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Summary

Optimization of security elements selection and placement in

physical security system

7KH SURWHFWLRQ RI D IDFLOLW\YV FULWLFDO DVVHWYV DJ
by implementing a physical protection system, usually consisting of intrusion detection,
video surveillance, access control and other technical systems desigietddt and deter

an adversary and trigger an appropriate physical response by security forces. In the process
of designing a physical security system, the designer selects security elements, determines
their quantity and arrangement. The goal of th@giheprocess is to achieve a minimum
investment in the system, while achieving a sufficient level of protection. The manual
selection of security elements and the subjective assessment of achieved protection levels
are the main disadvantages of today'saggh to the design of security systems. Although
numerical threat analysis methods have been introduced in the last century, which are the
basis for assessing the quality of a designed security solution, designers of physical security

systems still mostften use subjective methods to design these systems.

The large selection of security elements and locations to which the selected element can be
placed makes it highly likely that the project designer has not chosen a design solution that
is close to opthal. An additional disadvantage is the subjective assessment of the
effectiveness of the designed solution. Searching for possible solutions, suggesting
approximately optimal solutions, and numerically determining the achieved level of
protection requiresa tool that will allow a designer to design significantly faster and with
better quality. With today's development of machine learning algorithms and their
application in various fields, users will expect the market to contain many software
applications tht can perform numerical analysis of security systems and propose optimal
solutions. However, few such solutions are available today and those that do exist do provide
only limited functionalityor do notsuggest optimal solutions at the level of selecaod

positioning of security elements.

Therefore, the focus of this research is to develop a methodology that uses the definition of
a protected facility in digital form, automates the optimization of the physical security
system, and presents the setyudiesigner the set of possible solutions, where each solution
provides a neaoptimal level of protection in its price range. There are two main challenges

in optimizing the physical protection system. The first challenge is that there are two
i
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opposing gals of the optimization, the maximization of interruption probability coupled
with the minimization of investment in tiplysical protection systenThe second challenge
is that search space is changed for each proposed solution, as security elelments itife

optimal attack path, used for defining the solution quality.

This doctoral dissertation consists of five chapters. The first chapter ("1. Introduction"),

presents introductory considerations and motivation.

Chapter two (" 2. Numerical methofts assessment of vulnerability to intrusion™) defines
methods to numerically assethe probability that an adversary will be detected and
intercepted before reaching the target. The basis for numerical assessment is a probability
function that an adveary would be detected and intercepted before reaching the target. The
probability that an adversary will be detected during movement to the target depends on the
skill of the adversary and the implemented security elements. The movements of an
adversanand security forces can be described as the normal distribution so that interception
probability depends on the location where an adversary is detected and can be expressed as
a probability that the time it takes the adversary to reach the target, fraomothent of
detection, is higher than the reaction time of security forces. The adversary usually has a
great number of possibilities for moving to the target. This chapter presents various methods
to find the optimal path for the adversary, also knowhascritical path, that gives the
adversary the highest probability that his attack will be successful.

2QFH WKH QXPHULFDO DVVHVVPHQW PHWKRG LV GHILQHG
WKH SK\WLFDO SURWHFWLRQ V\V WleshhumeriQai\aksBsGmeRttby D PR
describing the adversary, the security personnel, the facility that is being protected, and the
available security devices. Currently, facilities are typically designed with software solutions

that define all facility details istandardized digital form, so that each element of the building

and surroundings is defined as an object which has a given position in space, shape,
dimensions, build material, and interdependence with other elements in-dithezesional

space. The oveiew of the standards that describe indoor and outdoor building architecture

as a data model is givesuch a definition makes it possible to automate the transformation

of a description into a format suitable for optimization. Manually describingrtitegbed

facility is time-consuming, so the methodology for automated transfer from standardized
geometric models to the proposed protected object model is presEnéetost element

model is presented to define properties of protected facility elensmtl, as geometry,
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materials, and neighboring elements. It also defines if the host element may be used as a
starting point of an attack or presents the attacking tafppet.adversary model defines a
sneaking level, movement abilities, and available tddisvement abilities are dependent

RQ DYDLODEOH WRROV DQG PRYHPHQW PDWHULDO DQG Gt
security personnel model defines the security force's reaction time, neutralization capability,
and communication probability. Thecseity element model defines detection probability,
blocking time, price, coverage measure, and security element placement. The next step,
based on the above information, is to perform automatic geometric transformations that
create a model of possiblevasary movement. Different methods for creating a graph of
possible attackers' movements are described. Graph nodes present elements of a facility that
may be used for adversary movement and graph edges depict available paths between them.
Such a reprentation of a protected facility and adversary may be used for automated

optimization.

Chapter four ("4. Optimization of security elements selection and placement in a physical
security system") presents the method that automatically optimizes the dieaighysical
security system. Singleriteria and multcriteria functions are compared, and due to
multiple advantages, the multtriteria method is chosen for further elaboration. The
selection and placement of security elements are optimized bytiewalty algorithms that
perform stochastic optimization methods by simulating evolutionary processes in nature.
The standard evolution process is extended in this research with optimizations that speed up
the search for quality solutions and avoid unne&gsevaluations of proposed solutions.
Hybrid optimization reduces search space and proposes initial solutions that speed up the
search for quality solutions. The automatic creation of an adversary's possible movements
creates a graph with nodes thairesent all possible movements. However, there are nodes
among them that will not belong to any optimal path of adversary's movement for any
proposed protection solution. Such nodes and associated edges can be removed from such a
graph without affectinghte quality of the solution and removing them reduces the search
space. Graph elements that are unnecessary for optimization can be found by continuously
finding the critical paths and placing all available security elements to nodes that belong to
found citical paths. Such an algorithm can stop searching if there are no new nodes found
in the last search for the optimal path. All nodes tizae notbeen touched may be safely
removed from the search space. Optimization of the proposed model carobm@edsing

a genetic algorithm whereby the initial population is generated by random binary vectors.
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Each bit represents if a certain security element is applied at a certain node. An
understanding of the search domain allows for the creation of & pupulation that gives

the algorithm a greater probability of finding negtimal Pareto front solutions for a given
number of iterationsThe placement of security elements affects their effectiveness. A
detection element positioned closer to thetsth the attack has greater efficiency than
positioned closer to the attack target. Placing a blocking element closer to the target of an
attack has a greater impact on the probability of an attack being stopped than a blocking
element placed closer toe beginning of the critical path of attaBlased on this knowledge,

the proposed optimization method adds a few individuals to the initial population that differ
primarily in the price range of the proposed solution. This approach avoids that the gropose
solutions cover a narrow segment of the search space. The method creates individuals with
a focus on three sets of movement nodes: the initial, adjacent to the target node, and those
that belong to multiple critical pathBetection elements are placediaitial nodes and
blocking elements are positioned at nodes adjacent to the target Addegprotection of

nodes that are members of multiple critical paths is effective because one security element
affects multiple critical paths. Suggesting initralividuals reduces the number of iterations
required to find qualitynearoptimal solutions. Evolutionary algorithms propose solutions

and require the evaluator to evaluate the quality of each of solution. The proposed solution
contains a set of sectyielements that are placed at the construction elements of a protected
facility and possibly affect the movement of the attacker. For each proposed solution, the
evaluator modifies the search space, finds critical attack paths, and calculates the cost of
proposed security elements and interruption probability. Such an optimization process
requires a large number of changes to the search space and the search for critical attack paths.
Introducing an algorithm that avoids unnecessary changes to the Sgacerand calculates
critical attack paths reduces the number of optimization iterations required and consequently
shortens its execution time. The introducedthodtakes into consideration knowledge
acquired during searches to avoid unnecessary catmdatBecause of the way it works,

this method is named Domain Experienced ExploratioliX2). The main concept is to
check if the intersection of known solutions and the proposed solution is an empty set. If
placing proposed security elements doesimpact an already known critical path, then
there is no need to calculate the critical path. An algorithm returns the previously found
solution. If there is no knowledge about proposed security elements placement, then the

algorithm will update searchpace, find critical paths, calculate solution cost and
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interruption quality, and add it to the list of found solutions. As the number of evaluations
Is increased, EEX2 knowledge expands and the requirement for new calculations is
reduced. The EEX2 mettod can be used in parallel by different evolutionary algorithms to

reduce the number of evaluations and shorten the time of the optimization.

The experimental results of methods outlined in chapter four are presented in chapter five
("5. Experimental restd"). Empirical experiments were carried out over -reaild
facilities representing a standard commercial building and a-dagtrity facility thus
employing optimization methods at different problem sizes and facility layouts. The first
set of experirants has shown that the method for optimizing the graph of possible adversary
movement, by removing facility elements that will never belong to the critical adversary
path, significantly reduces the search space, up to @5f.second set of experiments
compares the number of evaluations carried out by evolutionary algorithms with and without
the DEX2 method. Multiobjective optimization was conducted using +tmminated
sorting genetic algorithm NSGA. The optimization result is a spread of solutioesr the

true Paretepptimal front. Numerous experiments were performed with different parameters
of genetic algorithms to determine the dependence of HiX®D method optimization
efficiency on the evolutionary algorithm population size, number of gemesatand
mutation probability. Experiments have shown that a higher number of generations increases
D-EX2 efficiency as continuous algorithm execution builggsD-EX2 experience while
mutations slightly decrease method efficiency in some cdifferentfacility layouts used

for experiments had shown that theEX2 method results in better efficiency at facility
layouts with a higher number of possible entries. Forweald facilities, the DEX2
method avoided up to 75% unnecessary evaluation catmgatin the third set of
experiments the initial population was populated using domain knowledge and the quality
of results was compared to the standard implementation of evolutionary algorithms where
the initial population is created randomResults have shown that populating the initial
generation with few individuals, based on domain knowledge, produces better quality results
no matter which genetic algorithm parameters are used. An additional advantage is that the

results are uniformly deersed on the Pareto front.

The presented methods provide an automatic search for a set of solutions, where each

solution presents a neaptimal security system for a given price range while avoiding
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unnecessary calculations. Using domain knowledge alffomthe discovery of neaptimal

solutions with fewer evaluations compared to standard evolutionary algorithms.
Key words:

domain experienced exploration methodER2, numerical analysis of physical protection

system, multiobjective optimization, getie algorithm
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1. 892

1.1. Uvodna razmatranja

B8RELpDMHQ QDpLQ |1D&AWLWH aWLUHQRJ REMHNWD MH LPSO
sastoji od sustava protuprovale, videonadzora, kontrole prigtbp@ URL]YRYDpPpL RSUHPI
WHKQLpPpNX ]JDAWLWX X6 ihKifadvd X WBIQ & DUGREDPIMH NDNR
interoperabilnost sustava@ HOLND VX XODJDQMD SURL]JYRYDpPD X SULP
X VYUKX SRYHUDQMD XpLQNRYLWRVWL SWpHDIBNXOEERQ RI VXV
digitalizacije ne samoV XVWDY D |\W BWQMAPNEbvNih i industrijskin procesa
uglavnomzaobilazi projektiranje sustavé/ H K QQ DENVH.DWR VX MR&a X SUR&AORP
SUHGVWDYOMHQH PHWRGH QXPHULpPpNH DQDOL]JH XJURAHQ
SURMHNWLUD@QR/ LWMNHSHRMBNWYDQWL VXVWDYD WHKQLpPpNI
subjektivne metode z8 URMHNWLUDQMH VXVWDYD |DaAWLWH

