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12- Identification
13- Elicitation
14- Application
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((automated OR automatic) AND (fix OR fixing OR repair
OR repairing OR patch OR patching OR correction OR
preemption OR elimination OR recovery) AND (bug
OR buggy OR fault OR faulty OR error OR failure) AND
(code OR program OR software OR application OR data
structure))
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16- Heuristic

17- Follow-up
18- Primary
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Automated Software Engineering (ASE) [150], [168], [174], [158], [216] 5
Computer Software and Applications Conference (COMPSAC) [192] 1
European Conference on Object-Oriented Programming (ECOOP) [120], [27] 2
El;rnosp;:ag;to\:’t:;:rsnlig?iierzi(er:;n(glzsclgg}‘?sr:)r\ce and the ACM SIGSOFT Symposium on the Founda- (1571, [123], [187], [251], [246], [242], [63] 7
Fundamental Approaches to Software Engineering (FASE) [173], [128] 2
Genetic and Evolutionary Computation Conference (GECCO) [169], [147], [143], [144] 4
International Conference on Industrial and Engineering Applications of Artificial Intelligence and (126] 1
Expert Systems (IEA/AIE)

International Conference on Computer Aided Verification (CAV) [35], [194] 2
International Conference on Generative Programming and Component Engineering (GPCE) [3] 1
International Conference on Information Security (I1SC) [103] 1
International Conference on Program Comprehension (ICPC) [89] 1
International Conference on Runtime Verification (RV) [114] 1
International Conference on Software Analysis, Evolution, and Reengineering (SANER) [199] 1

[107], [142], [166], [176], [155], [162], [164],
International Conference on Software Engineering (ICSE) [124], [97], [211], [148], [183], [165], [9], [245],| 17
[11], [232]
International Conference on Software Maintenance and Evolution (ICSME) [152], [200], [203] 3
International Conference on Software Testing, Verification, and Validation (ICST) [93], [135], [178] 3
:TAe;:rzg)tional Conference on Tools and Algorithms for the Construction and Analysis of Systems [(171], [100], [54] 3
International Symposium on Memory Management (ISMM) [117], [304] 2
International Symposium on Software Reliability Engineering (ISSRE) [230], [134] 2
International Symposium on Software Testing and Analysis (ISSTA) Egi]’[gz}’ (153], [156], [202], [257], [228], 9
International Workshop on Empirical Software Engineering in Practice (IWESEP) [233], [195] 2
Operating System Design and Implementation (OSDI) [305] 1
Programming Language Design and Implementation (PLDI) [306] 1
Symposium on Operating Systems Principles (SOSP) [118] 1
Symposium on Search-Based Software Engineering (SSBSE) [207], [196] 2
ACM Computing Surveys [1] 1
ACM SIGPLAN Notices [106], [145], [159], [209], [125], [121], [188] 7
Applied Intelligence [296] 1
Applied Soft Computing [139] 1
Empirical Software Engineering [160], [72] 2
Genetic Programming and Evolvable Machines [60] 1
IEEE Transactions on Evolutionary Computation [271], [273], [274] 3
IEEE Transactions on Software Engineering [6], [168], [59], [5], [4] 5
Journal of Systems and Software [204], [231] 2
Software Quality Journal [238], [74] 2
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Repair Finding Approach (RFA)

Correct-by-Construction (CC), Generate-and-Validate (GV)

Algorithmic Approach (AA)
Synthesis

Evolutionary, Pure Random Search, Brute Force-Based, Adaptive Search, Behavioral Model-Based, Program

Repair Scenario (RS;)

Online (Binary Code, Program State), Offline (Source, Binary), Hybrid; Behavioral, State

Repair Strategy (RSs) Random, FL-Directed

Program Type (PT))

General, Legacy Software, Embedded Software, Web Software, Data-Oriented Software, Mash-Up Software,
System Software, Commercial or Scientific Software, Training, Artificial Intelligence, Big Data Processing,

Algorithmic Programs, Deployed Software

Program Analysis (PA) Static, Dynamic, Hybrid

Automation (A;)

Fully Automated, Semi Automated

Determinism (D)

Deterministic, Nondeterministic (Stochastic, Concurrent)

