BHBiv7Q "
/B772 2Mi bQ7ir 2 bvbi2KbX h?Bb + M T QpB/2 722/# +F 2bb2MiB
+QMi2ti-i?2 HBKBi2/rQ ' Fb 7QmM/ 2RV M2rK +?BM2 HR9-MBM: @ #
KV b2KB@ miQK i2/ 7" K2rQ FU1KQiBIhBMEBHBiv@mb2  2tT2 B2N
Bbbm2b T 2¢BXiBQM (

JG mb #BHBiv 2p Hm iBQM BM 2/m+ iBQM

PXi2FBM X9 H2pRHQT2/i?2 7B biJG K2i?Q/ KQM; mb #BHBiv 2p Hm
mb2  i2biBM; BM i?Bb bim/vBM+HmM/2/ Ry8 bim/2Mib r?Q +QKTH2i2/ |
QMi?22G2 "MBM; bvbi2K UQMHBM2 #BQHQ;v+Qm b2VX h?2 bm#D?2
BMTmiiQ T 2/B+ii?22G2 "MBM; bvbi2Kéb Qp2° HH mb #BHBiv UQmi
+'Bi2'B r2°2i?2 K2 M b[m "22°Q  UJalV QM i?2 i2biBM; b2i M/ i?
i?2 0 “:2i M/ T 2/B+i2/ p Hm2X h?2 "2b2 “+22 b 7QHHQr i?2 Th2m/
9jW Q7 i?2 + mb2b rBHH T Q/m+2 dyW Q7 i?2 mb #BHBiv T'Q#H2Kb X
7QmM/ i? i i?2 Qp2° HH mb #BHBiv BKT Qp2b rBi? i?Bb K2i?Q/QHQ;
i?72 #2bi T 2/B+iBQM KQ/2H r b i?2 KmHiBH v2K9K2 6«2 H @8 NU;J 2B
K2i?Q/QHQ;v- i?2 KQbi + BiB+ H M/ T ' Q#H2K iB+ Bi2Kb r2°2 "2H i2
M/ BMbm77B+B2Mi BM7Q K iBQMX



IYKY Kz« NOéTH Tz é6Oél RS

JG mb #BHBiv 2p Hm iBQM BM bQ+B H M2irQ Fb

aQmx a MiQbIRITHXIQb2/ i?2 b2KB@ miQK i2/ 7° K2rQ'F FMQrM b
bb2bb mb #BHBiv 2p Hm iBQMX h?2 /i Bb BMi2 +iBQM HQ;b M/
b2MbQ bX h?2 Q#D2+iBp2 [m MiBi iBp2 /i r2°2 TTHB2/iQ JG KQ/2
i2+iBQMX h?2 "2b2 "+?2 b 2bi #HBb?2/ 2H2p2M bK2HHb +H bbB7B2
UGhV- *v+HB+ h bF U*hFV- JBbbBM; h bF 622/# +F- 2i+XV M/ +iBQ
iBp2 1H2K2Mi Ulliv- JBbbBM; +iBQM 622/# +F UJ 6V- 2i+XVX h?2
7BHi2 Q7 i?2 2p2Mi ivT2b +QHH2+i2/ UIMB7Q K _2bQm +2 GQ+ iQ"
+HB+F- F2vT '2bb- M/ b+ QHHV iQ #2 T i Q7 M 2TBbQ/2X HbQ- ml
70mM/ #v 2tT2ib i?°Qm;? pB/2Q "2+Q /BM;b Q7 i?2 T iB+BT MibX
KQ/2Hb r2'2 2p2MiivT2-/m’ iBQM-iQi H/m  iBQM-1_G-* b+ /BM; a
. Q+mK2Mi P#D2+i JQ/2H U.PJV Q#D2+i- M/ 2p2Mi@ivT2 bT2+B7B+X
iQ T'2/B+ii bFb@H2p2H bK2HHb 7Q° 2MiB 2 2TBbQ/2b M/ +iBQMC
2tT2 BKRNMIiK2/i? 22 bQ+B HM2irQ Fr2#bBi2b rBi? mb #BHBiv Bbbm
#vi?2 2b2 "+?2°bV-aQ+B H@L2irQ ' F- M/ GQp2@aQ+B HX 6Qm i2-
bBi2b M/ 7QHHQr2//B772 2Mii bFb UbB:MmT 7Q i?2bQ+B HM2irQ
2i+XVX h?2 MMQi iBQMb /B772° KQM; mb #BHBiv 2tT2 ib-bQ K B
/i b2ir b 2KQ/2H2/ BMiQ i? 22 ivT2b Q7 +H bbB7B+ iBQM T Q#H2
KmHIiBH #2HX h?2 2b2 "+?2 b +QM+2Mi i2/ QM #BM 'v M/ KmHIiE
;Bp2M i?2 bK HH KQmMi Q7 /i M/ +H bb BK# H M+2X AM i?2 #BM
i?72° M/QK 7Q 2bi KQ/2H Q#i BM2/i?2 #2bi "2bmHib 7Q i bF M/ +iB
“4+v M/ B6R Db+Q°2X h?2JG KQ/2Hb + MMQi T 2/B+i TQbbB#H2 mb #B
+H bbB7B+ iBQM T Q#H2KX



Re +NzZy 1 IYHO 72z ¢ 7&07"
JG mb #BHBiv 2p Hm iBQM BM mb2" "2pB2rb

"FBm M/ mx&kyM2(2 #H2iQ /2i2+i mb #BHBivIIs Bbbm2b BM bQ7ir °
mb2' "2pB2rbX h?2v TTHB2/ +QHHQ+ iBOM H;Q'Bi?K 7Q 72 im 2
M HvbBb-JG KQ/2Hb iQ miQK iB+ HHv +H bbB7v IIs Bbbm2bfbi'2M
HBx iBQMX h?2 JG KQ/2H +?Qb2Mr b aodJrBi? TQTmH " KmHIBH #
#BM v "2H2p M+2 K2i?Q/ U"_VX h?2 +H bbB7B2 r bi  BM2/ rBi?
Ulls /I BK2MbBQMbV Q7 bQ7ir "2 "2pB2rbX h?2 /i BMTmiiQ i?2 +H

#v i?22 TQHHQrBM; T 2T Q+2bbBM; bi2Th, RV B/2MiB7v M/ 2KQp2 L
hQQHFBI HBR- KVV2A/m+2 rQ /b iQ ;" KK iB+ H QQib UbMQr# HH bi2
€eh-jVvi> Mb7Q 'K i?2 i2ti BMiQ # ; Q7 rQ /b- M/ 9V #2bi 72 im 2 b2
K2i'B+VX h?Bb TT Q +?2 + M ?22HT /2p2HQT2 b M/ Ills /I2bB;M2 b /:
bQ7ir "2 TTHB+ iBQM Kmbi #2 +Q "2+i2/ Q BKT Qp2/X



*2 Ti2" ]

J21?7Q/QHQ ;v

AT QTQb2/ K2i?Q/QHQ:viQ T 2/B+imb #BHBiv# b2/ QM JG i2+?M]
FMQrM b JQ&YX26Q" i?2 JQQ/H2 +Qm b2-i?2 /i +QHH2+i2/ Bb 7 ¢
bim/2MibX h?2 /i +QHH2+i2/ 7°QK i?2 bim/2Mib 2 i?2 mb2" BMi2
+Qm b2 M/ mb #BHBiv [m2biBQMM B 2b BMi2;  i2/ BMiQ JQQ/H2X h
Bb7 QKi? 22i bFbUZmBx-6Q mK- M/ bbB;MK2MiVX 1 +?2 QM2 rBi?
Bbb p2/ M/ T Q+2bb2/X . i T Q+2bbBM; + H+mH i2b 72 im 2b 7 QI
BMTmi BM JG KQ/2Hb iQ #2 i° BM2/ mbBM; i?'22@7QH/ + ' Qbb@p
mb #BHBiv b+Q 2b /2°'Bp2/ 7°'QK ala M/ 1b2G2 "MX ala M/ Ib2G2 |
7 QK [m MiBi iBp2 bm#D2+iBp2 Mbr2 bX h?Bb K2i?Q/QHQ;v T QpE
iQQH iQ T 2/B+i mb #BHBIivX

jXR J2i?Q/b

jXRXR JQQ/H2 +Qm’ b2

JOQ/HABb GJa7Q +Qm b2 K M ;2K2Mi- bb2bbK2Mi- M/ H2 “MBM
bim/2MibX Air b /2p2HQT2/ BM S>S #v J 'iBM .Qm;B K b QM kyyk-
IB772 2Mi +QKTQM2Mib BM+HmM/BM; ZmBx- 6Q mK- bbB;MK2Mi- Zm
i?Bb "2b2 "+?2r b?Qbi2/BM K xQM q2# a2]¥BX2B+Hibgi& 2 Xn®R; nB'Ni2" 7