1D RVQRYX VWHpPHQRJ LVNXVWYD SURMHNWDQWL RGDELU
LJERU ]DAWLWQLK HOH Pd¢ @daimabi elentRiNrBogl poSav@iPpriddrdse
YHOLNRM YMHURMDWQRVWL GD SURMHNWDQW QLMH RG
optimalno. Dodatni je nedostatak sublelPpR SURFMHQMLYDQMH XpLQNRYL
UMHAHPQMW UDALYDQMHAEPBMAIGRDUDQMH SULEOLAQR RSW
QXPHULPNR RGUHYLYDQMH SRVWLNRMVHIH DS UG M H N SWDLQMHX
]JOQDWQR EUAH L NYDOLWHH/@LAHME URDM N W LIRDIDWHE VKPR D |
njihoveprimjereura] QLP SRGUXpML WL KIPHNXKBRWMXSQRVW YHUHJ |
UMHEAHQMD NRMD SURYRGH QXPHULPpNX DQDOL]X VXVWDY
OHYyXWLP WDNY,lpKpuvEStimatd BfaAdv@nsedy Sequence Interruption (EASI),

Forcible Entry Safeguards Effectiveness MofESEMN), Insider Safeguards Effectiveness

Model (SEM), Safeguards Automated Facility EvaluationAfE), System Analysis of
Vulnerability to Intrusion $AV) ili Safeguards Network Analysis Proced(&NAP)[1]

1



1. Uvod 2

PDOR L QH SUXADMX SXQX IXQNFLRQDOQRVWL QLWL SUHG
SRILFLRQLUDQMD ]DAWLWQLK HOHPHQDWD

Osnovni preduvjetza automatizianu provedbu opisanog optimirang@ standardizacija
RSLVLYDQMD VXVWDY DBWDHXCODWERP]|EAWYMWHGUHGLR QDpl
XPpLOQNRYLWRVWL SURMHNWLUDQRJ VXVWDYD |]DawLWH
NRMLPD VH SURMRGXpKQNRYLWRYW ]DAWLWQLK HOHPHQD
GHWHNFLMH QDSDGDpD Standartidir&hrrbdi® COBADLIYW B MLDXPpLQNR
]DAWLWQLK HOHPHQDWD] ®Ip{icuNe adabirtdi poRididhRavijul DaAW LW QLK

elemenata.

1.2. Motivacija

AQDOL]D XJHW &HRP® R pwRragiMdasbdbjEkiivnom metodom. Projektant odabire
RSUHPX NRMRP UH |DAWLWL aWLUHQL REMHNW L LJ]YHGEHQ
definira na koje pozicijga oprema treba biti postavljenaTakav pristup stvara veliku
PRIJXUQRVW SRJUHAQRJ RGDELUD UNMH avw@rsda jeraaviiDaL YH
PHWRGRORJLWNRNRMW LUMWAL GHILQLFLMX a&WLUHQRJ REMHNMW
QXPHULpPpNH DQDOL]H XJURS&WQ R VWD QMBI XWXR/R\DDWLD LD B W L VR
preda& projektantu odabir opreme i njeno pozicioniranje unu@W LUHQRJ REMHN
OHWRGRORJLMD PRUD SURMHNWDQWX SUHGORALWL YLat
razlikuju po cijeni i kvalitetilz skupaSUHGOR&HQLK UMHAHQMD SURMHNW
koje najbolje odgovara zahtevimaSRWUHEDPD L ILQDQFLMVNLP PRJIXUQI

1.3. Pristup i doprinos

2SLaX OL VH aWLUHQL REMHNW L GRVWXSQL HOHPHQWL ]C
metodeoptimiranjaX VYUKX SURQDODVND VNXSD SULEOL&QR RSWI
elemenata 6 SHFLILpQRWWI REREEPHPDQMD MH GD VYDNR SU
zahtijeva ponoviX L]JUDGQMX SURVWRUD SpidisazbRoptinvabi@ MD L Y
putovanapada 6 WRJD VX LVWUDAaHQL SRVWXSFL NRML X]JLPDMX
XEU]DYDMX SURQDOD]DN NYDOLWHWQLK UMHaAHQMD



1. Uvod 3

Jedan od dprinosa ovog rada jezrada modela sustdy |DAWLWH QDG NRMLP VH P
RSWLPLUDQMH SR]JLFLMH L YUVWH |DAWLWQLK HOHPHQDWI
YHWIMHOHY QOD|PEGDLIWD |DAWLWQL SFOHPHE DML X ESX)PGRQ M
IXQNFLMH XJUR a StqQ/R vakemelju FeziNtataQuiprethddnim iteracijaniaL PH V H

LJEMHJDYD QHSRWUHEQD S U Ribridra EnBtotYoptithXabj& snviuijuje) M H & H
SURVWRU SUHWUDALYDQMD EH] XWWMBNMXNMD X R BN Y D OLS\HH
GRPHQH BUSRHPOGINVQD UMHAHQMD NRMLPD SURFHV RSWLPLU
PDQMHP EURMX LWHUDFLMD X RGQRVX QD NODVLpPQH SUR
VX L SRWYUYyHQL NUR] HNVSHULPHQWH SURYHGH@®@H QDG P

1.4. Struktura rada

U poglaviju koje slijedi GHILQLUDQD MH QXPHULpPND PHWRGD ]D
3UHGVWDYOMHQR MH QD NRML VH QDp XY SIKPHUR D SIURREH
QDSDGDPBDGDPX MH RELPQR QD UDRSROFDNIHWYK YRIQEN MEH
GR FLOMD 6WRJD VX QDYHGHQH PHWRGH NRMLPD VH QD |
NUHWDQMD QDSDGDpD L RGDELUH NULWLPQL SXW QDSDGE

za uspjeh u napadu.

8 WUHUHP SRJCOD/YOOMHXQ SMH GRBWMHNWQL PRGH® sMRQFHSYV
komponenteP RGH O QDOS8d31® [ThaeW LD\eogdlewiepa L a Vodabeklan 5XpQR
RSLVLYDQMH aWLUHQRJ REMH N WeDpredstavlerbQrivebdolddild ] D KW |
automatizirang prijenosgoodataka oa WL UHOQIRYM YLQL L] VWDQGDUGL]LUDC
PRGHOD X SUHGORAHQL PRGHO AWLUHQRJ REMHNWD 8]
RSLVXMX RWYRUHQL L IDWYRUHQL SURVWRUL RSLVDQH
QDSDGDpPpD

8 @vrtan poglaviX GHWDOMQR MH UD]JUDYHQD PHWRGD RSWLPL
elemenata, koja sprovodi DXWRPDWL]LUDQR X]JLPDMXiUL X REJLU V
SRILFLMH ]D SRPBANVS BN HYBI®BIGWX MHGQRNULWHULMVND L Y
optimiranjjk. D ]JERJ YLAHVWUXNLK SUHGQRVWL ]D GDOMQMX
Y L& H N Wlniétddd bpdrditdnja =D SURYRYHQMH RSWLPLUDQMD SUF
dologija LJUDGH SURVWRUD SUHWUDA&LY D erMa2aria]jeREnjeHaN W Q R J
HYROXFLMVNLK DOJRULWDPD QD GRMDRYWHRYR P]DSWHRW GD



1. Uvod 4

programiranje nije primjenjivo za ovaj problenyvedeno je nekoliko metoda optimiranja

koje su nadogradnja standardnom optimiranju evolucijskim algoritmimpedstavljaju

doprinose ovog rada 3AULND]DQ MH DOJRULWDP NRMLP VH VPDQN
QDSDGDpD L]JEDFLYDQMHP HOHPHQDWD JUDID NRML QH >
poVWXSDN XEU]JDQRJ LJUDPpXQD IXQNFLMH XJURAHQRVWL |
LIUDpXQD X SUHWKRGIQPPW RGN NRMWD SBDHGODAaH SRpHWQ
DOJRULWPX D QD RVQRYX NRMLK DOJRY krsfuDpegh8li@ VW LA H |
SULND]DQ MH FMHORNXSQL SURFHV RSWLPLUDQMD RGDEL

Rezultati eksperimentiranja predstavljeni su u petom poglavlju. Provedeni su nad objektima

NRML SUHGVWDYOMDMX XRELpDMHQX S ROptihRaXj©gtafhl UDG X |
PRIJXUHJ NUHWDQMD QDSDGDpD SURYHGHQR MH NDR SUYL
iskustvenim evaluatorom testirana $UD]OLpLWLP NRQILJXUDFLMDPD JU
konfiguracijama genetskog algoritma kako bi se utvrdila ovisMé XpLQNRYLWRVWL R
R YHOLpLQL SRSXODFLMH EURMX MHGLQNL L SRVWRWN X
LIYRYHQMD RSWLPLUDQMD QD WUHQG SRYHUDQMD XpLQNR
SLQLFLMDOL]DFLMRP SRS XshdyRhakiai NKRD DI \WHQWDHP HG R® W D W\
MH VD VWDQGDUGQLP SURYRYHQMHP HYROXFLMVNLK DOJF



2. 180(5,y.( 0(72'( =$ $1$/,=8 8*524(1267,

21. 3URMHNWLUDQMH VXVWDYD |DawLWH

$QDOL]D XJURAHQRVWL RVQRYD MH ]D SURMHNWPRJUDQMH L
BRELPDMHQR VH SURYRGL VXEMHNWLYQRP PHWRGRP SUR
PDQMH VUHGQMH LOL YLVRNR UL]JLPpQLP uvelil2iwsDo SURFM F
kategorizaciji koy korist projektant. Mala zastupljenost alata za automatizirano

RGUHYyLYDQMH YMHURMDWQRVWL |[DXVWDYOMDQMD QDSD
AWLUHQRP REMHNWX JODYQL VX UDJOR]L ]D L]JUMGX SURN

procjeni[1].

2VQRYQL UH]XOWDW SURMHNW Dr alenesan ¥ Y\WigtddanicpaN H 1D & W
i protuprovalnih detektoraodabir pozicija na kojees HO H P H Q WosthMjajw tew H
uspostavalV MHO HVIQRIMD a&WHL R$IUHPOMHQD L HNLSLUDQD GRYRO
WLSRYD QDSDGDDpPD SURMHNWRP VH GHILQLUD L QDpPpLQ N
dojavljuie WM H O H V agaviaRudnal3] W L

SURMHNWLUDQMHP VXVWDYD WHKQLpNH J]D&AWLWH &aWLuUH
QDSDGDpPD V RGUHYH@RIPONMNUWRIDW QRAMMWDYD WHKQLpPpNH

kao

2, L 2@ (2.1)

SUL pHBXjeMjtnost XVSMHAQH QHXWUDOL]DFLMH QDSDGDpD >
vjerojatnostX V S MyiréeRarg Q DS D, GVFOPR&AHPR SULND]DWL VOMHGH

2L 2y @, @ (2.2)
gdieje2, YMHURMDWQRVW GD iH QDSDGDp ELWL RWNULYHQ |

do cilia. 2 ,predstavlja vjerojatnost da je komunikacija dostupmneenutku detekcije kako

5



2|]1XPHULPNH PHWRGH ]D|DQDOL]X XJURAHQRVWL 6

EL DODUP E L RNVMUHROWHO/IQBKG &NED &\ IOW MpQKrnpiia ANakbn/detekcije
QDSDGDpD SRWUHEQR MHEHMHHXWHDRNMDNW B &M WQRERS/DAGEHWLL W L
Q D S Dsije pdgo stigne do cilja.

IOMHURMDWQRVW @HRHNAEL R H D@WI.MNGEDLD H O hh&dbjekl LPD SR\
NRML VB RWLW.LR SROR&ADMX JGMH MH QDSDGDp GHWHNWL
vremena 6 NRMH MH SRWUHEQR QDSDGDpX ]D VWlopbd®MH GR F
na vrijeme reakcjieWMHOHV @H &L HOWIL \\Muté VaztlikaHa e vremena bude

pozitivha.