Search Space (SS) Exhaustive, Constraint-Based
Input (1)) Faulty Program in Various Forms (Source, Binary, Intermediate), Parameter Settings
Desired Functionality / Explicit: Test Case (Positive, Negative), Formal Specification, Static Analysis,
Fault Evidence (DFFE) Hybrid
Implicit: Vulnerability Patterns, Inferred Model During Normal Executions
Formal Specification (FS) Yes, No
Specification Type (ST,) Contracts, Annotation, Constraints, SMT,
Behavioral Models such as Automata, Runtime
Assertion, Architectural Diagrams
Specification Provision (SP) Manual, Automatic Inference
Additional Inputs (AI) Transferred Code, Fix Method of Successful Existing Patches, Invariants from
Successful Executions, Information Regarding the Repair of Certain Classes of
Faults
Output (O)) Textual Patch or Repaired Program, Runtime Modifications, Jump to the New Code, List of Modifications and

Changes as: Source Code, Binary Code, Intermediate Code such as Java Bytecode, Abstract Syntax Tree (AST),

Edits, Tree Structure of Tools such as ECJ'

Fault Localization (FL) Yes, No
Type (T) Simple Weighting Scheme, Existing Technique, New Customized Technique,
Verification, Monitoring to Detect Failure Location
Symbolic Execution (SE) Yes, No
Constraint Solving (CS) Yes, No
Syntactically Ill-Formed Programs (SIFP;, | Yes, No
Semantically Ill-Formed Programs (SIFP,, Yes, No
Competent Programmer Hypothesis (CPH) Yes, No
Instrumentation (I,) Yes,No
Type (T2) Temporary, Permanent
Emulation (E) Yes,No

Time Dominance (TD)

Patch evaluation, Test Case Execution, SMT Solving

Time and Space Complexity (TaSC)

The Number of Fitness Evaluations, Memory Needed to Construct Individuals and Generations

Optimization (O,) Yes, No

Memoization (M)

Candidate Patches, Repair Abstraction

Reduction in  Search

Space (RiSS)

Repair Staging, Finding Similar Repair Codes, Semantic Equivalence, Reduction in
Chromosome Length, Usage of Repair Pattern Histories, New Chromosome
Representation, Change Locations, Repair Code, Type of Faults and Statements,

Type of Executions, Simplified Trace

Reduction in Cost (RiC)

Repair and Test Strategies, Test Case Prioritization, Weak Compilation, Learning

Strategy
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Tool Support (TS;) Yes, No
Available (A,) Publicly, On Demand, Unavailable

Independence (I3)

Stand-Alone, Extension

Distribution (D,) Centralized, Distributed
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Systematism (S2) Systematic, Non-Systematic

Experiment Type (ET) Controlled, Case Study, Combinatory

Study Type (ST,) Longitudinal, Latitudinal

In the Wild, Systematic Search, Existing Data

Dataset Source (DS)
Defect Reproducibility (DR1)

Yes, No

Program Size (PS,) Small, Medium, Large, Very Large

Metrics (M,)

Number of Patched Defects (Fixability), Time to Repair, Monetary Cost, Patch Size, Patch Complexity or Readability, Mem-
ory, Success Rate, Number of Steps Required to Obtain Patch, Efficiency, Number or Percent of Positive and Negative Test
Cases, Program Size, Compilation (Absolute Time or Percent of Total Time), Measurements for Original and Final Patch,
Technique-Specific Metrics such as Weighted Path, Compile Overhead, Runtime Overhead, Number of Fitness Evaluation,
Percent of Failed Test Case (PFT), Percent of Failed Repair (PFR), Line of Changed Code (LoCC), SMT Level

External Metrics (EM)

Human Time-to-Repair, Size of Human Patch, Defect Severity

Analysis Type (AT,)

Qualitative or Quantitative, Subjective or Objective, Hybrid

Yes, No

Comparison (C,) Compared Techniques and Comparison

Type (CTaCT)

(Existing, Random) : (Qualitative or Quantitative)

Language Evaluations

(LE) Single Language, Multiple Languages

Statistical Testing (ST,) Yes, No

Result Replicability (RR) Yes, No

Evaluation Platform (EP)

Modern PC, Cloud Computing, Scientific Grid, Virtual Machine, Embedded System (Cell Phone), Commodity System

Popularity (P,) Yes, No

byl glaasdl glaadlse & Jgux
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Scalability (Sl) aN;chFel:Iﬁt;I;aélzi)[:ally Scalable, Highly Scal-
General Expressivity (GE) | Yes, No
Human Competitive (HC) | Yes, No
Overfitting (O,) Yes, No
Soundness (S,) Yes, No
Completeness (C7) Yes, No