Rd



R3 +NzZy 1 kY KY NAz2aanl-

Q7 i?Bb +Qm b2 BM 6hQTB+b 6Q K i6 rBi? H #2Hb 2T 2b2MiBM; i?
h?2 7B bii bF Bb iQ bm#KBi ZmBxX h?2 b2+QM/ i bF Bb iQ bm#KB
6Q mMKX h?2 i?B /i bF BbiQ // S.6 7BH2 7Q  i?2 bbB;MK2MiX i

i bFb- irQ [m2biBQMM B 2br2°2 TTHB2/iQ K2 bm 2 i?2 mb #BHBiv

avbi2K Ib #BHBiv a+ H2 UalaV- M/ bQK2 [m2biBQMb 7 QK 1b2G2 "M
irQ [m2biBQMM B 2b "2 b2[m2MiB HX h?2 bim/2Mi M22/b iQ 7BMBb
M2ti QM2 X

6B:m 2 jXR, JOQ/H2 QMHBM2 +Qm b2X

ZmBx

h?2 [mBx Bb +QKTQb2/ Q7 Ry b?m77H2/ [m2biBQMb #Qmi bQ7ir °
KmHiIBTH2 +?QB+2 rBi? i? 22 TQbbB#H2 Mbr2'b b /BQ #miiQMbX
Q7 irQ [m2biBQMb T2 T ;2rBi? iQi HQ78 T ;2bX h?2 M pB; iBQM k
QM2 ii2KTi HHQr2/X h?2 iBK2 +QMbi’ BMi Bb Ry KBMmi2bX h?2 bi
/2TB+i2/ BMXR¢M22 [MBx bi2Th "2 b?QKMNB/NVG BBHHR 2



kYSY KY Nfz RN

U#V

Uu+Vv

6B;m 2 jXk, ai2Th R@j iQ 7BMBb? ZmBxX U V ai2T RX *?QQbBM; |
#7°QKi?2 +Qm b2- U#V ai2T kX *HB+F QM 6 ii2KTi [MBx MQro- U-
ii2KTioX



Ky +NzZy 1 kY KY NAz2aanl-

U#V

Uu+Vv

6B;m 2 jXj, ai2Th 9@e iQ 7BMBb? ZmBxX U V ai2T 9X a2H2+i &6 /E
ai2T 8X *HB+F 0L2ti T ;20 mMiBH i?2 Ry [m2biBQMb "2 Mbr2 2/- U+
HH M/ 7BMBb?06X



kYSY KY Nfz kR

h #H2 jXR, ai2Tb iQ 7BMBb? i?2 [mBxX

ai2T AM7Q K iBQM

R *?QQbBM: i?2 6ZmBx0 i # 7 QK i?2 H27i # ~ 7 QK i?2 +1
k *HB+F QM 06 1i2KTi [mBx MQroX

i *HB+F QM 6ai i 1i2KTioX

9 a2H2+i 0 /BQ #miiQMd b M Mbr2 X

8 *HB+F 0L2ti T ;20 mMMiBH i?2 Ry [mM2biBQMb 2 Mbr2

e *HB+F QM 6am#KBi HH M/ 7BMBb?06X

.Bb+mbbBQM 6Q mK

h?2 /IBb+mbbBQM 7Q mK Bb QT2M iQ i?2 bim/2Mib # b2/ QM [m2biB
TQbi Mbr2  b?QmH/ #2 "2H2p MiiQ i?2 7TQHHQIBM; bi i2K2Mi, 6q E
#2M27Bib Q7 bQ7ir "2 2M;BM22 BM; BM Qm" / BHv HBp2boX h?2 b
[M2biBQM XX ¥H22Mib i?2 bi2Tb iQ 7BMB bjX geBlbni BIBX BBi 72 2Bb+mb
7Q0 mK bi2TbhX

h #H2 jXk, ai2Tbh iQ 7BMBb? TQbiBM; BMiQ i?2 /IBb+mbbBC(

ai2T AM7Q K iBQM
R *?QQbBM:; i?2 6.Bb+mbbBQM 6Q mK6 7 QK i?2 H27i# > 7°
k *HB+F QM 606Q mKoX
j *HB+F QM 6_2THVO6 M/ r Bi2i?2 K2bb ;2X
9 *HB+F QM 6SQbiiQ 7Q mKoX
bbB:MK2Mi

h?2 bbB;MK2Mi 2p Hm i2b bQ7ir "2 2M:BM22 'BM; +QM+2TiX h?2 bi
/Q+mK2MirBi? T ;> T? Mbr2'BM;i?2 7QHHQrBM; [m2biBQM, 6q-
BM;\6X h?2 bim/2Mi + M bm#KBi K tBKmK Q7 QM2 7BH2 M/ i?2 722,
h?2 T i? iQ 7TBMBb? mTHQ /BM; 7BH2 b M bbB:MK2MKXENMJIQQ/H2



k k +NzZy 1 kY KY NAz2aanl-

U#V

Uu+Vv

6B;m 2 jX9, ai2Tb R@9iQ TQbi BMiQ 7Q mMKX U V ai2Tbh R@kX *?Q
7°QK i?2 H27i # ~ 7°QK i?2 +Qm b2 M/ +HB+F QM 66Q mKs6- U#V ai2
'Bi2 i?2 K2bb ;2- U+V ai2T 9X *HB+F QM 6SQbiiQ 7Q mKoX



kYSY KT Nnz2 Kj

bbB;MK2Mi bi2Th "2 b?QXBNB N BBIR 2

h #H42 jXj, ai2Tb iQ 7BMBb? bbB;MK2MiX

ai2T AM7Q K iBQM
R *?QQbBM:; i?2 6 bbB;MK2Mid 7 QK i?2 H27i # > 7 QK i?2
k *HB+F QM 6 // bm#KBbbBQMdX

*HB+F QM i?2 "QriQ mTHQ /i?2 7BH2X
*HB+F QM 6*?2QQb2 7BH26X
*HB+F QM 6ITHQ /i?Bb 7BH26X
*HB+F QM 6a p2 +? M;2boX
*HB+F QM 6am#KBi bbB;K2MiodX
*HB+F QM 6*QMiBMm26X

W o|lm|oo O~

jXRXk am#D2+iBp2 TT Q +?

h?2 JQQ/H2 +Qm b2 +QMi BM2/ [m2biBQMb "2H i2/ iQ i?2 [m2biBQ
b bm#D2+iBp2 TT ' Q +?X h?2 JQQ/H2 +QKTQM2Mir b 6Zm2biBQ
+ M "2bTQM/ iQ i?Bb [M2biBQMM B 2 QM+2X h?@¥ 7BpH Qri@ B 2p 2O
mb #BHBiv /BK2MbBQMb U277B+B2M+v-2772+iBp2M2bb- M/ b iBb7
1b2G2 M +?2a¢F A@bi?B;?@H2p2H mb #BHBiv /BK2MbBQMb U2 "Q T
TmM+iBQM HBiv- M/ +Qm b2 K M ;2K2MiVX +? M;2 BM ?B;? mb #
1?72 HQr@H2p2H /BK2MbBQMb BM i?2 GJaX 6Q 2t KTH2- #miiQM i?
772+ii?22mb2 T2 +2TiBQMBM i2 Kb Q7 277B+B2M+v-2772+iBp2Mz
Qp2° HHb+Q'2 #Qmii?2 bvbi2Kdb mb #BHBiv rBi?Qmii?2 "2 bQMb
/2i BH2/ BMbB;?i Bb M22/2/ BM i?2 ?B;?@H2p2H /BK2MbBQMb iQ -
GJaX



k9 +NzZy 1 kY KY NAz2aanl-

U#V

Uu+Vv

6B;m 2 jX8, ai2Tb R@8 iQ 7BMBb? i?2 bbB;MK2MiX U V ai2Th R@Kk
7°QK i?2 H27i # * 7°QK i?2 +Qm b2 M/ +HB+F QM 6 // bm#KBbbBQM
"QriQ mTHQ /i?2 7BH2- U+V ai2Tbh 9@8X *HB+F QM 6*?2QQb2 7BH:



kYSY KY Nfz k8

U#V

u+V

6B;m 2 jXe, ai2Tbe@3 iQ 7BMBb? i?2 bbB;MK2MiX U V ai2T eX *}
ai2T dX *HB+F QM o0am#KBi bbB;K2Mi6- U+V ai2T 3X *HB+F QM 6*Q



ke +NzZy 1 kY KY NAz2aanl-
avbi2K Ib #BHBiv a+ H2 UalaVv

alaBb [m2biBQMM B 2rBi?iQi Hb+Q 2" M;BM; 7°QKYyiQRyyX AiB
rBi? TQbBiBp2 M/ M2; iBp2 [m2biBQMb QM 8@TQBMi GBF2'i b+ H
rBHH ° M;2 77 QK RUbi " QM;Hv /Bb ;°22V iQ 8 Ubi QM;Hv ; 22VX ale
i72 [m2biBQMb "22p2M Q  Q//X h?2b+Q 2 +QMi'B#miBQM 7Q" Q// |
KBMmb RX 6Bp2 KBMmb i?2b+Q 2 +QMi ' B#miBQMBb 7Q 2p2M [m2bi
Bb KmHIBTHB2/ #v kX8 iQ Q#i BM i?2 Qp2° HHp Hm2 Q7 alaX h?2 7m
XK b+Q'2 #Qp2dy Bb +QMbB/2 2/ ++2Ti #H2X