6y F 6P (2.3)

Vrijeme kretanja i savladavanja preprekbH VOXpDMQD YDULMDEE&@DBNNDR L Y
] D & W bpMéije se normalnom razdiobopa ova pozitivna razlika6, F 66 PRaH ELWL
LJUDAHQD YMHWHRWD@NHR RAXSDGDpD aWLUHQLP REMHNWRP

odnosno zaprekd&pje mora savladati za stizanje do cilja, kako prikgzlija 2.1

Slika2l .UHWDQMH QDS h&AajdikeUD]ORAHQR

Vrijeme potrebno za savladavanje zadatk@® RaH VH S U Lay Drij@nd potieng za
GROD]DN RG SRMHGLQH ]DSUHNH GR FLOMD PRaH VH L]JUD]
od zadatkaklo cilja
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GevL | GA (2.4)

SUL pHRkupdribroj zadataka.
Zadatak <yza koji vrijedi 6, 4R 63 6,.4.5. 06, SUHGVWDYOMD NULWLPpQX WRE
QDSDGDpD MH QDNRQ VDYODGDYDQMD WRJ |DGDWND YHC
vremenu odWMHOHVQH |]DAWLWH
Vjerojatnost 2= ¢a je 6: gP 64 MH RGUHYHQDL VSIRYAJ AILQRRXOMH JXVWRUOH
QRUPDOQH UD]GLRBEHF 6 PSrR@&A XpMX RG

1 A A

ol G FGBPrEQ; Lz—— A O®c P 2.5
2 6:oF 64 P raQ :Qd‘/lé ° @ (2.9)

SUL pHQ® XtaMlErdnaelijacija razlike preostalog vremenaremena dolaskgelesne
] D & Vstawdardna devijaci@ gRGUHYHQD MH L]JUD]RP

QuL ¥@:6:5 E G: 6a; (2.6)
gdje su

- Q:6: #standardna devijacija preostalagmendakod detekcije naom zadatku,
- Q6 tVWDQGDUGQD GHYLMDFLMD YUHPHQD UHDNFLMFE

Vjerojatnost X V S M HSEWQHRIU H W D Q NIG QDS VG D@ EméXatad putlD v
QDSDGD U D pvezanavjerdiatmosrRema izrazu:

a »5
2L 25252, E1 22,5 @ ksF 2,250 (2.7)
g6 Y@

1D WDM QDpLQ ]D VYDNX SXWDQMX NURHRNBE QN DSDGD({

vjerojatnost zaustavljanja.
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22. TUDAHQMH NULWLPQRJ SXWD QDSDGD

1DSDGDpX VH RELPQR SUXAaD YL&H SR]JLFLMD V NRMLK PRakF
SRPHWQX SR]JLFLMX QDSDGD SULLNRHWIDRWLXP RIEHMWIN \8 R W/ B
prema cilju napada ELUDMXuL RQDM SXW ]D NRML RiojdtNostM H GD |
XVSMHa&aQ R \&W(da j@itsebr®d Rasku Q DS D G D p X SRPMHMKZG hapada

S U R Q Dzalkofj&X Wérojatnostpresretanja2znajmanja. Onaj pXW NUHWDQMD QDSD
koji je najmanja vjerojatnos2aGD UH QD SIDEZMMNWBEBYWMHQ QD]JLYD VH NUL

ORIJXUH NUHWD G RAHDPEBEE RGMMBUHQLP WHaLQNV FMRXRDIRP
SUHGVWDYOMDMX |[DGDWNH NRMH QD SJwezeibgoveid KaknGDYD S|
EL RSLVDOL PRJIXU®RE ¥elLpriNjéjiuWzjktridst detekcije i vrijeme
]DGUADY&eaMdvrijeMe potrebno za prijelaiz jednog p Y&RWdrugi. 7UDAHQMH
NULWLPpQLK SXWRYD QDSDGD VWDQGDUG,@apRtapy@ithiaU LW P L P
Dijkstra[4]sa VORAHOME{iXYUHPHQVNL MH SUHIDKWMHYQR QDG Y
8 SURFHVX RSWLPLUDQMD VXY RDBXWDaW|YWB LWWHD J B QWyH
element u svakoj iteraciji optimiranj@ W R U H ] X O Wrh algoritmp¥\RL Bl H/QdGD N UL W I
putaVWRWLQDPDL®WILWX@EMN SXWD

PRGHVDQ GDMI NWULBDAL P Grafk MIHX\WRXDLVWLpjErLse nfrlbW RGD P L
SURYRGL XVPMHU BR R VSURMWOWD AG ¥ M@ VKHAXWD &/MAN N HR B W IRI
puta kroz grafMH YRYHQMH SUHWUDALYDQMD SUHPD FLOMX NR
znanp. ORaH JD VH SUHGVWDY LW L Dkofh X\ kovh\starhuSpRdeliu Q N FL M R
procjenu udaljenosti od tog stanja do ciljnog stanppHVWR NRULAWHQ DOJRULW
QDMNUDUOHJ SXWD L]JPHYyX pYRURYD JUDID KHXUEZVWLPNRF
algoritam A* vrijedi da je optimalan ako je heuristtdR SWLPLVWLPpQD RGQRVQR
ako za svako stanj@rijedidajeD:Q Q¥*Q SUL p HPXprslE cijena stanjaio

ciia[7. $OJRULWDP $ SULPLMHQMHQ X £|) tisnakopifjdradijiuL WLpQ
L]IYRYHQMD ]D G D O M QiriiHskpa ditivbilp M R LBRADDRIMa ngmanju,

do tog trenutka,Y MHURMDWQRVW S BiHZAtint] YWUOLE@ Wi BI GMD)XSND XL BLH X U L
VYDNL QMHJRY VXVMHGQL pYRU NRML MRa&a QLMH SRWSXQ
SXWX GR FLOMQRJ X] SUHWSRVWDYMRXY GOFIVHMQRS DIGORPJ D
maksimalnom brzinom i direktno k cilu7LPH VH QH SUHFMHQMXMH PRJXut
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RG SURPDWUDQRJ GR FLOMQRJ pYRUD L SUHWSRVWDYOMEC
PbLPH VH RVLIJXUDYD RSWLPjedf i jeD@RYMOKHXULVWLNH MHU

IHNROLNR MH PHWRGD NRM Higtith®D JRIDPDM R QRPUAD ¥ DQ
LVNRULAWDYDMXiL YLAHSURFSHWIRYMRN B HKLODHNM XW BB B
L]JUDpXQD EH] VLQNURQLPPFLMH NUR] GX4L SHULRG

%UaL SURQDOD]DN RSWLPDOQRJ SXWD NUMBSWBQNMD ALWYD A
LIYRGH RG SR pHW®&&CG|In fesn@aMitQorodp Y dvakoje algoritam analizira

kretanjem kroz graf Primjer je metoda NBA1 kojoj dva proce® WUDaAHQMR GLMHOH
NRML YPRU®DYHVWIODAHWRGD 1%$ VH L]YUADYD QDL]PMHQI
cilinog pYRUSPMHVWR QDL]PMHQLpPpQRJ L]paRgR QMO Y BA PoYSD QW
1%%$ NRULAWHQMHP B bhéntovjaHl N WDAjéljéhjeGréurshG i deqo je na

PLQLPXP NDNR EL VH SRVWLJOH GREUH SHUIRUPDQVH L]YI

UsporedbaK HXULVWLPpNLK SUHWUDJD RISWRESRME W &I W D RYAU 5
b Y&12] pokazuje dalvostrana pretraga rsnanjujeX VYLP VLWXDFLMDPD EURN
PpYRUYD JU 2d beké grafovs RVWLAH VODELMH UH]XOWDWH X RGQR
$O0JRU IMaGED id the Middlé [13] uvodi dodatne uvjete za biranjp Y d&v& kojima
JDUDQWLUSUGIW WBAYMDQMH R G [SYRrdiesl @arsckdini pprivhblizog R J

puta EH] QHSRWUHEQRYGRRERUHWUDALYDQMD
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2VQRYD ]D QXPHULPNX DQDOL]X REMHNWD L RSWLPLUDQ]
WMHOHVQH ]DAWLWH £DREXMW RRDWN RMID @ MH\RSWY.D REMH N
PRUD ELWL RVPLERMRIXIWDNRHXIDPDQMH SRGINWDND L]
JHRPHWULMVNLK PRGHOD i]@voreSik ProsdiaQOd hodelbBugtdval Q D

1D & WIHWRIp HN X M lopi6\RnjSRe€BapsY RMVW Y D n@ PB D)XGIDPMVWL NUHW
prostoromL XpLQNRYLWRVW HOHPHQDWD ]DAWLWH

U ovom poglavljuopisanisu sWDQGDUGL]LUDQL JHRPHWULMVNL RSLVI
koriste u procesu projektiranja objekata i mogu se iskoristggredstavljeniP RGHO aWLUHQR
objekta kojim se opigu unutarnji i vanjski prostor,3UHGVWDYOMHQLP PRGHORP
opis tHOHVQH ]Daw LWHodhosQ DaSIRY D\iRdddt dbjektnog modeliranja

N R QFHSW[B| [I2h 9dje WiHelementi detekcije i elementi blokiranja predstavljeni
zasebnim klasama, u predstavliensmP RGHOX RQL REMHGLQMHQL X NODV
Bitna je razlika daseovim PRGHORP X] RSLVLYDQMH aWLUHQRJ RE
napadd pD G HhoQel BR JKikidtanp QD S D taDopm se YUFLEAHNULWHULM!
optimiraneRGDELUD L SRJLFLMH |]DAWLWQLK HOHPHQDWD VXVYV

3.1. ORGHOLUDQMH aWLUHQRJ REMHNWD

Za povedt QXPHULPNH DQDOL]H XJURAHQRVWL REMHNWD L
1D & \WdgWd&hRSLV AWLiIH@®@RURENGMWDHDYRURYL SUHGVWDYOMI
objekta, aveze PRJXUH SXWRYH NUHWDQMD ORGHOLUDQMH
transformaciX LQIRUPDFLMH R IL]L[sR&3A).REMHNWX X JUDI

10



2EMHNWQR PRGHOLUDQOMH NRQFHSWD JDAWLWH 11

Slika31 3ULND] awWLUHQd REMHNWD JUDI

6YDNL HOHRH@WIAREMHNWD NRML PRAH SRVOXALWL QDSD
X RE]JLU SUL L]UDGL JUDID 8 WR VSDGDHi2élavtd &/ D S UR]
QDSDGDpH RSUHPOMHQH GRGDWQLP DODWLPD SRWUHEQF
zidove, podove, stropoyegrade,N U R YLL &aMDRabs@uRbbziruzimaju i takvi elementi

objekta.