Yes, No
Right (R,) Yes, No
o Safe (S,) Yes, No
Human Validation (HV)
Conformity (C,) Yes, No
Readability (R,) Yes, No
Difficulty (D,) Yes, No
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Repair Source (RS4)

Faulty Program Itself (Pre-Defined Library, Clamp Variable to Value, Fix Space), Another Program in the Same PL, New
Code Developed from Scratch, Templates, Exploration from the Code Snippet in Another PL, Synthesized

Modification Granularity
(MG)

Macro Structures, Micro Sub-Structures to A Certain Nesting Depth

Repair Granularity (RG)

Operator, Expression, Simple or Composite Statement, Block, Procedure, Function

Search Type (ST4)

Grammatical, Semantic

Repair Type (RT)

Simple, Composite

Patch Triviality (PT2)

Non-Trivial, Trivial

Yes, No

Provision (P2)

Built-In, Taken as Input

Desirability (D3) Measurement Material

(MM)

Test Case, Formal Specification Satisfaction, Frequent Repairs, Hybrid, Learned Invariants

Objective (03)

Single-Objective, Multi-Objective

Yes, No

When (W)

During Patch Generation, After Patch Generation

Cleanup (C2) Applied Techniques (AT2)

Delta Debugging, Structural Difference

Target of Modifications
(ToM)

AST, Source Code
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Degree of Patch Quality (DoPQ)

Minimum, Medium, High

Assurance Degree (AD)

None, Partial, Guaranteed (Sound, Complete)

Multi-Level Quality (MLQ)

Valid, Robust, Correct, Total, Partial, Non-Repair

Yes, No

Patch Side Effect (PSE)
Type (T3)

Runtime Overhead, Large Extra Code, Functionality Deletion, Reduction in Understandability

and Maintainability

Patch Usage (PU)

Direct Deployment, Debugging Aids
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Test Type (TT) Exhaustive, Fuzz, Regression
Number (N1) (#Positive, #Negative); S = Small (< 10), M = Medium (10 <= M <= 100), L = Large (> 100)

Test Suite Source (TSS)

Existing, New Test Cases (Automatically Generated, Manually Generated)

Co-Evolution (CE1)

Yes, No

Type (T4)

Competitive, Cooperative

Test Suite Quality (TSQ)

Coverage Adequate Criteria (Branch, Statement), Fault-Exposing Potential, Coverage of Buggy Statements

Test Strategy (TS2)

RTS, TCP, TSR, IA

Determinant Information
(D1)

Code Coverage, Code Churn, Fault Probability, Fault Exposing Potential, Running Time, Com-
plexity, Lines of Code, History of Fault Detection, Time from the Last Execution, Running Cost,
Ontology-Based Coverage, Test Case Similarities, Test Case Uniqueness, Mapping of Requirement

to Test Case or Mapping Model to Coverage

Oracles (O5)

Existing, Generation
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ailge e 5
Language-Specific, Multi Language

C, C++, Java, Python,
Eiffel, PHP, C#, Puppet
Source, Binary, Intermediate (AST, ELF, ASM, Java

Language General-

ity (LG) Target Language (TL)

Code Type (CT)

Bytecode)
AIphabe(tAlKI/IL;Itiplicity Low, High
AIpZZ::I);:/?iAZgV\;ari— Fixed, Variable
Alpha:atit(i?:;nplex— Low, High

AST, List of Edits, List of Bytecodes, List of Assembly
Instructions, Lisp Code
Executable Statements, Global and Local Variables,
Data Structures, Type Definitions

Conversion (C5)

Code Elements (CE2)

ailge (b 5

Algorithm (A,) Genetic Programming, Hill Climbing, Random

Code Bloat (CB) Yes, No

Customized Genetic Modification in (AST, Patch
List, Assembly), Pre-Customized by GP Engine,
Rewriting Rules Based on Grammar

Mutation (M,)

Mutation Target Code

(MTC) Weighted Path, Fault Localization Space

Anywhere in the Same Program, Fix localiza-
tion Space, A Special Search Operator, Another
Program

Mutation Fix Code
(MFC)

Crossback, One-Point, Variations of Unit Cross-

Crossover (C . .
( ") over, New Customized Variant

(#Code Repositories,
#Current Jobs, #Web
Searches)

Real-World Share

(RWS) L: Low, H: High
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Statements Along the (Weighted Path, Whole
Program)

Crossover Target Code
(CTC)