Ib2G2 "M +?22+FHBbI

h?2 1b2G2 "M +?2+FHBbi 2p Hm i2b bT2+B7B+ mb #BHBiv /BK2MbB
/IBK2MbBQMb Q7 Ib2G2 "M "2 # b2/ QM je [m2biBQMb QM 8@ TQBI
2 +? bi i2K2MirBHH > M;2 7°QK R Ubi'QM;Hv /Bb 22V iQ 8 Ubi'QM;!
8 K2 Mb i? i i?Bb /BK2MbBQM /Q2b MQi ? p2 Bbbm2bX AM i?Bb bir
b2H2+i2/, RV 2 °Q T 2p2MiBQM- kV +QMbBbi2M+v M/ 7mM+iBQM |
1 +? IBK2MbBQM Bb +QKTQb2/ Q7 i? 22 [m2biBQMbX h?2KR[m2biB(

jXRXj P#D2+iBp2 TT Q +°?

I1# b2/ QM M Q#D2+iBp2 TT ' Q +?2p Hm iBQM +QMbB/2 b [m MiB7I
i2Kb M/JGX h?2K2i"B+b 27 QK mb2  BMi2  +iBQM rBi?i?2 bvbi2K
2i+XVX h?2 mb2 BbmM r 2 Q7i?2b2 BMi2" +iBQMbX h?2b2 BMi2" -
iBp2 Mbr2'b 7°QK [m2biBQMM B 2b "2 "2H2p MiiQ JG H2 "MBM; i2
T 2/B+iBQMb b M miQK iB+ /2i2+iBQM iQQHX h?2°27Q°2- i?Bb b
Q#D2+iBp2 bi® i2;v mb2/ BM i?Bb bim/vX



kYSY KY Nfz k d

RX GQ; M HvbBb

GQ; M HvbBb "272°biQ '2+Q /b +QHH2+i2/ r?BH2i?2 mbR&8Bb mbBM
939IN+QHH2+i K2i' B+b bm+? bi bFiBK2- +HB+Fb- F2vbi QF2b- +m~
Ti2X 6BjMdBD M 2t KTH2 Q7 ?Qr i?2b2 K2i ' B+b "2 TTHB2/7Q 11 BN

6B:m 2 jXd, GQ; M HvbBbK)XT 2b2Mi iBQM (

kX GBM2 ° _2:'2bbBQM

GBM2 " "2;"2bbBQM + M #2 mMBpj)B AMQ?R i BKEH 2B+ iR b+2M "BQ-
K2 Mb? pBM; MIBMT®ib BMiQ biy>8h?i2HRN22b 2 MidB QWS b

72 & M, "2 °2;°2bbBQM +Q277ByB2MbXbh#A2+2 M;BM; i?2 “2; 2b|
+Q277B+B2MibX Ai +hik)# 2 BW 2?28 2 i?2 Tm TQb2 Q7 HBM2 ° "2;
Bb iQ RBM/i #2bi 7Bib i?2 /i X 6Q" 2t jKBRI-BB2KMi2 i° BMBM; b2i C
TQBMib- r?2°2 2 +?2 TQBMi 272 b iQ i?2 bBx2 M/ ?2Qmb2 T B+2X A
Bb ?2HT7mH iQ 7BM/ “2HMIBXQ B 2 DirBPM "2b "2 i?2 bi M/e¢g TT Q +
iQ 7BM/ i?2 2:°2bbBQM +Q277B+B2Mib i? i KBMBKBx2 i?2 “2bB/m
i ;20 M/i?2 T°2/B+iBQMX AM KmHiBp "B i2 HBM2 ° X2;BRbBBQM T°
N@2H2K2Mi p2+iQ -r?2°2i?2 ?2vTQi?2bBb bT +2 Bb,



k3 +NzZy 1 kY KY NAz2aanl-

hsw(Xj) = Wo + WiXj 1+ WoXj2 + 111+ WpXjn UjXRV

6B:m 2 jX3, GBM2 "~ "2:°2bbBRM 2T 2b2Mi iBQM (

jX .2+BbBQM h 22

/2+BbBQM¢ BB (M H;Q Bi?K /2p2HQT2/ #v G2Q ""2BK M FMQrM b
M/ _2;°2bbBQM h 22 U* hVX |)/BbBUBQMNbB22Q7 MQ/2b M/ # M+?2|
"2+m bBp2 T "iBiBQMBM;X h?2 BMTmi ii B#mi2 +QV 2W/TIQRM/b@Q M
i"B#mi2 p Hm2b "2 BM i?2 # MAXZOVX7TI? 2 HRIQR2D W2M/ #° M+2?2bV
/2+BbBQM Q7 i?2 i 22X 6Q 2K KJH2i-?6Bi:M2 2i B#mi2b "2 6"Q/v h2K1
im 26 M/ 6:Bp2b "B i?6X h?2 ii' B#mi2p Hm2b 7Q  6"Q/v h2KT2  im"
M/ 6*QH/@#HQQ/2/6X h?2 H2 p2b Q7 i?2i 22 2 6J KK Hbd M/ 6LQ
bBQMi'22 +?2QQb2b i?2 bTHBi iQ KBMBKBxX2i?2 Qmi+QK2 BKTm Biv
BKTm Biv Bb K2 bm 2/ #v :BMB BKTmeJBQV UM ®WUB2ZBB iBQMW 7 QK
K2 MU 2;2bbBQMVX



kYSY KY Nfz kN

6B;:m 2 XN, .2+BbBQM i 22)X2T 2b2Mi iBQM (

9X _ M/QK 6Q 2bi

_ M/QK 7Q92Bib( +H bb Q7 2Mb2K#H2 K2i?Q/b U+QK#BMBM; KmHiB
/2bB;M2/7Q  /2+BbB QM RBA2 MK26BKMN2 2T 2b2Mi iBQM-r?22'22 +7? i
Bbi?'Qm;? °~ M/QK b KTH2 Q7 i?2 i° BMBM; /i rBi? "2TH +2K2Mi
bm#b2i Q7 72 im 2b Bb TTHB2/ 7Q  i?2 i 22 B THPRIQHN bXi h2 Bb BH# D |
M/ bTHBi TQBMi #v KBMBKBxBM; +'Bi2°'BQM bm+? b :BMB BKTm"
i72 K2 MX h?2 7BM H T 2/B+iBQM Bb 7QmM/ #v p2  :BM;i?2 T 2/B+
BM i?2 7Q 2biX _ M/QK 7Q°2bi ? b b2i Q7 ?2vT2 T ~ K2i2'b i? i b’
+ Qbb@p HB/ iBQMiQ pQB/ Qp2 7BiiBM;X

8X 'iB7B+B HL2m H L2irQ Fb

“iB7B+B H M2m > H M2i#QBEL QM i?2 B/2 Q7 ?2Qr M2m QMb 2 +QM
?2mK M #° BMXj$BERM B BMbi M+2 Q7 bBKTH2 M2m QM rBi? BMTmib
7mMM+iBQM- M/ QmiTmiX b2iQ7 M2m QMb + 2 i2b ;> T? M2irQ F-r