Slika32]SULND]XMH RVQRYQH NRUDNH X WUDQVIRUPDFLML RE

PRGHO NRML RSLVXMH RGDELU L SRIJLFLRQLUDQMH ]DawLV
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Slika32 8SRUDED VWDQGDUGL]LUDQLK PRGHOD ]D RSLV RSW

Prvi je korak preuzetiJHRPHWULMVNL RISLWHRBDQ WH.YINQH RSLVDQ
standardiziranih shema, opisanih u daljnjem tekstm.Y UVW X SR]JLFLMX L YHOLDpL
HOHPHQWD SURVWRUD SUHX]LPD VH SRGDWDNinRsePDWHUL
SRGDFLPD SRSXQMDYD PRGHO REMHNWD |]D QXPHULpPpNX D
VYRMVWYD QDSDGDpD SQRVRGH BHR R HWRWLLIMP\DN M HWLL D D y X
IMLPH VX RSLVDQH SR]JLFLMH pYRURYD N&&Kbjingalstl GVW D Y ¢
GHILQLUDQL PRJXuUL SXWRYL NUHWDQMD .RPELQLUDQM
]DAWLWQLK HOHPHQ D WML HWWUYCDAUW. Y D\DHV (8 U R ¥ SWRIUP LU D Q M H



2EMHNWOQR PRGHOLU

DOMH NRQFHSWD |DaWLWH

13
SURGALUHQMH SRpHWQRJ RSLVD JUDYHYLQH GRGDYDQMHP
QMLKRYD NROLpLQD L ORNDFLMD SRVWDYOMDQMD

31.1. 5XpQR RSLMYUYPOW ID]LQH &WLUHQRJ REMHNWD

8 SRpHRIWVBDQXPHULPOH]D XJURWHOQOPHRYWREMHNW VH PRGHO
tijeka napada gngl. Adversary Sequence DiagrarASD) na osnovu kojeg se mogu

LJUDp X\QUDLWVIL p QL S KLBY. RPYOcesPIRSTHADLUDQMD RpHNXMPQRG NR

GHILQLUD GLMHORYH &WGDi HQRSIRBE M HOW ) Q MiRBEINH FMH
slika 3.3

(OHPHQWL &WLGIHQRJ REM HaNS\ROG GXIP ML UTPNHY XV N RN
SRVWDYOMDMX ]D&WLW Q Helehiti Ketania iN @ MPIHDNV I/ A B &\& W\ M
povezuju pLQH U X iIFRBXWRYH RXPBOWD@MDQLUDQMH VYLK HOH
]JDKWLMHYD YHOLN DGIDYPDRESURRMNYMPVREMHNWD SRM
SRVWXSDN pLQL PDQMH SUHFL]QLP X RGQRVX QD QRYLMH

Slika 3.3 Modeliranje dijagrama tijeka napalaeuzeto i8]
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3.1.2. GeometriMVNL PRGHOL RSLVLYDQMD JUDVHYLQH

*UDYHYLQH VH GDQDV SURMHNWLUDMX UDpXQDOQLP DSOL
X GLILWDOQRP REOLNX ,VSUYD MH SURMHNWLUDQMH UL
PHPX MH NRULAWHQMH ¢ DHiikoQadj® Dbjekta.U IIahjRn Baky/BjéH

DSOLNDWLYQLK UMHAHQMD SURFHV VH XQDSUMHYyXMH SD
VH VYDNL HOHPHQW JUDYHYLQH GHILQLUD NDR REMHNW 1|
GLPHQ]JLMH P D Wishbost Mdst@link elBriepiiid u trodimenzionalnom prostoru.

7DNDY |DSLV RPRIJXUXMH DXWRPDWL]JLUDQMH WUDQVIRUPD

3UYL UDGRYL NRML REMHNWQR RSLVXMX PRGHO JUDYHYLC
SUR&AORJ NGVROMADY pHVWL SULWORER RRIBNDWWDDKRMXNRU L
Building Information Modeling(BIM) procesa|[17] "'LILWDOQR RSLVLYDQMH
IXQNFLRQDOQLK NDUDNWHULVWLND REMHNWD RPRJXUXM
SURMHNWLUDQMD SUHNR L]JJUDGQMH GR RGUADYDQMD L
SRWYUYyHQ MH L XYRWHOMHP VW IIRy@iDAtiGhand digitization

of information about buildings and civil engineering works, including building information
modelling (BIM)-- Information management using building information modellingeke

od platformi za upraviljge BIM procesima su Allplan, ArchiCAD, Revit i Vectorworks.

%,0 SODWIRUPH NRULVWH UD]JOLpLWH IRUPDWH LQWHUQI
razmjenu podataka razvijen je otvoreni, internacionalni stantatdstry Foundatin
ClasseqIFC), registrian pod ISO 16739 8] ,)& QDpLQ RSLVLYDQMD JUDVYH
zastupljeni geometrijski modeli CityGML i IndoorGML.

3.1.2.1 Industry Foundation Classes model

IFC shemaopisuje BIM entitete u obliku klasa&/ S UL S D &tilibhinda) Infetocma i

odnosma. Shema jgasnovana n@@ DVOMHYLYDWEKGNOPY XYRYHQMH GRC
HOQWLWHWD aWwR RPRIJXUXMH QMHQX SULPMHQX X UD]JOLpL)Y

Slika 3.4|hijerarhijski prikazuje klag IFC modelaNRMH VX JODROEMQAN DQMH IL]

LIYHGEH SURMHNWD X VYUKX SURYHGEH QXPHULpPpNH DQDC



2EMHNWQR PRGHOLUDQOMH NRQFHSWD JDAWLWH 15

Slika3.4 KlaselFCmodela] QDp RaM@ALUDQMH ]JDAWLWH

Osnovna klasa modela ffeRooti V D Gkdlno jedinstven identifikator objekta, njegov

naziv, opis i povijespromjena vlasnika KlasalfcObjectDefinitionje apstraktna klasa za
sveelementdNRML VDGUAaH GHILQ L F IfédbjecfRojX DY D\WIOHN M DHMM HY M D [
KlasalfcProduct R G U HobKkM pbziciju objekta. Oblik je opisanapstraktnonmklasom
IfcProductRepresentationN R M X Q ® P MddigtBenitionShape 2P RJIJXUHQL VX

U D] O Dblpwpi3ivanja geometrije, sukladno standardu ISO 19883994 Pozicija

elementa u prostoru definirana klasomIfcObjectPlacement Elementi se postavljaju u
.DUWH]LMHY NRRUGLQDWQL VXVWDY SUL pHPX NRRUGL
koordinatanrD QDGUHYHQRJ HOHPHQWD pLPH VH HOHPHQWL SF
sustavu projekta( OHPHQWL X JUDYHYLQDU YV WasomiicEEbh&tKkajad N W X U L
RP R JXdptshdhoa HOHPHQWD V RE O L &fihbvLoginds OgisBrHeadom D
IfcRelConnectsElement®rimjer MH SRYH]DQRVW JLGD L SUIOSBKG DM X ULK
klaselfcElementmogusepovezivati X ORJLPN X JUIKSEcNQWIDYRF QL HOHPHC
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poput zida i prozora D V O MiasyllcBuddingElement 6 YDND YUVWD JUDYHYQRJ
PR&H VH RSLVDWL M H GioRiRinBERm@rkM< Lpbpdifdthallz4 zid,

IfcRoomza sobulfcWindowprozor, IfcDoor vrata, IfcStair stepenicelfcRoofzakrov itd.

Vrsta materijala od kojih se sastoje objektivhi@ L M H ¥f¢E@merRdéfinira se klasom

IfcMaterial koja se dodjeljuje HcRelAssociatesMaterialPojedinilfcBuildingElementma

VYRMH VSHFLILPpQH D W UdDBOt Mdjhi atrilBtd i ddiéfike dViyid eRNGDUDHADX M H
vrstu vratapobrojanim tipomlfcDoorTypeEnumDoor (standardna vratafzate (ulazna

vrata), Trapdoor GYRVWUXND YUDWD X VYUKX RpXYDQMD VLJIXL
UserDefined NRULVQLpPNL GHIL Qpdiaid@DypeGNUQEM R MH QDpLQ L
pobrojanim tipomfcDoor TypeOperationEnurkojim se definira jesu li vrata jednokrilna ili

dvokrilna, zaokretna, klizna ili okretna, kojem sesmjeu otvargu itd. Ova dva atributa

ELWQD VX SUL LJUDGL PRGHOD ]D QXPHULpPpNX DQDOL]X MF

tip vrata.

)& RSLVXMH JHRPHWULMX L SR]JLFLMX HOHPHB@WD QD YL.
Placement SUHGYLYyD SRVW®W D MD QMUHWHPHWPHY NRRUGLQDWQ
NRRUGLQDWH PRJX ELWL UHODWLYQH NRRUGLQDWDPD C
SRVWDYOMDMX UHODWLYQR NRRUGLQDWQRP WPMADYX SU|
*HRPHWULF 5H Skoj Mas@wdPiduRefinitionShape PRIXiXMH UD]OLp
QDPLQH RSLVLYDQMD JHRPHWULM42:199XNODGQR VWDQGD U (

3.1.2.2 Geoprostorni opis otvorenih i zatvorenih prostora

2SWLPLUD Qdpravdd) sesirmomaty D P RV WR MK N BV In&dxompldksnim

objektima koji objedinjuju otvorene prostore poput ograda, travnjaka, ceste i zatvorenih
prostora poput zgrada akvi kompleksni objekti mogu se opisati geoprostornim modelima
CityGML i IndoorGML. CityGML standard je svojom strukturompisom detalja pogodan

za opisivanje otvorenih prostoiazatvorenih prostora, GRN MH ,QGRRU*0/ SULO

opisivanju zatvorenih prostof8].

CityGML je internacionalni Open Geospatial Consortium(OGC) standard za
trodimenzionalno opisivanje modela gradova, temeljeneXtensible Markup Language

(XML) shemi. Njime se opisuju urbani prostori i trodimenzionalni objekti u pet razina
GHWDOMD YyHWYUWD UD]JLQD RGUHYyXMH XQXWhbadDaQMRV)
QDPMH&AWDMD XbdgHspdsahhasVapisivaij& urbanih prostora CityGML je
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SRIJRGDQ |]D RSLVLYDQMH NRPSOHNVQLK SURVWRUD NRML
UD]JOLpPpLWRP YUVWRP WHUHQD L PHYXVREQR t8BiY. FADQLK UL
razliku od IFGD X NRMHP MH RGQRV L]PHYyX HOHPHQDWD PRJ
CityGML-D VWULNWQLMH R G 19}y Bade@jdké idriald-bpRGeSsakiatho
standardu ISO 19107D RSLV PRGHOD BR &RAhHat®REDMDaAM@ension

shemom

IndoorGMLje OGC standard za otvoreni podatkovni model koji koristi XML shemu za opis
prostora untar objekta, sukladndGeography Markup LanguagéGML) sintaksi za

opisivanje geoinformacijf20]. Za razliku od IFGa i CityGML-a, specijliziran je za opis

unutarnjeg prostora pa je shema IndoorGaljednostavnijaTrenutna verzija IndoorGML
RSLVXMH GLMHORYH DUKLWHNWXUH NRML VH PRJX NRULV
ulazi, koridori, vrata, stepenice itdseometrija elmenata opisuje se standardom ISO 19107

ili referenciranjem na opis u CityGML modeluu.=D NRPSOHNVQLMH VXVWD)
kombinirati sa CityGML[21].

3.1.2.3 Automatizirane SULMHQRVD X PRGHO @&WLUHQRJ REMHNWD
Za JUDYHYLQYVN lopibsR R@r@atdié-C ili CityGML pHWYUWH UD]JLQH G
PRJXUH MH DX\pweuRdl \podatke) po@eRne za opis prostora nad kojind BeO L
SURYHVWL QXPHULpND DQDOW|IDP XUD R 3HHQ R X WW miL¥uD | YWaEW W
SRGDFL HOHPHQWL SURVWRUD NRMLPD VH QDSDGDp PRAl
njihova pozicija u prostoru i dimenzijelablica3.1|daje usporedbu klasa IFC, CityGML i

IndoorGML standarda koje su osnova za opisivanje prostora u svrhu optimiranja sustava
]DawWLWH

Tablica3.1 Usporedba IFC, CityGML i IndoorGML klasa

Ontologija IFC CityGML IndoorGML
Prostorija IfcRoom Room GeneralSpace
Vrata IfcDoor Door ConnectionSpace
Prozor IfcWindow Window

Stepenice IfcStair Room (stairs) TransitionSpace
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Pokretne IfcTransportElemen Room (escalator) TransitionSpace
stepenice
Dizalo IfcTransportElemen Room (elevator)  TransitionSpace

=D SUHWYRUEX SRGDWDND L] ,)& PRGHOD X PRGHO JUDID
aveze QMLKRYH SRYH]QLFHR2], ¥ tdstdpan ¢ ifotaNali3].S Dodatna
PHWRGD GRVWXSQD |]D PRGHOLUDQMH L L]UDJo¥egsaN UHW D Q
Circulation Method(UCM), WHP HO ML kodrh @ddiu iWdristiLs® kao gotov alg4].