Population Selection | Tournament, Stochastic Universal Sam-

(Ps,) pling, Roulette Wheel, Elitism
RV ‘SLhua.ﬁ.i ‘_gl.bd.ﬂg-o )] Jg-\?
aidje (PO
General Repair, Defect-Specific
Conditional Statements, Memory Errors (Buffer
Defect Overflow, Dangling Pointer, Uninitialized Read,
Generality | pefect Class| Null Dereference, Double Free), Concurrency
(DG) (DC) Faults, Infinite Loop, Data-Type Faults, Incompat-|
ibility of Interfaces in Software Modules, Out-
of-Bound Index
Deterministic, Sequential
Probabilistic Executions due to Randomized In-
Defect Un-| Nondeter- X
) L puts, Memory or Hardware Failure, Usage of the
certainty | minism (N2) . s ’
(DU) User Input, Computational Sensitivity to Time
Concurrency| Atomicity Violation, (Data) Race Condition,
(ce) Order Violation, Deadlock, Live-lock
Required
Edits and
Defect Single Edit or Multi Edit, Local or Non-Local
Locality
(REaDL)
Defect Re-
production Approachable, Hard to Reproduce
(DR2)
Defect
Depth (DD) Shallow, Deep
Defect
Multiplicity Single, Multiple
(bm)
Z?TS;:;') Priority (High, Low), Opening (Reopening, New Opened)
Defect
Occur- . . .
rence and Legacy Software in C/C++, APl Protocols, Object-Oriented
Abundance Programs, Common to Every PL
(DOaA)
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RFA GV CcC GV C, N/A N/A N/A
Behavioral Model-Based:
AA Evolutionary Program Synthesis ) . R, N/A N/A N/A
Learning from Failures
Offline, Source | Offline, Source Code, | Online, Program State or
RS, D, N/A N/A N/A
Code, Behavioral Behavioral Flow of Control, State
RS, FL-Directed FL-Directed FL-Directed RS, | Faulty Program Itself: Fix Location Synthesized N/A
PT, |Legacy Software General Deployed Software MG Micro Sub-Structures Micro Sub-Structures N/A
PA Hybrid Hybrid Dynamic RG Simple or Composite Stati t: Expression N/A
A, Fully Aut ted Fully Aut ted Fully Automated ST, Grammatical N/A N/A
D, |Nondeterministic Deterministic Deterministic RT Composite Simple Composite
SS  |Constraint-Based| Constraint-Based Constraint-Based PT, Non-Trivial Trivial Non-Trivial
Faulty Source
I Faulty Source Program| Faulty Binary Program D, Yes No Yes
Program
DFFE Test Cases Test Cases Inferred Model P, Built-In N/A Built-In
Learned
FS No Yes No MM Test Cases N/A .
Invariants
Single-
ST, N/A SMT N/A o, Single-Objective N/A
Objective
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SP N/A Automatic Inference N/A C, Yes No No
Al N/A N/A N/A W After Patch Generation N/A N/A
Structural Differencing and Delta
0O, List of Edits Textual Patch Runtime Modifications AT, N/A N/A
Debugging
FL Yes Yes Yes ToM AST N/A N/A
Simple Weighting| Existing Technique: Monitoring to Detect ) . . Minimum-
T, . . . DoPQ Medium Minimum-Quality )
Scheme Ochiai Failure Location Quality
SE No No No AD Partial Partial Partial
Cs No Yes No MLQ Valid Valid Valid
SIFP, No No No PSE Yes No Yes
Functionality Deletion, Reduction
Runtime
SIFP, Yes No No T, in Understandability and N/A
Overhead
Maintainability
Direct
CPH Yes No No PU Direct Deployment Direct Deployment
Deployment
I, Yes Yes Yes TT Fuzz Regression N/A
T, Temporary Temporary Permanent N, @S, Y) S, Y) N/A
E No No No TSS Existing, Generation Existing, Generation N/A
Test Case Execution,
TD |Patch Evaluation Monitoring CE, No No N/A
SMT Solving
Number
Number of Runtime Number of Learned
TaSC of Fitness T, N/A N/A N/A
Trace Collection Invariants
Evaluation
Coverage of Buggy
o, Yes No Yes TSQ Inadequate N/A
Statements
Candidate
M, N/A No TS, N/A N/A N/A
Patches
RiSS N/A Simplified Trace N/A DI N/A N/A N/A
RiC N/A N/A Learning Strategy o, Existing Existing N/A
TS, Yes Yes Yes . GP N/A N/A
A, Publicly Publicly Unavailable CB Yes N/A N/A
Partially
Customized Genetic Modification
I Stand-Alone & | Partially Stand-Alone Partially Stand-Alone M, ST N/A N/A
on
Extension
D, Centralized Centralized Centralized MTC Weighted Path N/A N/A
S, Systematic Systematic Systematic MFC Anywhere in the Same Program N/A N/A
ET Combinatory Case Study Case Study C, One-Point N/A N/A
ST, Latitudinal Latitudinal Latitudinal CTC Weighted Path N/A N/A
Tournament, Stochastic Universal
DS [Systematic Search| Systematic Search In the Wild PS, ) N/A N/A
Sampling
. . Language-
DR, Yes Yes Yes LG Language Specific Language-Specific .
Specific
Small, Large, Stripped
PS, Large Large, Very Large TL C Java .
Very Large Windows xA1
Time to Repair, | Time to Repair, SMT | Building Repair Patches,
M, No. of Fitness | Level, No. of Positive | Installing Repair Patches, CT Source Source Binary
Evaluation, ... |and Negative Test Cases
EM N/A N/A N/A AM Low Low High
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AT, Hybrid Hybrid Hybrid ASV Variable Variable Fixed
C, No Yes No AC High High Low
CTaCT N/A Qualitative N/A C, AST, List of Edits N/A N/A
Whole
LE | Single Language Single Language N/A CE, Executable Statements Executable Statements B
rogram
ST, Yes No No RWS (H, H, H) (H, H, H) (H, H, H)
RR Yes Yes Yes DG General Repair Defect-Specific Defect-Specific
Heap Buffer
Typical PC:
Typical PC: Intel Core | Typical PC: Intel Core Y Overflow,
EP Quad-Core ¥ DC N/A Conditional Statements
-, i*,7+ Y GHz Duo EY,1% V.. GHz Illegal Control
Z
Flow Transfer
Deterministic,
P, Yes Yes Yes DU Deterministic, Sequential Deterministic
Sequential
S, Highly Scalable Highly Scalable Highly Scalable N, N/A N/A N/A
GE Yes No No C, N/A N/A N/A
Multi Edit,
HC Yes No No REaDL Multi Edit, Non-Local Single Edit, Local
Non-Local
0, Yes Yes N/A DR, Approachable Approachable Approachable
S, No Yes No DD Shallow Shallow Shallow
C, No No No DM Single Single Multiple
HV No No Yes DP High Priority High Priority High Priority
Legacy,
Object-Oriented Programs| Deployed
R, N/A N/A Yes DOaA Legacy Software in C
in Java Software in C/
C++
S, N/A N/A Yes
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1. Khalilian, A., Baraani-Dastjerdi, A., & Zamani, B. (2020). APRSuite:
A suite of components and use cases based on categorical decompo-
sition of automatic program repair techniques and tools. Journal of
Computer Languages, 57, 100927.
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1- Data Mining