+QMM2+i2/i?°Qm;? HBMFX h?2 72 im 2b 7°QK i?2 /i b2i b2°p2 b



jy +NZy T kY Ky NA2A&AI-

6B:m 2 jXRy, _ M/QK 7Q 2bi9XT 2b2Mi iBQM (

M2irQ FbiQK F2 T '2/B+iBQMb 7Q" +H bbB7B+ iBQM Q" "2;:°2bbBQM
bBM;H2 M/ KmHIiBH v2 722/@7Q ' r '/ M2m  Hj ¥MRkrAMFR i B b2 2M+B M
MQIZT ' Q/m+2b M QmiTmirBi? i?2 +iBp iBQM 7mM+iBQM 7 QK i?2 r2
BMTmibX h?Bb QmiTmi Bb 72/ b BMTmiiQ iR WPQ/2D +RBIM2H2Q0i8IN
Bb# +F@T QT ; iBQM-r?B+? BKTH2K2Mib biQ+? biB+ ;> /B2Mi /2b+
HQbb #v Bi2 iBp2 mT/ iBM; Q7 i?2 r2B;?ibBM 2 +? 2TQ+? iQ +QMp.
2°°Q Bbi?2 /B772 2M+2 #2ir22M i?2 M2irQ ' F QmiTmi M/i?2i “:2iX

6B:m 2 jXRR, L2m QM mMB)X2T 2b2Mi iBQM (



kYlY 2,97 Oefé 2zaby Amy iR

6B;m 2 jXRk, JmHIiBH v2° "iB7B+B HM2m H MRXrQ F U LLV "z

jXk 1tT2 BK2Mi H a2i@IT

jXkXR 1MpB QMK2Mi

A2p Hm i2/i?2 2tT2 ' BK2Mib QMHBM2 eB3-QrC:ATQIQ: HD I DHMHOE B2 p
rBi? 7°22 ++2bb iQ +QKTmMiBM; "2bQm +2bX A ~ M i?2 2tT2 ' BK2M
SVi?QM HB#  "v bBIKBi@H2 "M (

iXkXk . i +QHH2+iBQM

g2 +QM/m+i2/ "2KQi2 bim/v i oB ;BMB h2+?- "H +Fb#m ;- oB ;B
iB+BT Mib 77QK mM/2 ;" /m i2 +Qm b2bX h?2 T "iB+BT Mib "2 oB"
bim/2Mib R3v2 "bQ  QH/2 " 2M"QHH2/BM M mM/2" ;" /m i2 +Qm b2X
7Q T iB+BT Mib BM i?Bb "2b2 "+? bm+? bR #QMmb TQBMi BM i?2 |
b2H2+i2/ iQ ++2bb R Q7 i?72 Ry K xQM ;B7i + /b BM [  rBM;X i
+QmH/ 7BM/ mb #BHBiv Bbbm2b BM i?2 TH i7Q K M/ BKT Qp2 i?2B
T 'iB+BT Mib/2+B/2iQ H2 p2i?2bim/v7Q  Mv 2 bQM-i?2v "2 HH



jk +NzZy 1 kY KY NAz2aanl-

A 2+ mBi2/bim/2Mib #v +QMi +iBM; /IB772 2Mi BMbi m+iQ b 7 QK ol
AMbiIiBimiBQM H 2pB2r"Q ‘/ UA_ "V kj@3X&¢XXQiQ2B MW MmMrHA@I/Btr2"
7 QK i?2 +Qm b2b *a@ksss- *fa@jsss- *fa@9sss- "Ah@jsss- "Ah@9s«
*J. @jess- M/ *J. @9ess U TTRMIRt iQi HQ7 dR 2K BHbr2 2 b2MiiC
K2K#2 bX 6Qm i22M BMbi'm+iQ b 7' QK i?2 *QKTmi2 a+B2M+2 /2T °
h?2v b? 2/ i?2 BM7Q 'K iBQM BM i?2B" * Mp b +Qm b2 M/fQ T2 KI
#Omi Kv "2b2 "+?X AM iQi H- A/B/ b2p2M T 2b2Mi iBQMb Q7 j KBN
rbTQbi2/ "QmM/ + KTmbXk¥K2M/Bt

Ab? "2/ :QQ:H27Q ' Kbm'p2vrBi? Z_ +Q/2iQ Q#i BM IXikWERMibo 2k
7i2°r /- Ab2Mi M 2K BH iQ i?2 bim/2Mib #Qmi i?2 Tm TQb2 Q7 i?2
M/ +QMb2Mi 7Q K UXEXEMVB2 K BM :Q HBbiQ 2p Hm i2i?2 mb #BHI
JOQQ/H2 +Qm b2 rBi? i?°22 i bFb iQ +?2+F i?2 HBKBi iBQMb M/ /B7
GJa7'QK i?2 bim/2Miob T2 bT2+iBp2X ii?22M/ Q7 HH i bFb-i?2 T
TQbi@bm ' p2v ala M/ bQK2 [m2biBQMb 7°'QK i?2 Ib2G2 M +?2+FHBI
7BMBb? BM K tBKmK Q7 9y KBMmi2b 7Q i bF +QKTH2iBQM M/ TQt

iXkXj . i T°2@T Q+2bbBM;
. i +H2 MBM;

A2+ mBi2/ R3j mM/2 ;" /m i2 bim/2Mibo 2K BHb 7°QK oB ;BMB h2-
iQi HQ7 33 bim/2Mib HQ;;2/ BMiQ JQQ/H2X 1B;?i22M bim/2Mib r2
"2 HQ;;BM; BMiQ i?2 bvbi2K KmHiBTH2 iBK2b- 2t+22/BM; 9y KBMm

MM 2H i2/ 7BH2b iQ i?2 i bF- TQbiBM; B "2H2p Mi Mbr2 b iQ i?2 7Q

mb #BHBiv [M2biBQMMIB QpB/2b#H2QKT 2?22MbBp2 Qp2 pB2r Q7 i?

2t+HMbBQMX Aiéb rQi? MQiBM; i? i bQK2 bim/2Mib K v Qp2'H T BM



kYIY 2,97 Oéefé 2abf Amy j]

2t+HMbBQMX h?2°27Q°2-dy bim/2Mibr2°2 T "iQ7i?2/ i b2i-r?Q 7E
i?2 mb #BHBiv [mM2biBQMM B 2bX 6Q iv KBMmi2br bi?2 K tBKmK ;B
iQ 7BMBDb?i?2i?°22i bFb M/ TQbi@bm p2vbr b ky KBMmi2bX bim/:
KBMmi2b /B/ MQi 7QHHQr i?2 bim/v ;mB/2HBM2b bm+? b 7BMBb?BM
Q7 HQ:;BM:; BMiQ i?2 bvbi2K KmHIiBTH2 iBK2b M/ +QM+2Mi  iBM; QI

2 bQM LmK#2> Q7 aim/2Mib

SQDbiIBM; B "2H2p Mi Mbr2'biQ i?2 7® mK
h FBM;, KQ 2i? M9y KBMmi2biQ /BMBbRR?2 i bFb
[THQ /BM; mM 2H 12/ 7TBH2b iQ i?2 bbB;MK2M]
GQ;;BM; BMiQi?2 bvbi2K KmHIBTH2 RERK2b
Q MQi Mbr2 i?2 mb #BHBiv [m2biBQMM B 2D

h #H2 jX9, 1t+HmMbBQM + Bi2 B X

62 im 2 2ti +iBQM

62 im 2 hv T2 2b+'BTiBQM

iBK2 [mBx LmK2 B+ H b2+QM/biQ 7BMBb? [mBx i b

iBK2 7Q mK LmK2 B+ H b2+QM/biQ 7BMBb? 7Q mK i |
iBK2 bbB;MK2MiLmK2 B+ H b2+QM/biQ 7BMBb? bbB;MK2N\