=D NUHWDQMH SURVWRURP S Udd B3P SNRIGLGIMARKQYWLHL QR ”/
JHRPHWULMVNL eRd) Malpurppse @dodetric network model, MGNkbji
REMHGLQMXMH RSLV PRJXUHJ NUHWDQMD XQXWDUQMLP |
DXWRPDWL]JLUDQR VH SUHX]LPDMX LQIRUPDFLMH R PRJXUL
SURJRUD FHVWD L SRYH]XMH LK VH WRSRORutt&arne3RGDFL
SURVWRUH L &LW\*0/ PRGHOD ]D YDQMVNH SURVWRUH OR
VHPDQWLPNLK LQIRUPDFLMD R SURVWRUX SRYH]LYDQI
RPRIXUHQR MH SRGU&ANRP ]D &LW\*0/ ORGHO MRIGAVADHD L
X YLAHNDWQLFDPD

3.1.3. Model gradbenog elementad W L Gdbekeal

Model gradbenog elementa WLUIHQRJIJRBEWKNMMNMVY YRMVWYD HOHPHQDW
SRWUHEQD ]D L]JUDGX PRGHOD $vid xadeld jghiveirald gois&li QDSD G
AWLUHQL REMHNW QHRYLVQR QD NRpM@Rtkiar@dkindgd SUYRW
ranije opisanih standarda (IFC, CityGML) ili nekim drugim modelgBlika 3.5|prikazuje

model gradbenog elemenaBW LUHQR.J REMHNWD
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Slika 3.5 Model gradbenog elementaWLUHQRJ REMHNWD

Osnovna klasa modelaktostElement. SUHGVWDYOMD VYH JUDGEHQH HOH
ORaH VH SULND]DWL NDR

HostElement ={ Id : uuid
Name : string
Geometry : Geometry
Material : Material , (3.1
CanBeUsedAsEntrance : bool
IsTarget : bool
AppliedSecurityElements : uuid[0..*]
Neighbours : uuid [0..*] }

SUL pHPX MH

Id tedinstveni identifikatoelementa na razini sustag koji se koristse tip UUID gengl.
UniversalUnique IDentifie), sastavljen od 32 znaka (znamenk® B8lova &) i iskazuje se

u pet grupa odvojenih povlakor (1 obliku 84-4-4-12,
Name tnaziv elementa koji jedinstveno opisuje element, poput Vrata0042,

Foreignld tjedinstveni identifikator u tré HP VXVWDYX X NRMHP MH REOLN
poput IFC ili CityGML

Geometrytpozicija i oblik elementa, sukladno standardu ISO 19883994

Material tSREURMDQL WLS PDWHULMDOD RG NRMHJ MH HOHPI
VSRVREQRVWL NUHWDQMDL QD/YS'CHAADYMHNNRM IH O/ HP HDQGAW L W

primijeniti na ovaj gradbeni element
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CanBeUsedAsEntrance RGUHYyXMH PR&HWILL NROHRMOIW) BEIDR SRpHV
RGQRVQR XODVND X &aWLUHQL REMHNW

IsTargettRGUHyXMH ]D HOHPHQW VPDWUD OL JD VH FLOMHP C

AppliedSecurityElements OLVWD LGHQWLILNDWRUD JDAWLWQLK HOHI
HOHPHQWX a@&4WLUHQRJ REMHNWD

Neighbourstlista identifikatora gradbenih elemenata koji su susjedni elementi.

= D a Wierwé1Qi ldo#ijeljengradbenom elementdostElementefinirani su klasom

AppliedSecurityElement ={
Id :uuid
SecurityElementld : uuid
Quantity : int
}

(3.2)

SUL pHPX MH
Id tjedinstveni identifikatar

SecurityElemeid - jedinstveni identifikator DaWLWQRJ HOHPHQWD GRGLMH

gradbenom elementu,

Quantity + N R O LJDL&aDleMdhigRatlodijeljerog temeljnom gradbenom elementda
VYDNL |DAWLWQL HOHPH®WNFH PLDQO QD@ R HR BRINWUAWQ IV L
algoritam u pocesu optimirag RGUHYXMH NROLpPpLQX ]DAWLWQLK HOHPI

gradbenog elementa.

314 ORGHOLUDQMH |DAWLWQRJ HOHPHQWD

Slika 3.6| prikazuje model D & Wylelgrgen®D NRML VH SRVWDYOMD X awlLadl
RSWLPLUDQMD ]|DaAaWLWH
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Slika3.6 Model I D&WLWQRJ HOHPHQWD

= D aWdéndéntidefinirani su klasom

SecurityElement ={
Id :uuid
Name : string
SupportedMaterials : Material[]
Coverage : CoverageMeasure
Price : number,
DetectionProbabilities : DetectionProbability[],
BlockingTime : StdDevStats

(3.3)

}
SUL pHPX MH

Id fjedinstveni identifikato) DAWLWQRJ HOHPHQWD
Name+znD]LY |DAWLWQRJ HOHPHQWD

SupportedMaterials+ lista materijala na koje sRYDM J]DAWLWRAHHORVWDQ WL W
Pobrojivi tip Material GRGLMHOMHQ MH JUDGEHQRP HOHPHQWX plL

elementi mogu primijeniti

CoveragextRGUHYXMH NROLNX XGDOMHQRVW SRYU&aGLQX YRO>
HOHPHQW 1D RVQRYX RYH B@ELINRLMHVHD & WILDA @ QK HID N PIHN

primjenu na gradbenom elementu, ovisno 0 njegovim geometrijskim svojstvima.
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Kompleksnog je tip&€overageMeasure pL ML V Xdasuin@URikabji definira mjernu
MHGLQLFX SRSXW X @ bauméhd RovévbigeVa RS Udetin®avrijednost
pokrivanja |Tablica 3.2|prikazuje primjere] D GYD J]DawLW QR U@ MWRKIQ PWNCH
karakteristike]| DAWLWQLK BIOHPHQDWD L]

Tablica32 3ULPMHU YMHURMDWQRVWL GHWHNFLMH ]Daw|

=DAWLWQL H( CoverageMeasure
SecurityElement.Name MeasuringUnit Coverage Value
Mikrovalna barijera za Udaljenost(m) 120

nadzor perimetr@nono)

Detektorloma stakla 3RYUAHQ 9

Price +t RGUHYyXMH MHGLQLpQX FLMRQXKVMIEWIHV QB M HBOHP H/Q
HostElemenAppliedSecurityElements.Quantitprimijenjenih ] D & W Lai@Qdn&ta na
gradbenom elemenua i ]UDpXQ XNXSQH FLMHQH VXVWDYD

DetectionProbabilitiestlistavjerojatnosti detekcijeovisnajeR YUV WL ] InamaZ&V QRJ HO
elementkoji nema funkciju detekcijeovalistaje prazna =DaWLW QhLWO®OHPMEWR MD W
GHWHNFLMH QH RYLVL R VSRVREQRVWLPD QDSDGDpPD LOL
OLVW =DAWLWQLP HOHPHQWLPD QD viehénski ¥étHli RMDW Q
VSRVREQRVWL QDSDGDpD CTrteckibHRpadabiMyefMitijeR GJRYDUD M X {

BlockingTime+ YULMHPH |DkG& EQRROMQMSIRVWDYOMDQMH RYRJ ]DA&\
gradbeni element. Kompleksnog je tigDevStats pLML V XMeaD\EaRdXjiL
SUHGVWDYOMD YULMHPH PiaGddréDevidiQhdjipretsiavjiielayaoD P D L
standardno odstupané UHPHQD DG UWADYHMMWIDVH NDR SRVWRWDN

Vjerojatnost detekcije definirana je klasom

DetectionProbability ={
Adversary SneakinglLevel : string
WeatherCondition : string
Value: double
}
SUL pHPX MH

(3.4)

AdversargneakingLevetk VSRVREQRVW aXOMDQMD QDSDGDpPpD
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WeatherConditiorevremenski uvjeti
ValueztYMHURMDWQRVW GHWHNFLMH ]D |IDGDQX VSRVREQRV\

2YDNYLP PRGHORP SRGUADQR MH GHILQLUDQMH UD]OLPp
elementaovisno o vivWL QDSDGDpD L Y U|MHdblitaB\BpiikBzaipe YUONDH @VLLFPLDNV H

YULMHGQRVWL GHWH N F,loMsdro phrrémergkim]| ivititha Vé@sobi@ it H Q W

QDSBAGDp

Tablica3.3 Primjer vjerojatnosti detekcii@gD aWLWQRJ HOHPHQWD

6SRVREQRVW C Vremenskiuvjeti Vjerojatnost detekcije
Adversary SneakingLevel WeatherCondition Value
Amater 6XQpDQ! 0,96
Amater Magla 0,85
Amater .Lab 0,80
Profesionalac 6XQpDQ! 0,20
Profesionalac Magla 0,15
Profesionalac .Lab 0,15

32. ORGHOLUDQMH QDSDGDpD

Slika3.7/SULND]XMH PRGRO® LGPDYIB GHODQLUDMX RpHNLYDQL WL

objekt.

1DSDGDp MH GHILQLUDQ NODVRP

Adversary  ={
Id :uuid
Name : string
SneakinglLevel : string , (3.5
MovementAbilities : MovementAbility[1..*],
Tools : AdversaryTool[0..*]

}
SUL pHPX MH
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Slika3.7 ORGHO QDSDGDpD

Id tjedinstveniidentifikator QDSD G D p D
Name+QD]LY QDSDGDpD

SneakingLeveltsposobnostQDSDGDpD X aXOMDQMX RGQRVQR L]JEMH.
VH ]D L]JUDpXQDYDQMH Y MH U BéitEianRrebebilit. AdveisahyH N F L M H

SneakingLevel

MovementAbilities + sposolQ RVW NUHWDQMD QDSDGDpD SR UD]JOLpI
REMHNWD 6SRVREQRVW NUHWDQMD RYLVL R PDWHULMDC
M H G Q R MoRdmentAlily svojstva.

Tools tistD DODWD NRMH QDSDGDp LPD QD UANMY|S &fndahD QM X ]LC
pobrojanin tipom AdversaryTooli PRaH LPDWL Y Wit N B 8 DHeNkpterr SRS
Eksploziv, LjestveAlat za obijanje bravaitd. Ovaj se podatak uzima u obzori
MovementAbity.RequiredAbility ako kretanje nekim gradbenim elementom zahtijeva
RSUHPOMHQRVW RGJRYDUDMXuLP DODWRP

ORIJXUQRVW NUHWDQMD QDSDGDpPD JUDGEHQLP HOHPHQWR

MovementAbility ={
Id :uuid
Material : Material , (3'6)
MovementSpeed :  StDevStats,
Delay: StDevStats,
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RequiredTool : AdversaryTool

}
SUL pHPX MH

Id tjedinstveni identifikatorPRIJXUQRVWL NUHWDQMD QDSDGDpPpD
Material materijal na koji se odnosi definiclRERIJIXUQRVWL NUHWDQMD QDSDC

MovemerBpeed+ EU]LQD NUHWDQMD QDSDGDpD ]D ]DGDQL PDW
RSUHPOMHQ 'HILQLUSDD&BtaOWRIAHRBER W H/EBRFaMbtn@ R VW
LIJUDAHQD X PHWU L P taxdardDeviatib@dlativbo Stebdardn odstupanije

brzine.