2- Business Intelligence

3- Jiawei Han, Jian Pei, Hanghang Tong
4- Micheline Kamber

5- https://hanj.cs.illinois.edu/bk4
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14- Boosting

15- Bootstrap aggregating

16- Random sampling

17- ROC curve

18- Statistical significance

19- Semisupervised
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9- Accuracy

10- Precision

11- Recall

12- F-measure

13- K-fold cross validation
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4- ecosystem
5- larvae
6- zooxanthellae



S laahais (g el g s slaS—3 sl 4 Ul
b 5 Bl Lo B, AR 255 e 55 sloe) L
555 on pe slalali 2B e 4y, iadly S o 28,53
e wtise] syt (53l sl 5 gl 4 5o ,5boty 4l 2 oS
Sl asly I3 ol (B ire j0 a5 weildl mlas

«Fslos )5 Caw o gl o5 1aliid L o ol )8 4l 4LL Llg>

sl 1y ol Lgs)')j Aliod yo A CaS Cllxs WS L LS
5351 eaiSon e L 5 (yo Jto (e (6l il oty e 20 S
€

S (503 53 jebinl (o S g 0iS om0 1) (Ao ez Llg
«Qldilys JLoo diuon Lggx> Lo

3,5 glad 1) 0393l (53l slad > b i sl 218
2,08 e s o9z il ol S aily glas g o Su Lo g
Ll Gless 51 (525,5) @31 S (S ol e OIS0 8y
i B