-~ ]2 [mBX LmK2 B+ H [mMBx TQBMib UR +Q "2+i Mbr2°

rQ/+QmMi T2 7Q mK 2bTQMb2 LnMKi2RB2 HQ7 rQ /b BMi?2 TQbi

7BH2 bBx2 LmK2 B+ H FBHQ#vi2b BM i?2 bbB;MK2Mi

7TBH2 ivT2 LmK2 B+ H R US.6 7BH2V Q y UQi?2 7BHZ

+HB+Fb KQ/mH2 [mMmBx pBbBi2/ MmMK#E22 B 7TH+ HB+Fb iQ 7BMBb? |

+HB+Fb KQ/mMH2 7Q mK pBbBi2/ MmK&2 B¥ HHB+Fb iQ 7BMBb? 7

+HB+Fb KQ/mH2 bbB;MK2Mi pBbBi2/ LmK2 B+ H MmK#2" Q7 +|

h #H2 jX8, 62 im 2b /2b+ BTiBQMX

h?2/i rbb p2/BMJvazZzG- /i # b2 7 QK JQQ/H2X b KTH2 Q7 i?2
BM 6BjiXRd H:Q BRPMIK+?2+F i bF +QKTH2iBQM M/ 2 +? KQ/mH2 i #



j9 +NzZy 1 kY KY NAz2aanl-

6B;m 2 jXRj, . 1 # b2 Qp2 pB2rX

H;Q Bi?KERM+iBQM iQ +?2+F B7i?2i bF? b#22M +QKTH2i2/

R,7mM +i BQd fi & y &Abl&:omponentN ame; nameActionStart; nameActionEnd;
nameT argetStart; nameT argetEndV

k, componentincluded tablg%omponenf] == componentName

B domponentincluded:any) i?2M

—

9, modV isitedV alues tableftabldcomponent] == componentNamé
8, modV isitedV alues modV isitedV alueg[®action®°target]
e, startT askV alues [nameActionStart; nameT argetStart ]
d, endT askV alues [nameActionEnd; nameT argetEnd]
3, containsAllStartV alues  (modV isitedV alues4 4startT askV alues):all (axis =
1)
N, containsAllEndV alues (modV isitedV alues4 4endT askV alue$:all (axis =
1)
Ry, B @ontainsAllStartV alues:any () M tontainsAIIEndV alues:any() i?2M
RR, "2im"M h"'m2
Rk, 2Hb2
Rj, "2im"M 6 Hb2
RO, 2M/ B7
R8, 2HDb2
Re, "2im"M 6 Hb2

Rd, 2M/ B7
R32M/ 7TmM+iBQM
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H:Q Bi?K6RIM+IBQM iQ ;211?21 #H2 7 QK i?21 bF +QKTH2i2/

R,7mM+iBIQ&M 2 ao«fieyay {usePahf; componentName;actionStartName;
actionEndN ame; targetStartName; targetEndName V
k, moduleTable tableUniquduserTabl§component] == componentNamé

j, indexStart moduleT able:index(moduleT abl¢’action] ==
actionStartName) (moduleT ablgtargetd == targetStartName )]:max()

9, indexStart moduleT able:lofindexStart ]

8, indexEnd moduleT able:index(moduleT abl¢’action9 ==

actionEndName) (moduleT abl§target) == targetEndName)]:max()
e, indexEnd moduleTable:lofindexEnd]
d, moduleTable moduleT abl¢(moduleT abl¢id9
indexEnd:id) (moduleTablgid9 indexStart:id )]
" 2im rvbduleT able
3,2M/ 7TmM+iBQM

AM H:Q BiPXR BMTmir bi?2 Q'B;BM Hi #H2- +QKTQM2Mi +iBQM bi
2M/- M/ i “:;2i 2M/ b b22MB MG #H2Q KBi?R BMTmir b 2 +? mb2 i #
rBi? i?72 +iBQMb M/ i ;2ib Q7 i?2 "2bT2+iBp2 +QKTQM2Mib- 2t+27
+QKTQM2Mi 6+Q 206X h?2 KQ/mH2 i #H2b k2220 Y2 Q K BIMJ hBii B#
H:Q BiPKM/9iQ 7BM/ i?2 iBK2 M/ +HB+Fb Q7 2 +? KQ/mH2X 6BM H
FMQrH2/;2 M/ T'BQ  HBi2  im 2 "2pB2r-i?2 72 im 2b 2ti° +i2/ b BM
H;Q Bi?Kb "2 T 2b2Mj28 BM h #H?2

*QKTQM2Mi +iBQM ai i +iBQM 1M/ h “:2iai i h :2i 1M/

KQ/n[mBx bi "i2/ bm#KBii2/ ii2KTi 1i2KTi

KQ/n7Q mK pB2r2/+ 2 i2/ +Qm b2nKQ/mH2 TQbi

KQ/n bbB;M pB2rdbim#KBii2/ +QOm b2nKQ/mH2 bb2bb #t
+Q 2 HQ;;2/BMHQ;;2/Qmi mb2" mb2°

h #H2 jXe, *QKTQM2Mib +iBQM M/ i ;2i/2b+ BTiBQM)>



je +NzZy 1 kY KY NAz2aanl-

H:Q Bi?K6MM+iBQM iQ ;21 i?2 iBK2iQ +QKTH2i2i?21 bF

R,7mM+iBRM Oeéfo Z &ao «nehpdfeNablev

k, timeTable moduleTabl¢time]

i time = changeT oSecondsmeT ablg0]) changeT oSecondsotalSecondg 1])
T 2im ‘tivhe

9,2M/ 7TmM+iBQM

H;Q Bi?KEBhM+iBQM iQ ;2ii bF +HB+Fb

R,7mM+iBR&ef2 490 «&hOdukeTablev
" 2im Iéh(moduleTablé
k,2M/ 7mM+iBQM

h “:2i 2ti° +iBQM

h?2 i “:2ib 2 7Qm > mb #BHBiv b+QX2mla b2OM2BR AGHDR 2p2MiBQM
b+Q 2- +QMbBbi2M+v M/ 7mM+iBQM HBiv U*6V b+Q 2- M/ +Qm b2

h *;2i hvT?2 .2b+ " BTiBQM

alab+Q 2 LmK2 B+ H mb #BHBiv b+Q 2 #2ir22My M/ R
1Sb+Q 2 LmK2 B+ H mb #BHBiv b+Q 2 #2ir22M R M/
*6 b+Q'2 LmK2'B+ H mb #BHBiv b+Q 2 #2ir22M R M/ ¢
*Jb+Q 2 LmK2'B+ H mb #BHBiv b+Q 2 #2ir22M R M/ 8

h #H2 jXd, h ";2i/2b+ BTiBQMX

i bi M/ "/Bb iBQM

ai M/ "/Bx iBQM Bb +QKKQM bi2T BM T 2T Q+2bbBM; /i 7Q  JG H
T Q/m+2b bmT2 BQ T2 7Q K M+2 BM i?2b2 H:Q Bi?Kb #v "2/m+BI
/B772 2Mi b+ H2b Q7 i?2 72 im 2bX Ai;m > Mi22b #2ii2° +QMp2 ;2N\
bi M/ “/Bx iBQM i2+?MB[m2r b TTHB2/iQ b+ H2MBM272 im 2bX h?
jXRBM+Hm/2, iBK2 [MBx- iBK2 7Q mK-iBK2 bbB;M-;" /2 [mBx-rQ"/-
7BH2 bBx2- +HB+Fb KQ/mH2 [mMBx- +HB+Fb KQ/mMH2 7Q mK- M/ +HB+
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iQ "2b+ H2 2 +?2 72 im 2 Bb # b2/ QM i?2K2 M M/ bi M/ //2pB iBQM

UjXkV

r?2°2 x Bb i?2 bi M/ /Bx2BW2?PmQ2B;BM HBM2i?P@'R2 M Q7 i?2 72 im" !
M/ Bbi?2bi M/ //2pB iBQM Q7 i?2 72 im 2X

6B;m 2 jXR9, 62 im 2b /Bbi B#miBQMX

. i MQ K HBx iBQM

LQ 'K HBx iBQM Bb T 2T Q+2bbBM; i2+?MB[m2 BM JG iQ 2Mbm 2 +
#BHBiv #2ir22M i?2 72 im 2b Ub+ H2 #2ir22My M/ RVX Ai2M? M+2b
H:Q 'Bi?Kb-r?2'2i?2i *;2ib "2 MQ K HBx2/ ;Bp2M i? ii?2 Q 'B;BM
#2ir22My M/ Ryy- M/i?21b2G2 "M b+Q 2b #2ir22M R M/ 8X h?2 7Q

a X  KBX) .
XMQ K K 1(X) K BN UjXjVv




i3 +NzZy 1 kY KY NAz2aanl-

r?2 2uoBb i?2 MQ K HBx2Bb i?2iQ B;BM H i ;@)pBHmM22 KBMB KmK
p Hm2 Q7 i?2 i ;2iBMi?2/ (XpBb iM2 K tBKmK p Hm2 Q7 i?2 i ;2i E
/i b2iX

JXkX9 amT2 pBb2/J +?BM2 G2 "MBM; H;Q Bi?KDb

AT QTQb2 K2i?Q/QHQ;viQ T 2/B+imb #BHBiv# b2/ QM JG i2+?MB]|
2p Hm i2/ /2T2M/BM; QM i?2 MmK#2" Q7 72 im 2b 2ti> +i2/ 7°QK i?2
BMTmiBM i?2JG H;Q BI@XHM®2i#H2ib "27Qm mb #BHBivb+Q 2b, :
b+Q 2-*6 b+Q 2- M/ *J b+Q 2X h?2 bK HH /i b2i +QHH2+i2/r b TT
H:Q 'Bi?Kb mbBM; i?°22@7QH/ + Qbb@p HB/ iBOM T Q+2/m 2 iQ
PQB/ Qp2 7BiiBM; T'Q#H2KbX h?2 bmT2 pBb2/ JG H;Q Bi?Kb +?
/2+BbBQM i'22b-" M/QK 7Q 2bi- M/ M2m" H M2irQ FbX