Delay+]DGUADYDQMH QDSD'GDp@PLQOD M B HFCSHEWRISSU W b HRKX
je vrijednostMeanValueYULMHPH L]UD a&H Q RStxndsrdDé¢Nafidar8ld&iitho D
standardno odstupanfD GUaADYDQMD

RequiedTool t RGUHYXMH NRML Zd éstvBrenpiefinBaebidikeEKRe@nja. |
]DGUADYDQMD |D RGDEUDQL PDWHULMDO BeaNREAARBM D QL WL
GHILQLFLMH NUHWDQMD NRMH YULMHGH EH] NRULAWHQMD

Tablica34 3BULPMHU GHILQLFLMH PRJXUHJ NUHWDQMD

Parametar Vrijednost
Id 02164d61caad44c77-956551e06d891373
Material ProtuprovalnaVrata
MovementSpeed
MeanValue 1

StandardDeviation 30%

Delay

MeanValue 120

StandardDeviation 60%

RequiredTool AlatZaObijanjeVrata
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33. ORGHOLUDQMH WMHOHVQH |]DAWLWH

Slika38{SULND]XMH PRGH &N MH & HVQHHD DRIWIIHVEBEHWHNFLMD L

X NUHWDQMX SURVWRURP QHPDMX XpLQND

Slika38 ORGHO WMHOHVQH ]JDAWLWH

7TMHOHVQD |]DAWLWD GHILQLUDQD MH NODVRP

Security Personnel ={
ReactionTime : StDevStats ,
NeutralizationCapability . double , (37)
CommunicationProbability . double ,

}
SUL pHPX MH

ReactionTimezvrijeme potrebno za reakcijilDaWLWQH VOXAaEH '"HILQLUD VI
StDevStatsSUL pHP X M HVéabMaMeE®QIRYIW L]JUDAHQD X PHWULPD X

StandardDeviatiomelativno standardno odstupanje brzine.

NeutralizationCapabilty + VSRVREQRVW QHXWUDOL]DFLMH QDSDC

RVSRVREOMHQRVW EURMQRVW L RSUHPOMHQRVW SULSD
SURFMHQX V NRMRP YMHURMDWOQRauX tH RYLVQR R WLSX

CommunicationProbaility =t YMHURMDWQRVW GD UH GHWHNFLMD QDSI
WMHOHVQRAWD |DHW LWL SUHSR]QDWD NDR VWYDUQL DODUP
GD VH UDGL R ODaQRP DODUPX
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3.4. Opisivanje PRJXiHJ NUHWDQMD QDSDGDpD

ORGHOLUDQ aWLDGIQAL RENEDNMH LR Y HiOpbjedi@g elementa
SURVWRUD PDWHULMDOX RGvdRneHIDN B GIE®DR H Q M/U 1/ DMpHL QNN
na osnov navedenihpodataka, provestt HRPHWULMVNH WUDQVIRUPDFLMH
PRGHO RRétj@QDSDGDpD

SBRELpDMHOQRGVHWBRIBRIXM HJ N U HWrbdindriziofraWarodeliranim
prostoromza opisnu strukturu koristyraf. Pri tome se elementi objekta predstavljaju
PYRURYLPD D VXVMH G Quezahtbgfafa R OVRRO IpisarR dt&f preskavija
VYRMVWYR VXVMHGQRVWL 2YGMH PRAHPR UD]JOLNRYDWL
koriste Graf povezanosti strukturnih elemenata postavjae PHY X pYRURYLPD NRM
ILJLpNL S mehedkidyifalosnovu za izradrude vrsta grafekojim se opisujeP RJ X U H J
kretanjH ]D RGUHYyHQL Wdv§ vtDgBaaG BIp® PHYX pYRURYLPD XVSR
suVDPR DNR MH NUHWDQMH WD R S X WRHQ ILL \Kz 88 DXGibip D
neusmjerenografa povezanosti strukturnih elemenald) DI PRJXUHJ NUHWDQMD M

Slika39SULND]XMH WORFUW SURVWRUD NRML VH VDVWRML

unXWDUQMLK ]LGRUDX, prg2aRpzkixQurda Vxx iprostoraPxx. Svakom
VWUXNWXUQRP HOHPHQWX $dddntash Bulsj€iMi élenéhtinaY Rasho SRY H
je da kretanje iz vanjskog zida VZ01 u prozaOR koji mu pripada nema smisla niti
susjedni zid VZ02 pa takwveeze LIEDFXMHPR NDGD LJUDYyXMHPR JUDI SR

elemenata.
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Slika 3.9 Tlocrt prostora iS U L S D @dD 8dix{edhoselemenata objekta

Slika 3.10| prikazuje graf povezanosti strukturnih elemenata za prethodno prikazan tlocrt

slika 3.9).

Slika3.10 Grafpovezanoststrukturnih elemenata objekta

,] JUDID SRYH]IDQRVWL VWUXNWXUQLK HOHPHQDWD L]JUDY>

ovisno onjegovim sposobnostimg

iSlika 3.11

D SRND]XMH SULPMHU JUDID PR

QDSDGDpD NRML MH RVSRVREOMHQ VDYODGDWL J]DNOMXFE
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]DAWLUHQ UHAHWNDPD WliKHaXQEVEDUQBPMIXMK BEDI PRIXUHI |
QDSDGDpD RSUHPOMHQRJ DODWLPD SRWUHEQLP ]D SURYD
YLGOMLYR L] VOLNH JUDI PRIXUWWHEMNPNRDORWD XSBRRWWRBI
RPRIJXULR WRpPpQLML LJUDpXQ NUHWDQMD QDSDGDpD 7DN
prethodnom primjeru nije bilo potrebe za kretanj®xd01 A ProstorO1 A UZ01 A

Prostor02 6WRJD JUDI PRJXUHJ NUHRMDQIM D LG Behy@Rp4RDY P R a H

povezanosti strukturnih elemenata.

Slika3.11 Graf PRJXUuHJ NUHWDQMD SURVWRURP

$OJRULWPL QD UD]OLpPpLWH QDpLQH ReahbbtagviavjX metedd FL M X
SRVWDYOMDQMH pYRURYD X VUHGLAQMLFX HOHPHQDWD |
poput viata SUR]JR U D Le¥¥dbaiP6]L &@aNeLrtetoda primjenjiva za male prostorije,

DOL QLMH GRYROMQR GREUD |]D SURVWRUH YHOLNLK SR
KRGQLND 8 WLP VOXpDMHYLPD NUHWDQMH QDSDGDpPpD Q
preveliko odtupanje od realnog kretanja osobe. Metoda nije pogodna za prostore
QHSUDYLOQRJ REOLND MHU S Rddnfrdidyrgvakirtritkd RojiJdgifujdd SRV W
S UR VW R Ubiti doRciéhRambizvan samog prostora.

Preciznip simulacijukretanpf SURVWRURP RPRJXUXMH PHWRGD SUHNU!
PUHAQRP NYDGUDWD. MvdGGDNEK WHNOKKXLQHPHULPpNH DQDOL]!
koristi Systematic Analysis of Physical Protection Effectivef®8BE) model[27] SUL pHP X

VH aWLUHQL REMHNW SUHNULYD NYDGUDWQRP PUHARP S
Osnovna prednost ovog pristupa RGQRVX QD ($6, 6%9, L $66(66 MH UHI
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pozicije elemenata u prostoru. Nekoliko je nedostataka ovakvog pristupa podjele objekta na

PUHAX ILNVQLK NYDGUDWD S3URVWRU VH SURPDWUD GYF
modeliranje objekatakblL VH QDOD]H QD QHUDYQLP WHUHQLPD RGQ
XGDOMHQRVWL X WURGLPHQ]JLRQDOQRP SURVWRUX SUHI
PUHaH 2Q PRUD ELWL GRYROMQR PDOL GD RSLaAH QDMPD
TimesH VWYDUD LJUDJLWR YHOLN EURM HOHPHQDWD JUDID .
SULKYDWOMLYRP YUHPHQX $XWRUL 6$3( SRVWXSND WHV!
QD SUHFL]QRVW LJUDpXQD YMHURMDWQRV WHu @Uji¢NLGD QI
REMHNWD V QDMPDQMLP HOHPHQWRP YHOLpPLQH PHWL
VWUDQLFH NYDGUDQWD SULEOL&AQD QDMPDQMHP HOHPHC
NYDOLWHWX UH]XOWDWD PHYyXWLP GDO Mr@ndzdite8eR Y HUD QM H

ODQML EURM vird SRR YW raklodinid dijeljenja prostora QD pHWYUWLQH
dvodimenzionalne prostore, odnosno dijeljenje aktaedre upotrebljava li se u
trodimenzionalnom prostoru. Osnovni je princpHNXU]JLYQD SRGMHOD SURYV
odnosno osam dijelovaG R XQDSULMHG GHILQLUDQH fu@lostdOQH YH
QH QDOD]H HOHPHQWL NRMLUZLFPGHNRJIIRXYMX. ANHU S R G K NM®GID
kvadrante UD]OLpLWLK Y HQdpploddiDprosiol.L WEidtla &vara nepotrebne
PYRURYH SD QLMH SR JRaGeQddi ddédi SamijeRajutibdatiiteptimizaciju
NRMRP VH LJEDFXMX QHSRWUHEQL pYRURYL NDWR EL JU
dijeljenje prostora na kvadratne element®stupni su algoritni koji prostor dijele

nepravilnim oblicima, poput trokuta i trapezoigaVoronotevim poligonimg28].

Naprednija je metodarade grafa uporabotmansformacig V U H G L & Entyl. MEdraPAXis
Transformation +MAT) [29]. Za XRELpDMB@HPRIQFLMH pYRURYD RYH
prirodnije su pozicionirane u odnosu na raniggedenenetode i manijih je broj. Metoda

VH PRAH NRULVWLWL ]D GYRGLPHQ]JLRQDOQH L WURGLPHQ

kosturprostora, kako prikazr.ﬁika 3.12
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Slika3.12 TransformacijanetodomVUHGLaAQMLFH 0%$7

'YD VX QDpLQD SURYHGEH WUDQVIRUPDFLMH RGQRVQR (
SUHGLAQMLFX NDR VNXS WRPDND XQXWDU SROLJRQD NRMI
YL&AH UXERYD 'UXJD PHWRGD MH LVWRYUHPHQR SRPLFDQ
SUL pHPX VMH¥USEGLEYMURMH SRVWDYOMDPRa.QféhuVMHFLA

transformaciju2 PRAHPR GHILQLUDW B.&ﬁl(BN)f&rijG—l:G MHDB EDRLG&REMRM X \
0 na rubu objekta koji ima jedinstvenu okomicu.