€l o0 |y Walads sl Yo b 0iST ai ;S5 oy S Ul

S Bl @los S (55 (e o (2 5o S S50 o alor
g ik Glizres |0 lae € )l (559, 9 Lo 4z (YIS
Aagee 45 bl Cllenl ol calaxd ol e D e 3o L...).a.,
olo dslsl g aiS Bas i |5 il ool dx hdie—De
lalo 5 wilazd 8 ylais 511, lasloails ez, cyms 5l Lo, Lo oyl
ilos S 5 3 ol o i by 5 iles S Sl oS o o L,
o it ailee JLis &5 plaglen dagle Lo sl al g
b ailo oo 1S plomil 4y (Ko (g0 (5138 Baeg (40 55| oy
«ojls gusl Vg0 en

Wb ooy B> Cbblge  o»

yac dndb 15592 559, a5 g gl o ols aslsl |, LS
e Ao Jho .p0,8 oo ol Lla_il Su; coaS 3l sauas
S5 aol> 09,5 @di L9592 B9 0 o (ol pllai o oS00
98555, glaatge 5 ()0 Sl Yao (30,51 Cwoay 0 o5
(S gt |y 10 aisSe wialy a5 Slapsl - o 5SS |,
Ceo b ool e i~y 50 (Fasgd 50 3l Blal b oy o B
Lis o)l (oslozzl el 2ol 5 Voo (g0 )5] ey sl (6 i
Sl 5 S s i (e 85l i o
3o bl Jio glopol 4 died Loty Jio glopsl (ool aisls
€S (o0 oSS iz

L 3o 3 oyl Ysane il e Clsz 5l @dly joba o5 Ly
€095 (nl pyglaie (e —pjslaie (o M"f CiSJ (oS b og 03,55

4 Lo cpl jo lepol den a5 005 S o Lalal ¢ JoaS oils»
S s ) Gtlalisy (Pgeed dee it Lol (Ll g5
0055 ol celoed Wb e g i b 5> > SG 5,00 W
et o b e 45 g0l 035 cye 4y L p5l i

g s b (0%n gy (5t sl 19,8 0
6)#“"")5 (_gL&vu.(bLn 6[—@&& (55)).3&3@;:._35399 ooliws! lﬂlf
D¢ 0dile 0 3 waiily 13 Llgx Bl 5051 Jlgss (g9, a5

2yt o8l 4y gl a5 05y (nl 1S (sl Blg s3]

cuslo 3)')1 o S Ulg> dladl> ,o 1> don oS QT 3 e
Sl s sttty L 45 T, 1S sl o0 S 48
e el 4 099 00,

Ul b e ils e wgs (L a5 (60525 Lo 03, o |, 18
S 039y S s (3 S S s i 0 el 4 )
GSoaS 0g2g b g.0g oo Dools glay aS 0gy sl Jesdl g o
S Jb o llsr  codlw Cirsg i 535 55, AMleg  alais
Didloiz] sloasly codginns Couilyh cod o ol 095 g S Jaod
S oxe p
5 S et Lol e culy i 00Sd 4o jg 6l a5 ploai i
308155 o Loy LS 0 S 15 o 05} Sga 5 (G
g

«lay CaS (5,68

aiwles | 5 51 Llgz ¢ jin dtan «aS0 ol o5 ol 1ul5
ASS s € oS @ 1y ol [0 aS o4

S £,5 s pme oyl 5o 5 5035 0015 5 5

Cpolad (Jo8 iz e e

oS oleYge (ygen $oiS wuli 1) Coleas (Glos i 40 aSo
Syl addle oty L

> opl 31 —esias (ogo Sl caS Jpj 18
g cls 1) XR S ol €aiS o o5 o Dlkael 3l eadsl oan i
a8 5 00 bSie pl cuiy 3l palar 0,5 oK 5las | ileis
bl Ulg> b bl | o a5 allbg 1 9580« S50 a4 .adle 09
Sloys b ataly o SYgame adsi 4y aildbgls jgboay |, LS
wa@ &:9&0 ‘ab O AR ;.AS)_»; uSu (5‘)4 vo\>5)5|).: s.,\:.’ﬁ‘j
WS oy 059 pl yo ewlie
£997 s Y et 4 Sie a_tien |20 caf LS8 2
[pls S a5 285 cans € ool ablo 5o Sie a5 a5 pl gl
Wais ;o o 5uz ded L6lg» 05 0l 13 00 jcaSs o) el 4|,