1tT2 ' BK2Mi O 62 im 2b 62 im 2b
R e iBK2 [MBx- iBK2 7Q mK- iBK2 bbB;:MK2Mi- +H
[MBX- +HB+Fb KQ/mH2 7Q " mK- M/ +HB+Fb KQ/
k d iBK2 [MBx- iBK2 7Q mK-iBK2 bbB;MK2Mi- ;°
rQ/ +QmMi T2  7Q " mK "2bTQMb2- 7BH2 bBx2-
j Ry iBK2 [MBx- iBK2 7Q mK-iBK2 bbB;MK2Mi- ;°

rQ/ +QmMi T2  7Q " mK "2bTQMb2- 7BH2 bBx
+HB+Fb KQ/mMH2 [MBx- +HB+Fb KQ/mH2 7
M/ +HB+Fb KQ/mH2 bbB;MK2MiX

h #H2 jX3, 62 im 2b /2b+ BTiBQMX

h?2 2vT2°T * K2i2'b BM i?2 JG H:Q'Bi?Kb r2°2 7QmM/ i?2°Qm;? i?2
dy-/2TB+i2/ BIMXK #H?2
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h #H2 jXN, S ° K2i2 b2iiBM;b 7Q  JG H;Q Bi?Kb QM ; B/ b2 "+

JG H;Q Bi?K *QM7B;m” iBQM
GBM2 ° _2;°2bbBQM 7Bi BMi2 +2Ti, (h"m2-6 Hb2)
.2+BbBQM h'22b K tBKmK /2Ti?, (LQM2- 8- Ry- R8- ky- jy)-
KBMBKmK b KTH2b H2 7, (k- 8- Ry)-
KBMBKmK b KTH2b bTHBi, (k- 8- Ry)
_ M/QK 6Q 2bi K tBKmK /2Ti?, (LQM2- 8- Ry- R8- ky-jy)-
KBMBKmK b KTH2b H2 7, (k- 8- Ry)-
KBMBKmK b KTH2b bTHBi, (k- 8- Ry)-
2biBK iQ b, (Ry-8y- Ryy)
L2m™ H L2irQ Fb +iBp iBQM, (6 2HmMO- 6i M?0)-
HT? , (yXyyyR- yXyyR- yXyR)-
?B//2M H v2 bBx2b, (U8yV- URyyV- U8y-8yV- URyy-
H2 "MBM; " i2, (yXYyyyR- yXyyR- yXyR)-bQHp2", (¢

jXkX8 1p Hm iBQM J2i'B+b

h?22p Hm iBQM K2i B+b "'2J2 Ma[m 21 "Q UJalVv M/_QQiJ2 Ms
iIQ p2 B7vi?2T2 7Q K M+2 M/ 7BiM2bb BM "2; 2bbBQM KQ/2HbX J
b[m "2 /B772 2M+2 #2ir22M i?2 T 2/B+i2/ M/ i?2 +im Hi ;2iX _Jal
Jal-r?2 2i?2 mMBi Q7 K2 bm 2K2Mi Bb i?2 b K2 bi?2i ;2iX h?27

b 7QHHQTrb,
1 XX
Jai= =" T (% %) Ujx9V
i=1 j=1
P—— .
~Jal= MSE Ujx8v

(22 2 Bb i?2 MMK#2  Qif Bb+iQ2/MmK#2 Q¥ BhiliB:2/B+i2/p Hm2 7
i22@i? "2+Qj/@WMI QmiTnYj-BMi?22 i “;2i T@iP?2+Qj/@M/ QmiTmiX



*?2 Ti2 9

_2bmHib

h?Bb +? Ti2  2tTH BMb i?2/ i b2i Qp2 pB2r #Qmii?2 mb #BHBiv Q7
"2bmHib 7 QK i?2 i?°22 2tT2 ' BK2Mib bi i2/ BMi?2 J2i?Q/QHQ;vX

9XR . i b2ibiiBbiB+b
62 im 2 J2 M ai M/ '/ .2pB iBQM
iBK2 [mBXx kyjXye RR8Xyk
iBK2 7Q mK k88 Xky R3jX9R
iBK2 bbB;MK2Mi kk8X89 R8dXyk
;- /2 [mBx 3Xk3 RX3R

rQ/+OmMi T2 7Q MK 2bTQMDb2 jjHEX30
7BH2 bBx2 kedj8XNO je8e8Xdo

7BH2 ivT2 yXed yX9d

+HB+Fb KQ/mH2 [mRBXyy RXjd

+HB+Fb KQ/mH2 7Q9X &R KXjj
+HB+Fb KQ/mH2 bbB;MK2Mi RE3EN R

h #H2 9XR, 62 im 2b K2 M M/ bi M/ "/ /2pB iBQMX

h #H2XIR? Qrb i?72 K2 M M/ bi M/ "/ /2pB iBQM 7 QK i?272 im 2bX AiE
i? ii?2 p2  :2iBK2iQ 7BMBb? i?2 +iBpBiB2br b #2ir22M kyjXye N
p2 ;2 ; /2 [ mBxr b 3-r?B+? K2 Mb i? ii?2 bim/2Mib mM/2 biQQ/
rBi?2Qmi T 2pBQmb H2 MBM; K i2'B HX h?2 p2 ;2 +HB+FbiQ 7BMB
+HB+Fb "2bT2+iBp2HvX h?2 p2 ;2 TQbirQ /+QmMir bderQ /b 2F

9y
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#Qmi bQ7ir "22M;BM22 BM;X

h #H®XRtTH BMb i?2 p2° ;2 M/ bi M/ *//2pB iBQM Q7 i?2 i *;2ibiQ #
JG H;Q Bi?KbX h?2 p2 ;2 alab+Q 2 Bb dj- BM/B+ iBM; i?2 JQQ/F}
BM i2 Kb Q7 mb #BHBivX h?2 Ib2G2 "M +?2+FHBbi > M;2b 7 QK jX8}
JQQ/H2 bvbi2K Bb mb #H2- #mi M22/b BKT Qp2K2Mi BM i?Qb2 2 b

b+Q 2X

h *;2i J2 M ai M/ '/ .2pB iBQM JBMBKmMmK J tBKmK

alab+Q 2 djXRR R8XR9 kd X8y RyyXyy
1S b+Q 2 j X8k y Xdk kXyy 8Xyy
*6 b+Q 2 JXN3 yXed kXed 8Xyy
*J b+Q 2 jX3R yXdd RXed 8Xyy

h #H4H2 9Xk, h ";2i K2 M M/ bi M/ "/ /2pB iBQMX

h?2i “;2ib "2 #2ir22My M/ R 7i2° MQ K HBx iBQMX hQ #2 /2THQV2
M/ Is /2bB;M2 b 7i2° i?2 mb #BHBiv b+Q 2 T ' 2/B+iBQM-i?21i “;2ib
i72 Q°B;BM H ™ M;2 b b2DXM6BM ht KHTH2- T 2/B+i2/ ala b+Q 2 Q7 vy,
d3Xk8 mbBM; HBM2 ~ b+ HBM:X

9Xk 1tT2 BK2Mib

AT QTQDb2/i?°22 2tT2 BK2Mib rBi? /B772°2Mi 72 im 2b iQ T 2/B+i I
TT'Q +? #2ir22M HQ;;BM; mb2 /i - JG- M/ [m2biBQMM B 2bX h?:
BK2Mib Bb iQ b?Qr i?2 + T +Biv Q7 bmT2 pBb2/JG H;Q Bi?Kb iQ T
GJab M/ i?2 72 im 2b BMpQHp2/X 1 +? 2tT2 ' BK2Mi 7QHHRQrb i?2 |
T°Q+2/m 2 b p HB/bi  i2;viQ 2Mbm 2 T2 ' 7Q K M+2 BM “2; 2bbBQ\
bi M/ //2pB iBQM Q7 i?2 b2H2+i2/ K2 UkdPp XN a1lQMb @IaHEBM QM (