61 TAJAV 2L 6cly: TAJA gL % TaA (3.8)

%F 1y L H96F 1+ (3.9)

SUL pHPKTAMMH centar diskaza dvodimenzionalne prostore i centar sfere za

trodimenzionalne prostorey WD QJH Q WaR I}j @/ PAWRHpds\NaH @u poligona

Nedostatak MAT metode pri izraddUDID NUHWDQMD MH PRJIJXUQRVW C
RGUHYHQLP NRQILIJXUDFLMDPD SURVWRUD D S|&ikaHEQR X

3.13h). Iz tog razlogdD]YLMHQD MH QDSUHGQLMD PHWRGD WUDQV

(engl. StraightMedial Axis Trasformation £S-MAT) [30] kojom se izbjegava nastanak

parabolai smanjuiel®M pY %ILR&BM?).
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Slika3.13 Usporedba MAT i SMAT metoda(preuzeto i30])

Nedostataks-MAT metode eQHPRJIJXUQRVW VSDMDQMD pYRURYD X SU
slika3.14ja). Uvedena je novijaylodified-Medial Axis TransformatioM-MAT) [31] koja
UMHaADYD WDM QHGRVWDWDN

Slika 3.14 Usporedba $IAT i M-MAT metode(preuzeto i432])

2SLVDQL DOJRULWPL WHPHOMHQL QD PHWRGL WUDQVI
NRPSOHNVQLMLP WUDQVIRUPDFLMDPD RS lost@a dWR§HYLQH
kretanja[33], [25]. ,]D]RY X RSLVLYDQMX SURVWRUD JUDIRP PRJX{
L L]GXAHQLK SURVWRJUD SRSXW KRGQLND
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3.5. Modeliranje PRJXUHJ NUHWDQMD QDSDGDDpPD

Model PRJIX(iHJ N U H W DRSS XQ\DIS WG BIpQDSDGDpX GRMWIKSQHA S:
objektom WH HOHPHQWH ]DAWLWH NRML PRJX ELWL SULPLM
Slika3.15 QD RVQRYX PRGHOD &AWLiUHQR

elementima kretanjaKako prikazuje
V D Gristdilpozicijy Y H O Li mhatérijal pojedinog elementa prostoH PRGHOD QDSDG
PRJX VH L]YUAVNWNH VHRPHWRBUMDFLMH NRMLPD VH SURQDC
QDSDGDpPD 7LP VH SRGDFLPD SRSXQMDYD PRGHO ORJLpPN

Slika3.15 ,]JJUDGQMD PRGHOD ORJLpPpNH UD]JLQH @&WLUHQR

Slika3.16 SULND]XMH JUDILpNL SULPMHU PRGHOD ORJLpNH UD]
elementa i njima prid HOMHQD VYRMVWYD veZamnBkoj&pfddstdwjaj$ RY H] D C
PRIXUQRVWL NUHWDQMD @ 3e3dRGDHHDY X MUHL VIFHWPEKU VR BNX U H J
YULMHPH NUHWDQMD SRWUHEQR QDSDGDpX ]D SUHOD]DN
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Slika3.16 *UDI NUHWD QM D rRogdloviB @/ IOIRHIQB N IRFEMHNW D

ORGHO VH VDVWRML RG GYLMH RVQRYQH NODVIEBIIMERMH RSL

3.17|prikazuje komponente modela.

Slika3.17Model JUDID PRJXUHJ NUHWDQMD QDSDGDpD

Model ElemenNode SUHGVWDYOMD VYH pYRURYH JUDID NUHWDQM

ElementNode =/{
Id :int
HostElement Id :uuid (3.10
CanBeUsedAsEntrance : bool
IsTarget : bool
AppliedSecurityElements : uuid[0..*]
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PassageTime : StDevStats
DetectionProbability : double,
SupportedSecurityElements : uuid[0..*]

SUL pHPX MH
Id jedinstveni identifikatorp Y R U D

HostElementldzidentifikator elementaHostElementX PRGHO X aW L a&lkQjRsé¢ REMNH
PYRU RGQRVL

CanBeUsedAsEntrance RGUHYXMH PRAaH OL pYRU ELWL NRULaAWHQ !
XODVND X a&WLUHQL REMHNW

IsTargettRGUH$§XMMEBVWDYOMD OL pYRU SURVWRU NRML MH FL{

AppliedSecurityElements OLVWD LGHQWLILNDWRUD JDAWLWQLK HOHI
HOHPHQWX aWLUHQRJ REMHNWD

PassageTimetvriie PH SRWUHEQR QDSDGDpX |]D VDYODGDYDQMH
p Y R U KBmpleksnog je tipaStDevStats pLML V XM¢a@O\2IQROfi Lpredsavlja

vrijeme savladavanjau sekundama iStandardDeviationkoji predstavlja relativno
standardno odstupanje viemesazladD Y DQMD L LJUDADYD VH NDR SRVWRW

DetectionProbabilty+ YMHURMDWQRVW GHWHNFLMH QDSDGDpD

dodijeljenimelementu.

SupportedSecurityElementsOLVWD LGHQWLILNDWRU B njdgé ¥jekamQ LK HO

optimizacije dodijelitiovom elementu.

Veze grafa koji povezuju ElementNode pY R U Rprddstavljeni su modelom
ElementransiionNRML VH PR&AH SULND]DWL NDR

Element Transition ={
FromElementNode Id :int (3.11)
ToElementNode Id :int
PassageTime : StDevStats

SUL pHPX MH
FromElementNodeld LGHQWLILNDWRU SRPpHWQRJ pYRUD WUDQIJLFL

ToElementNodeldd LGHQWLILNDWRU FLOMQRJ pYRUD WUDQ]JLFLMH
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PassageTimeeYULMHPH NUHWDQM BromBeSRiNbiddd3 RJI FLYORMUDR J pYR
ToElementNodeld

Vrijeme kretanjaL ] P HYy X p YWwsudrjihdvojudalMHQRVWL L EU]JLQL NUHWDQ

Neka su pozicie dva element# i $ u trodimenzionalnom prostoraefinirane s

#:TsdtadL;, $:Tgdlag; Tada jenjihovaudaljenost@

@QL¥ ToFT5E:UFUW;5E:\§F\;6 (312
Za lrzinu kretanjakoristi se vrijednost definirana MovementAbility.MovementSpeed
PRAHPR MHat:]UD]LWL
RL I=T:B/=PANE@RANQO=NU (3.13

odnosno kao funkciju NRMD MbudmantAbility V. PDNVLPDOQRP YULMH
MovementSpeerh zadani materijdlaterial NRMLP VH QDSD @®RbduirddldeliH L DO
NRMLP MH QDSDQ®IVWEBHPEOADHIPAMDQR MH NRMLP YUVWDEF
(Adversary.Tod)i njegove sposobnosti kretanfadversaryMovementAbilies)(Slika3.18

prikazuje peudo kod ovog procesa

Odabir_maksimalne_brzine_kretanja( hostElement.Material, adversary ) {

brzinaKretanja = 0;

za svaki (movementAbility u adversary.MovementAbilities) {
ako (hostElement.Material == movementAbility.Material &&
adversary.Tools V D G U &nbvementAbility.RequiredTool &&

movementAbility. MovementSpeed > brzinaKretanja)

brzinaKretanja = movementAbility.MovementSpeed,;

}

vrati  brzinaKretanja;

Slika3.18 Algoritam odabira brzine kretanja

=D XGDOMHQR VWd,LQ@M@]iNat@.RZ}J ibizibu kretarg Q D S D & prénia
izrazy(3.13){ vrijeme kretanjd LIPHYyX pYRURYD UDpPpXQDPR
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@
PL— (3.14)

PredstavlennmRGHO ORJLPpNH UD]JLQH aWLUHQRJ REMHNWD RV
SUHWUDALYDQMD QDG NRMLP VH L]YRGL RSWLPLUDQMH V>



4. 237,0,5%1-( 2'$%,5% , 5$6325('$ =$47,71,+
(/(0(1$7$ 8 352-(.7,5$1-8 6867$9% 7(+1,y.(
=$a7,7(

'HILQLFLMD QXPHULpPpNH DQDOL]JH XJURAHQRVWL L REMHNW
zaodreyLYDQMH [IXQNRGMELEIDOMDUDVSRUHGD JDAWLWQLK HC
VXVWDYD W H Kd3tugkbintogtidréravija Wirkkcije ciljaFunkcija cilja definirana je

NDR YLAHNULWHULMVND IXQNFLMD JGMH VK H QDB GIDND Y
FLMHQD |[DAWLWQLK HOHPHQDWD %XGXuL GD VX NULWHUL
VH MHGQR UMH &H Q Mddisentd JZRodl pofelinddvkitéri#®RE DY HQD UMHAH C
L] RSWLPDOQRJ VNXSDDRGRH )GV XD & WELRMI®@ Isé pridjektaiiH Q D W D
SUXab L]JERU RGDELUD RQRJ UMHAHQMD NRMH VPDWUD SU

8] YLAHNULWHULMVNR RSWLPLUDQMH Skajd redétavibid GR QR
doprinose ovog rada zasnovan&u na poznavanju dome. Prvo optimiranj@rovodi se

uvedenom hibridnom metodom kaenanjuje prostolSUHWUDALYDQMD XNODQMDI
elemente D |[DWLP SUHGODaH SRpHWQD UMHAHQMD DOJRULW
LWHUDFLMD SRWUHEQLK ] P IQD.QDEH GOMUM&HE BBty Q LK Q F
algoritma kojim seizbjegavgu nepotrebrL LJUDPpXQL NYDOLWHWHest FLMHQ
evaluacige NRULAWHQMWRERAORMBUHWKR Q@stéa 8 MHWHQBIDY D QM

4.1. Proces optimiranja

Cilj optimiranja MH RGUHGLWL NRMH ]DaW Liwseh ddabtaRadje@WH RGD
sustavapostigh maksimala YMHURMDWQRVW |D XWKDXIOMMZQ®M D QDSEL
osnovn. SURFHV RSWLPLUDQMD NRML VH VDVWRML RG SRVW
NRML QDSDGDpX RPRIJXUXMH NUHWDQMH REMHNWRP QDN
QDSDGD ]D VYH HOHPHQWH V NRMLK QDSDGDp PRAMHQPBRD |

38
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UMHAHQMD 8NROLNR SURQDYHQR UMHAHQMH QH J]JDGRYR(
VYH GR SURQDODVND |DGRYROMDYDMXUHJ UMHAHQMD

Slika4.1 Proces optimiranja

2YRP VH PHW RSURPMWOIXHQ W L procasWitojektird ijalerosts-hije
automatiziranY Hi VH ]DVQLYD QD L VNJ)DOWW Y XQS/WRVMNH-RPVEDGWBL V|
YHOLNRJ EURMD HOHPHQDWD NRMLPD VH QDSDGDp PRA&H |
] D Wz Wg razlogsSURMHNWDQW QH PRAH VDJOHGDWL VYH GRV
YHOLND YMHURMDWQRVW GD MH UMHAHQMH NRMH SUHG
RSWLPDOQRJ UMHAHQMD

Proces optimiranjaazlikuje se ovisno o preduvjetima kqjeojektant postavlja na sustav.