Gl ol )b 1l € ouS rondiis Ll 0y IS0 asS —o»
Yl 0,5 podass Ul ao Lo yols 33 sl 1) XR e —glS

7- Augmented Reality (AR)

4w 9 SLikD g Caumny g0 [IEULINNS (UTIFSS 1y



€0, 5,V ron

S 5 i) parlT a5 SLS (sl a5 il o 1S
Pl Fp- FX YL LN W RV B Fpp-J 2 PRt ) (LE PRV,
s ol il g baaly 5l el ol sKie S wle> i wl calire
Ly 5 g e (3,5 galp sl (ot Aol Al
Pl 553w il el g T 0 5Tobas sl gslis Bol> S
a a5 Llgz a5 clls Caimg ol 5l gl 00y g 3 bl 5 ool
S a5 sy il s e g il ) les
L 0l Ulszr sl cpogy oot luas jail 59,0 5105 o0
e

LS wb e Sl a5 57 S, 551kl sladsy) (e
Slae cpllassls o su i 5 3 gemi s 4 ol 9 Sl
Sgnysd whd 4 ool i Jlo)l 08 (e Gk ln Grizren
AN o s Bl bl Al ge

a s oS eSL e 5 (Sorli O Ol o 12
S By okl 0gy alildS > 4y 095 5l Llsx as” Lilosls ol
el |, S8

I, XR Sie Llg> 510,51 01, ralan i 1,18 «lSo»
o) 5 Cmeps® B35 S Gl & Sl oo 1S 052 005 i 4
Wi e | Llg> )G g ol asils g s g0

Oled dio (59 U)‘S“’—“*’ S, slsakais jl 609,
00 piz a4 | 1pl8 Se Ulgz Lialan el by o Jlagay als
03,5 Cansyd |yl a5 1, (AR) 0538l bl ipled &,20 5 052
Gloakads 55 oS > 0 g (She pugal QB g 00,85 Sigels w05
Yo s ol b g aiidls bz o35 2 995 00 ol & (s
35 oo s LA, ()
OS¢y 0auiS S, 1ul5 el oled dxas fau0 (gl aS (565
oo Sz LT s GLLI ol 5 el dans ailiog, iz s
«F ol asls oo )

05 om 23 1y il s ol oS yo S
o OBy S S sy, See8 sloagse slae
ol 695 2 B e Slao (S50 S (50,55 IS
Llsz 595 Jlo Ylaiml a5 cils 5925 po3k g p0 oo, G oo
5045 Wkl (58 slao ]y Gl o] ( S 5l e 0y
By e 5l oyl g s plas a4l aw sgus

S S25S 0 S8 Cd S p0 g 050l 6Kl
S, Ligl 09 b (his cl 1ol (o oytept 0, s
€S oo gl 1y 3 a8 50 3925

Lo V> cpad? S g 8 5 1) 0 oS0l s w00yl [l
Ll s Uly> (s sl p a5 91.,4-@ 4 bl 395 Ly bxil o
Wasaigun Lo 4

o NEANS IS aw g obis 3 Comgo

Dilem BBl Cans s 90,8 S5 1y et GBI S 85> cpl b
Sy, KR Sise 0,5 jogal b aS &, ale b jaisl w24,

S8 50 hsS b bl (calail 2l )0 392 50) (550 S
Sy Wl Sbly (ise j0 wiyls sanie a5 Wil log dale
sl g el gy D195 5 5l e b il slage b (p 03 o
W,S i &S > Giulaly Bl ass 18 e wlss o 1l 0,5 alos
= Ll u)w»i) QL»JS M_«M‘P‘SA 09 03— RO SO Sl.clf U”"“L’ 9
ol yor oS5 320 ()1 g ol 0 i 5 5L e 5l mlas
Wb o S SG05 ol g alasd 4y adasd oS SYe plascig

d)l.w suLo...uT 999 oé; &51.&3 uL»_Q] -y u‘}} )‘ d).c J...ao 3‘
550 (505 S5 000 &5 (miglS 5| 55 4 gl 09 ol (g,
Gl 50 @ Aol et g, wls sl 4 ol o oe sl
s 5k Ml as oLl

(28, Llg> Olez 3U1 @y ol (Sl &SLlg>» o5 oo 1,8
Lo slool a5 |, ails plas a5 )1 51 o 090 B Slgseiss
1) GialoosdS Yoone Ulg> a5 ol o0 LS|, (sloads arigs s
2,5 o w38 o
Ll ke