9 k +Nzy T Y ' &

bK HH/ i b2i Bb "Q#mbi K2i'B+ iQ 2biBK i2 KQ/2H T2 ' 7Q 'K M+2X
i? 11?2 2b2 +? Bb MQi +QKT " iBp2 bim/v #mi bim/v #Qmi r?B+?
mb #BHBiv 2p Hm iBQM b+Q 2b i?2°Qm;? JG H;Q ' Bi?KbX h?2 +m "2
M/ JG mb2b T2 7Q K M+2 2p Hm iBQM K2i B+b /2T2M/BM; QM +H b
b+Q 2V Q" "2;°2bbBQM UJlak9obyX h&QLM KQMbi i2 i?2 #BHBiv Q7 JG
iQ T'2/B+imb #BHBiv b+Q 2b- A +QMbB/2 2/ Jal M/ dg§x1l bT2'7Q"

OXkXR 1tT2 BK2Mib rBi? e 72 im 2b

h #H4H2 9Xj, S~ K2i2 Db2iiBM;b7Q  JG H;Q Bi?KbX

JG H;Q'Bi?K *QM7B:m’ iBQM
GBM2 ° _2;°2bbBQM 7Bi BMi2 °+2Ti, h'm2
.2+BbBQM h 22b K tBKmK /2Ti?, LQM2- KBMBKmK b KTH2]|
KBMBKmK b KTH2b bTHBIi, k
_ M/QK 6Q 2bi K tBKmK /2Ti?, LQM2- KBMBKmK b KTH2b H
KBMBKmK b KTH2b bTHBIi, k- 2biBK iQ b, Ryy
L2m™ HL2irQ Fb +iBp iBQM, "2Hm- HT? , yXyR-
?B//2M H v2® bBx2b, URyy- 8y- k8V
H2 MBM; " i2, yXyyR-bQHp2, b;/

AM i?2 7B bi 2tT2 BK2Mi- i?2 #2bi JG +QM7B;m"  iBQXWN7BbnmM2 @v ; E
b2Mi2/ BM ©X$H2b2/ QM /QK BM FMQrH2/;2- A b2H2+i2/ bBt 72 im" 2t
#BHBiv /2i2+iBQM, iBK2 [mBx-iBK2 7Q mK- iBK2 bbB;MK2Mi- +HB-
7Q°mK- M/ +HB+Fb KQ/mH2 bbB;MK2MiX
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ala b+Q 2 1S Db+Q°2 *6b+Q°2 *Jb+Q 2

GBM2 ° _2:'2bbBQMXYR®Ideg XyXIF k3 yXRWBR39 yXyXVR3k
.2+BbBQM h'22b yxX¥y®RE yXwewpive3d yXRYWRNd yXyX§FNN
_ M/QK 6Q 2bi yX¥eyde yXyBlkRye yXwyHXBRjR yXwW8yRR9
L2m" HL2irQ Fb wXwoleR yXyw8h 8N yXy3ywRks8 yXwseywdN

p2° ;2 yXy99RXyyde yXywlywe8 yXWKR&E8N yXyXRBRN

h #H2 9X9, Jal 7 QK /B772 2MiJ +?BM2 G2 MBM; H;Q Bi?Kb rBi

6B;m 2 9XR, Jal 7 QK i?2 mb #BHBiv b+Q ' 2b rBi? /IB772 2Mi J +?BM
e 72 im2b b2H2+i2/X

h?2 KQ/2H T 2/B+iBQM “2bmHil® X' R bR 2NE BMhER; MQ22bi p2° ;2 Jal

KQM; i?2 JG H;Q Bi?Kb Bb i?2 ala pX@Qy@eWyXW/O o™ ?2B;?2bi Bb i?2
b+Q 2 UyXwyNXRBS8NVX ala ;Bp2b M BMDbB;?i BMiQ i?2 Qp2" HH mb
bvbi2K rBi?Qmi bT2+B7B+ mb #BHBiv/BK2MbBQMb 7Q " GJaX 6Q  i?k
@ *J-1S- M/ *6 @ T'QpB/2 mb #BHBiv/BK2MbBQMb bT2+B7B+ HHv

Q /2 2/ #v i?2 p2  :27°QKi?2JG H:Q Bi?Kb  PXYS &8\Q 2JUyXY Ny
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UyXyeR&KYRRNV- M/ *6 b+Q YXYRSWNRKeh?2 27Q°2- 1S b+Q 2 Bb ?2H
i? i KmMHIBTH2 i bFb 2 ++QKTHBb?2/ M/ rBi? r "MBM; T 2p2MiBj
b+Q 2 2tTH BMb i? i JQQ/H2 + M T ' QpB/2 BKTQ'i Mi BM7Q K iBQM
b mTHQ /BM; 7BH2b BMiQ i?2 bvbi2KX *6 Bb "2H2p Mi 7Q" +QMbBHI
H #2Hb- iBiH2b- 2i+X

ala b+Q 2 1S b+Q°2 *6b+Q°2 *Jb+Q 2

GBM2 ° _2:"2bbBQMXyKkjdky Xk@Rydy 8N yXjR3AKNR yXkXRfey
.2+BbBQM h'22b yX¥ky93yXk9BRRjd yXjRRdjk9 yXkgEgR3N
_ M/QK 6Q 2bi yX¥RMRkk yXkInkR3 yXkXykk8 yXkjNykje
L2m™ HL2irQ ' Fb wXywRe9 yXkXkyRkj yXkgXRkkd yXkjXxRRed

p2° ;2 yXky3kXyRed yXKXkRj9 yXjyRRked yXkpoeykij3

h #H2 9X8, _Jal 7 QK /B772 2MiJ +?BM2 G2 MBM; H;Q Bi?Kb rB

_ M/QK 6Q 2biBbi?2 #2bibi’ i2;v7Q mb #BHBivb+Q 2T 2/B+iBQM
yXYyyNN M/ _Jaly¥XykRyX h?2 HQr2biJalBb7Q  _ M/QK 6Q 2bi QM
KQM: mb #BHBiv T 2/B+iBQM b+Q 2b-L2m"> HL2irQ ' Fb/2KQMbi i2
2 _2:°2bbBQM Bb i?2 ?B;?2bi Jal M/ _Jal- K2 MBM:i? ii?2 2 Bb |
#2ir22M i?22 T 2/B+iQ  p "B #H2b M/i?2i ;2iX _Jal T Qp2bi? i BM
/QK 6Q 2bi Bb i?2 bi i2;viQ 7Bii?2 /i iQ bT2+B7B9OXKNII2H b b?
h #H2X8 PM i?2 Qi?2° ? M/- GBM2 ° _2:°2bbBQM +QMiBMm2b iQ 2t?
T "iB+mH "HvBM i2 Kb Q7 i?2 *6 b+Q 2X
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6B;m 2 9Xk, Jal 7 QK /B772 2MiJ +?BM2 G2 MBM; H;Q Bi?Kb rl

OXkXk 1tT2 BK2Mib rBi? d 72 im 2b

AM i?2 b2+QM/ 2tT2 ' BK2Mi- i?2 #2bi JG +QM7B;m" iBQXMX7TBmM/ #v
T 2b2Mi2/ BMXe#H2H2i2/i?2 72 im 2b "2H i2/iQ KQ/mMH2 +HB+Fb N
72 im 2b 7°QK i?2 bT2+B7B+ i bFb iQ p2'B7v B7 i?2 T2 ' 7Q 'K M+2 B
"2, iBK2 [mMBx- iBK2 7Q " mK- iBK2 bbB;MK2Mi- ;" /2 [mBx- rQ"/ +Qr
7BH2 bBx2- M/ 7BH2 ivT2X

h #H4H2 9Xe, S ° K2i2 b2iiBM;b7Q JG H;Q Bi?KbX

JG H;Q Bi?K *QM7B;m" iBQM
GBM2 ° _2;°2bbBQM 7Bi BMi2 +2Ti, h'm2

.2+BbBQM h 22D K tBKmK /2Ti?, LQM2- KBMBKmK b KTH2|
KBMBKmK b KTH2b bTHBIi, k

_ M/QK 6Q 2D K tBKmK /2Ti?, 8- KBMBKmK b KTH2b H2 7
KBMBKmK b KTH2b bTHBi, 8- 2biBK iQ b, 8y
L2m- H L2irQ Fb +iBp iBQM, i M?- HT? , yXyR-

?B//2M H v2  bBx2b, URyyV
H2 "MBM;  i2, yXyR-bQHp2 ', b;/

h?2 "2bmHib 7' QK i?Bb 2tT2 BK2MIX | /b2 2N BAMhER ;FhQ22bi p2 ;2
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Jal KQM; i?2JG H;Q Bi?Kb Bb i?2 alayoxQB8BUYyNMY|iN& ?B;?2bi Bb |
*6 b+Q 2 UyXyRekR8VX h?Bb 2t?B#Bib i?2 b K2 "2H2p M+2 BM i?Qb:
QM2X h?2 1b2G2 "M b+Q 2b Q /2 2/ #v i?2 p2 ;27 QK i?2JG H;Q
UyXy8NXYyR3dV- 1S b+Q I XNWRNEW] M/ *6 b+Q 3 XyWkRyB¢ X

ala b+Q 2 1S b+Q'2 *6b+Q°2 *Jb+Q 2

GBM2 ° 2, 2bbBOQMXYXFRRgXWeXYMRKk yXwyIBKkyN yXwekkR 39
.2+BbBQM h ' 22b y¥XX¥YR9 yXwyeXdyRey yXRYXKEXIR yXwyXYyNRkd
_ M/QK 6Q 2bi  yX¥¥Yydje yXygXWKkRN yXyXkkyN yXwd8R3d
L2m™ HL2irQ Fb wXWRRB3 yXyXjeRdN yXyXe&NN yXyXgk8y

p2° ;2 YyXYjN Xyy88 yXyweOyRNj yXwdeykR8 yXwy&XNR3d

h #H2 9Xd, Jal 7' QK /B772 2MiJ +?BM2 G2 "MBM; H;Q Bi?Kb rBi

6B;m 2 9Xj, Jal 7 QK /B772 2MiJ +?BM2 G2 MBM; H;Q Bi?Kb rB

AM 2tT2'BK2Mi irQ- _ M/QK 6Q 2bi Q#i BMb i?2 HQy2WiREK2Y MH Jal
~Jal UyXkj8jXyjkV 7°QK HH b+Q 2bX h?2 HQr2bi Jal QM _ M/QK 6
yXyyje QM i?2 ala b+Q 2X L2m  H L2irQ'Fb "2 #H2 iQ T 2/B+i mb #I
r2HHX PM i?Bb Q++ bBQM- .2+BbBQM h 22b /2KQMbi' i2 TQQ"  7Bii
HQr2bi Jal r?2M +QKT “2/iQ Qi?2  i29XBMY[m 29X EB B+i2 Jal
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7°QK HH i?2JG i2+?MB[m2b-r?2"2 _ M/QK 6Q 2bi? bi?2HQr2bi _J
alab+Q 2 UyXyRX3jyNNV-*J b+Q 2yXXKyXERK- M/ 1S b+ Q 2XUnokIBIVRy

ala b+Q 2 1S b+Q 2 *6 b+Q 2 *J b+Q 2

GBM2 ° _2; 2bbBQMXYyRkBjdyXk&RYjk yXkgKdjey yXk9XEyjNe
.2+BbBQM h 22b yXX¥kyBRyXkg¥XegkNe yXjR39d8 yXkykdykdsS8
_ M/QK 6Q 2bi  y¥WRYMNN yXWXR9k3 yXk@Oeidy yXkpR{yj3R
L2m™ HL2irQ Fb wxXRKH& yXkWNG8d yXkd¥29j9N yXkBXeg8R]

p2° ;2 YyXRN3WXYyRj3 yXkB¥ejd3 yXkdRZe9 yXKk9R¥KNR

h #H2 9X3, Jal 7 QK /B772 2MiJ +?BM2 G2 "MBM; H;Q Bi?Kb rB

6B;m 2 9X9, Jal7 QK /B772 2MiJ +?BM2 G2 "MBM; H;Q Bi?Kb rl

9XkXj 1tT2'BK2Mib rBi? Ry 72 im 2b

AMi?2H bi2tT2 ' BK2Mi-A [/2/i?2/2H2i2/72 im 2b 7 QK 2tT2 BK2M
iQi H "2iBK2 [mMBx-iBK27Q mK-iBK2 bbB;MK2Mi-;" /2 [mBx-rQ / +
7BH2 bBx2- 7BH2 ivT2- +HB+Fb KQ/mMH2 [mBx- +HB+Fb KQ/mH2 7Q"
h?2b2 72 im 2b r2°2 b2H2+i2/ b BMTmi BM 2 +? H;Q Bi?K rBi? i?2 +
h #H2XN
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h #H2 9XN, S °~ K2i2 b2iiBM;b 7Q JG H;Q Bi?KbX

JG H;Q Bi?K *QM7B;m” iBQM
GBM2 ° _2; 2bbBQM 7Bi BMi2 +2Ti, h'm2
.2+BbBQM h 22b K tBKmK /2Ti?, LQM2- KBMBKmK b KTH2l
KBMBKmK b KTH2b bTHBI, k
_ M/QK 6Q 2bi K tBKmK /2Ti?, LQM2- KBMBKmK b KTH2b F
KBMBKmK b KTH2b bTHBIi, k- 2biBK iQ b, 8y
L2m- H L2irQ Fb +iBp iBOM, 2Hm- HT? , yXyR-
?B//2M H v2 bBx2b, U8y- k8- RyV
H2 "MBM; " i2, yXyR-bQHp2 , b;/

h?2 KQ/2H T 2/B+iBQM "2bmHibX82 b2 ZM BRMEB2MH Q@r2bi p2° ;2 Jal

KQM;i?2JG H;Q Bi?KbBbi?2 alayptyQd21VyMy9B2?B;?2bi Bbi?2 *6
UyXy3N&KyR3jVX h?2 Q /2> KQM; i?21b2G2 "M b+Q 2b +QMbB/2"BM
JG H;Q Bi?Kb Bb *J b+Q XYyRXed/\91S b+Q Y XKYyRgBNR M/ *6 b+Q 2
UyXy3N&KYyR3jVX

ala b+Q 2 1S b+Q 2 *6 b+Q 2 *J b+Q 2

GBM2 ° _2; 2bbBQMXYRBINMXWKYRRI yXyXNgkey3 yXywe8kkRd

2+BbBQM h 22b yXYy8B8 yXyleekR3R yXR¥9KNRd yXys8eRRN

~_ M/QK 6Q 2bi  yX¥epodd yXwdyRNe yXyXp)kR3d yXy&9WRd9

L2m™ HL2irQ Fb wXwyj&l9 yXywd8INRIN yXydWRR3 yXyXg®RNKk

p2° ;2 yXy98gXyydd yXyweXyReR yXy3XMB3] yXyeX¥PRde

h #H2 9XRy, Jal 7 QK /B772°2MiJ +?BM2 G2 "MBM; H;Q Bi?Kb rB

ala b+Q 2 1S b+Q 2 *6 b+Q 2 *J b+Q 2

GBM2 ° _2;"2bbBQMXyMOKRXKkyENKY3 yXjRXKkjk3 yXk$RP999

2+BbBQM h 22b yxXYKe&R yXKkBB8yjoy yXjkkkyjjk yXKj@Ryks9

_ M/QK 6Q 2bi yX¥YRMRER yXkp8BNj] yXky&XFjk8 yXkkNMNdj83

L2m: H L2irQ Fb wXkyRBj&k yXKkgORK3R yXKeXdykRO yXk&8jjNy

p2° ;2 YyXKkRRBXYyRe3 yXkeXyye yXkNdKjyy yXk9Kdgjek

h #H2 9XRR, _Jal 7 QK /B772 2MiJ +?BM2 G2 MBM; H;Q Bi?Kb rl

_ M/QK 6Q°2bi Bb i?2 #2bi bi’ i2;v 7Q" mb #BHBiv T'2/B+iBQMb rB



YIY 2,y Oefé 9N

yXyR8R M/ _Jal yXKykeNNX h?2 HQr2biJal QM _ M/QK¥Xy2dhd Bb y X
QM i?2 ala b+Q 2X L2m > H L2irQ Fb 2t+2H 7Q" mb #BHBiv T 2/B+iB(
AM i?Bb 2tT2 BK2Mi- GBM2 * "2;:°2bbBQM /Q2b MQi 7Bii?2 /i r2H#H
9XeM/ h #XRRTB+i _Jal 7' QK HHi?2JG i2+?MB[m2b-r?2"2 _ M/QK
HQr2bi _Jal 2bmHib BM i2 Kb Q7 ayX pR QR ¥ UyXIRNY 2 yXyX &K&W d

M/ 1S b+Q 2 UyXXy$BjV X

6B;m 2 9X8, Jal 7 QK /B772 2MiJ +?BM2 G2 MBM; H;Q Bi?Kb rB

h?2 "2bmHib Q7 Jal M/ Jal b?Qr i? ii?2 b2p2M 72 im 2b T QpB/2
ala b+Q°2X AM i?Bb +QMi2ti- i?2°2 Bb TQi2MiB H7Q mb #BHBIiv
[mMm MiBi iBp2 [m2biBQMM B 2 Mbr2 b-mb2 BMi2 +iBQMb- M/ JG
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