Adigy old ey S o b Iy as Jls o1l
el ple 80Sas LS w Sleas 35 0 40 Sl yidu B,k 4 g

..\.:50

i Sl 5 3g0e 40 Ll a5 i et i ealhd ol L
Bg 03,8 S Al (Adp WS x Jaie o) 2

SIS sl caS 1pl 4 LS le Sleas 55 10 aie )5 ¢ 55
S5y sloo yadls 0,8 1 (0 (53, p &S () N LY Ll
APV ESRINT- L ETS ¥ K GPUEL S AN KWL S VL S P DX PR K
MS_ i oS JUi5 Ll a5, |, slabisd b, Bl g,
Olostzr .l w5 )0 ol a5 ol o lid Lls> (51 GPS 5S>
ol o O jmo? el Soglloles cll Sl g als olis () 65l
oo 5l o 1) K &Y

I sl 0 ded 1Y pod WY CaS 155 5 dawl o 1518
e S ol 5

oo sl by i ol ilate 5,5 o O aS sl
«Iall odd H90 digh oo jaix )‘*;)%

Aal.u so)‘..\J o..bl.‘i uo) g.B).‘>» Ly 9992 )‘)SQ_;' UL‘M ‘)_>15

8-icon



Comwgdadn slooslgls Lzl o 1) o] g 00,8 lox ylaasally ;)
el a3 b Ll Koo b (g5l ysXen sl olSgo I L g
aS ol 90,1 oyl ol ot 0l aasls- 148 Jlos jo el oyl
o b Lo ald8 3L lals o1y (5065 51 g0l olows
€8 il Byl 51 (S5 g oo yglaz e wulodal Lis 401422 Lo

0&‘95)"\'3» % L.\.’}Q l.s|5.> 5).@.?) S 05.&3‘ 9 L))'> )| 5.Lo.4 smli:
sie g5 )l Ul ot Sy (b slmpal oo 8ils5 50l
Sty S (gl 5l 20 )55 nl 505 00 S8 9 sl sl
Wi 5l am alolddy pogs ox8ly jolo 5 j0y 51 e A g0 Cladlons
3 G pog 00l S laollS Lawgi 1) 5l Lo i 5:o¢ui‘: IVERY
45 pogy LBl o3 (e o 4185 Sailesai; b a Llys oS
08 yas (S92 00 5 (soeld Cwgo BAlgS jole g oiles 0y iz A
«.'m.)u.i>

yohaz e? CaS WS Gles 1) (o glSuS cailyi ced aST 1S
50,35 0 ooy sl 3l oobj sladlow o5 anl pjslare €onanegd
«azdy oy sl kadls ol 5l Lo aS sitelas

plyoly g yoles 4y Sl & e a5 pog dx e A i (po¥
Gl oils gliie Hlid, e b dyon (595 ool cpuimad ool
Ol g gie A8 ged Lol oS Jlow pinally 5l pilss ool
P i 408 5 iy Sz (il g logS slaaz oS
Slohss I mess 2l 9) 0I5 el G155 ol b po S5
paxly oy Sy Kelul SO S

€Craal Il yleys gl K55 oL JIg» apw 1018
5o o0 A Jlaisl 4y aS ol s (5,)155% 05 o Ll ol
2 Sz 98 by YVE i slacgeme) (o9 355 (Lo pj 5Ls
)W‘ ‘) U‘M‘ JLQAAJ 9 J)yws 3).:).>4.~.» AS(S.Q‘))T ‘U"’g?" s
05 551 opagd 52l (555 it (S oo Iz 5 05 55
esdly y3le 9 5 b ipog (545 piundgd cod (e dedlyg B S5
Cpadgd sod Taozr Lhodne 092 (S

«Sepa S ol sogel )8 ¢

Bla (o 40 5loum pi 8 00,8 Sl e (hgel b caililior
0,Lgd gio egi (5,00 S aS Il L (iS SISSH ) oldly U ols g5
«als By Ceomw 05‘ a

oo oz 4z 28 ail gl 1pls

oo S loj slio pd) piizr 0] o Se e (39
395 s b Ll gy SO e o ol paus pilo—i gl
WS o0 gy ) Jo B addS S e e oo g LS 5l s
P S oz S A5 00,5 e (0 S0 e 2 0| 4 >
dxdad ol o bgd gio g oLl AL > s plbS, 0 g i 0l udd

9- genome sequencing
10- organism
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