Ukoliko projektant unaprijed definira maksimalnu vrijednost investicije ili minimalnu
vjerojatnost prekida napada, tada se problenangeesti na funkciju jednog cilja. Drugi je
SULVWXS RSWLPLUDQMXDSBRYR{HKQ MM FAHQNDD S DHM G R
LOQYHVWLFLML LOL WUDAaHQRM YMHURMDWQRVWL SUHNLGL
MH VNXS UMHAHQMD SUL pHPX VYDNR SRVWLaH PDNVLPDO
FLMHQX 3UR M HbvdiV th@ Méje zRb@¥bljdv & ihaprijed zadan minimalan iznos
YMHURMDWQRVWL |[IDXVWDYOMDQMD QDSDGDpD LOL PDNVL
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-HGQRVWDYQD DQDOL]D VXVWDYD ]DaWw[pBS/dtiexse\hpdk X RS W
DQEQDOL]LUD NRULVWHUL PRGHOLUDMXuUX DQDOL]X VWDEOD
QDSDGD D DQDOL]X VWDEOD GRJDYyDMD 1D PREpsgaH NRQ]}F
optimiranje provodi genetskim algoritmima narazihnSURFMHQH XJURAHQRVWL &\
GHWDOMQR UMHAHQMH ]D L]UDGX YJR7RNWRHNIW DV W Bl @ UL NWHH Y
]D GLIDMQ WHKQLpPpNRJ VXVWDYD ]DAWLWH DOL EH] UD]
detaljnijeg optimiranja prikazan je (B8] gdje autor koristi genetski algoritam za

RSWLPL]DFLMX ]DaAaWLWH DOL VH QH RGDELUX ]DawLWQL
EXGAHWD L YMHURMDWQRVWL GHWHNFLMH NRMLPD VH SR\
samo URQDYHQH NULWLPQH SXWRYH QH X]JLPDMXiUL X RE’
HOHPHQDWD XYRGL PRIJXUQRVW QDVWDMDQMD QRYLK NUL

Ove metoésu primjenjte NDR SRPRU SWRPMSUIRWOQN\RXY DQMD VXVWDYD

QH PRJX VDPRVW RG@R PRGOS G ZbREdNd HOHPHQWH ]Daw
NRMLPD 4H VH SRVWLUL WUDAHQR

1DSUHGQLMD PHWRGD RSWLPLUD@WM® u GliHs@eOdestpED X R
HOHPHQWH ]D SRpHWDN QD SJDGWH [ X\OWRIMW VBYX DD S R &ID\p B (
L QMLKRYH SR]JLFLMH pLPH VH SRVWLAH JRWRYR RSWLPDO

411. 2GUHYLYDQMH NULWHULMVNLK IXQNFLMD

Nekaje) L dd3usmjereniJUDI| S U LopkdgPXy diiddl s ukupnim brojem elemenata
0 LJ SUL pHPX avidie skupveza ukupnog brojalR L I.

y Y Rytdfa predstavija elemer® RIXUHJ NUHW &Y DXQMRE®EMPI D RILPNH L
AWLUOHQRJ aR&EgdMM HINUNLDp HIPXAN) K skup p Y &v&Jkoji se mogu koristiti kao
HOHPHQW SRpFWINIPREIB®GDRILPpNH UD]HDHBWQ WHOQRRJIREHI
NUHWDQMD QDS D GiBpUsedadEMricd/ YnRaMriedhysRue. Neka jeT, pri

bHPXi M1:);skuppYRYUD NRML SUHGVWDYOMDMX FLOM QDSDG
AWLUHQRJ REMHNW Dst@ddtL kaRivYnre. MH VYRMVWYR

yYR.WPD VOMHGHUD VYRMVWYD
@ 1R - vjerojatnost detekcije.

L PR - vrijemepotrebno za savladavanje elementa.
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O JR - standardna devijacija vremena potrebnog za prolazak elementom.

=AR- VNXS |DAaWLWQLK HOHPHQDWD NRML VH PRJX SUL
objektom.
=LR- VNXS J]DAWLWQLK HOHPHDDIWWMH PHQW XMN QMM D QK
objektom.

?KR- FLMHQD |DAWLWQLK HOHPHQDWD SULPLMHQMHQ

objektom.

Veze SUHGVWDYOMDMX P R J X|iil QR4 Defitirdribii Re W R KRR X
SUL pHRPMNeze SUHGVWDYOMDMX X PRGHOX OdredeftNH UD]L

ElemenTransitior}(3.13).

VezaLPD VOMHGHUD VYRMVWYD
L RA:= @ tvrijeme potrebno za prelazak zY&Ru p Y RRU

O BA:- @ tstandardna devijacija vremena potrebnog za prelazfkviRRju p Y RRU

=D VYDNL pOPRAMRRSIDURQDUL SXW

Lyt 'RAR & ReoshrscRes (4.1)

tako da vrijedi

Bl L BRAR & RosArscRer L o<ty (4.2)
SUL pHRXMMHHURMDWQRVW GD intijekpt KrBt&ja puterid i L VS WM N pH.Q
prije dolaska do ciljnogy Y&RR O1.

Vjerojatnost prekida napad® R & Hlefirirati kao

C (5
2L 25 @@ 1R @,E [ 2 (8@ 1R; @@ ks F @ kRO@0 (4.3)
Uasp Y@

SUL pHPX MH

2% @vMHURMDWQWRNQ/HGE RWEBLEQDISDEDpD SULMH QHJIR QL
putod p Y&Rydo cilinog p Y&RR,
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2, YMHURMDWQRVW GD UH NRPXQLNDFLMD ELWL XVSNV
intervencieWMHOHVQH ]DAWLWH

Funkcija vjerojatnostiz: RGUHYHQD MH LJUD]RP

1
29k "GP ré&y; L £

4

PlEed

T A %o @P (4.4)
3 Z XS

SUL pHPX MH

Gol GaF 6y (4.5)

6 yje razlika u vrementub,, potrebnomW M H O H VdaRtigng Ddilpwolg W X &R nakon

AWR MH QD S DiGRrhedBWIRNWLHD@R P Q D Sdil ¢ PRRIECHNaGW L J Q H
bYRRL 6:0VH UDPXQD NDR

C
6oL | LPT; (4.6)
vau

SUL pHPY Rebbutu kRAm s Ry 5 & RersAcrseRe 0

Standarda devijacijaQ fazlikevremenag yjednaka je

Quy6u; L QubeoF 6a: L ¥Q:6:5 E @: 6a; (4.7)
Cijena sustava 2 GUHYHQD] BMHR M DIRLMHQD VYLK J]DAWLWQLK HOHF
HOHPHQWLPD NUHWDQMD REMHNWRP QHRYLVQR R WRPH

c
2L 1 ... 'R;é (4.8)
s

2SWLPLUDQMH ]DEAWRWOQRR REDEDYRP ]DaAWLWAXL i HOHPHC
b H P XTélerhent skup®d. 8NXSDQ EURM |DAWLWQLK HOHPHQDWD ]D

I LT =AR; (4.9)

SUL pHPIX &MH

3UL RGDELUX |DAWLWQLK HOHPHQ Dis.OPrai & IUARRY DA W [RDY AMALPW

elementeza koje vrijedi da jecijenasustava?minimalna Drugi je cilj da se odabranim
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]DawlLaeQdnt PD S R Makdindata vjerojatnost prekida napad@; Ovo je
YLAEHLWHULMVNL SUREOHP D XNXSDQ EURM PRJXULK UMH:

OL i ®2. (4.10)

Uzme lise aprimer aWLUHQL REMHNW NRML VH VDVWRML RG RVDF
MH PRJXUH SRVWDYLWL SR GYD |DaWLWQD HOHPHQWD SU
pozicija, premazrazy(4.9) SRW U HE Q R5AH?ili 146k 08V HY DO XDFLMD ]D L]JU
VYLK PRIJXULK NRPELQDFLMD -DVQR MH GD WDNDY SULVW

4.1.1.1 Jednokriterijska funkcija
,2VWRYUHPHQR WUDAHQMH UMHAaH@WDL X INRMHP B H BN VAHQ

pLQH RYDM SUREOHP YLAHNULWHULMVNLP -HGDQ RG SUL
RYD GYD NRPSHWLWLYQD |[DKWMHYD X MHGQX IXQNFLMX |

[5)
((T;Lecel SRB:T,&TD5 (4.11)
(s

Takvu funkciju nazivamagregatnoma osnovna je ideja daesvakom cilju optimiranjah,
SULGLMHOL VBHRALQMWANL VBENWRMHPH QD QMHJIJRYX YDAaQRVW

Primjer takve funkcijeX VYUKX RSWLPLUD®MD VXVWDYD |]DaWLWH

2T, Fece:? © BT e B °

ST c
(T, LsFOs,m T :?;q E Sg m

. 412
"-éé:%’,F-é-:Zﬂ,q (4.1

SUL pHPX MH
Sy- WHALQVNL IDNWRU FLMHQH UMH&HQMD
?2:T,- FLMHQD THSRIMD]|UDpXQDYDPR NYDOLWHWX
-é-:%- minimalna cijena u skuph UMHaAHQMD

g §.%- maksimalna cijenau skupi UM HaAHQMD

Se- WHALQVNIM HONRWIPPW QRVWL XVSMHAQRVWL QDSD
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NT;- YMHURMDWQRVW XMSIFE QIR WM HEHBNDHE D

-é-:ﬁ,@,- PLQLPDOQD YMHURMDWQRVW GD iiH QDSDG XVS
-gé:ﬁ,’g- PDNVLPDOQD YMHURMDWQRVW GD iH QDSDG XV

2YD IXQNFLMP BRYMPDIQ QM YULMHGQRVW X] PLQLPDOQX F
YMHURMDWQRVW XVSMHAQRVWL QDSDGD RGQRVQR PDNVL

7DNDY SULVWXS VYRYyHQMD YL&A&HNULWHULMVNRJ SUREOF
nedostatakif89] 7HALQVNL NRHILFL Mdef@ivinju I X RN E LMWHH NFRLWDWLWIV HX W
UH]XOWDW RSWLPLUDQMD 2ELPpQR MH SRWUHEQR HNVSHL
SRVWLJOD |DGRYROMDYDMXuD NYDOLWHWD UMHaAHQMD K
ponavljanje algoritma optimiranj40]. Dodatni nedostatak je da kod nekih problema mala
promjena koeficijenata izaziva velike promjene u rezultatidd]. Rezultat takvog
RSWLPLUDQMD NRMH NRPELQLUD GYD FLOMD X MHGQR U
RQHPRJIJXUXMH GRQRAHQMH LQIRUPLUDQH RGOXNH

4112 9LAHNULWHULMVND IXQNFLMD

PrimjenaY L & H N Welfufkidijg, lu ddvidslu naagregatndunkciju, RPRIJXUXMH SURQDOD
skup SULKYDWOMLYLK UMHaAHQMD XQXWDU SURVWRUD SUHW

20L<rP3 SITD3a:T, Q(:T;= (4.13)

7DNDY VH VNXS UM H-apiQawim ilQsRudomiieddbind B YIRK UMH&HQMD

BT, L k(:T,& K OlPo (4.14)

Slika42f SULND]XMH VNXS UMH&GHQMD SUL pHIRxdrAtotm & SWLP D

neoptimalna su prikazanl U LALUHP
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Slika4.2 Pareol URQWD X RSWLPL]DFLML VXVWDYD WHKQLPp

(' je kriterijska funkcija i predstavlaNYDOLWHW X UMHa¥HQMDR NADHAP Gl WA IQ
Q D SDEELDAL V 8 bdpMtiti kdk®je i R s odnosnoP R dbistopti YLAH HOHPHQDW
NRML QDSDGDpX PRJIX SRVOXMHGORD WIRMHY MH GE DN ®/C
DULWPHWLpNH VUHGLQH YMHURMDWQRVWL ]D VYH SXWRY
kojima pojedini putovi poprimaju vrijednost vjerojatnogijedQDNX QXOL awR ]QDpDp
QDSDGDp VLIXUQR SRVWLIUILFLOMDpERSDGED O L IN®R E/UMPARQ |
YMHURMDWQRVWL SUHNLGD QDSDGD ]D VYDNL SRpHWQL H
(T, LA “@SZL\TU’ (4.15)

tadabi(:T;]D SXWR2XIH @RMH L SUHGVWDYQOWDORVEROMH U
odnosu na putové L Biiznose 30% i 40%, za koje je:T, Lraaw OHYXWLP UMH&HQ
kojem jedanli YL#®HRIXUILK SSWEPDRORIXIXMH QDSDGDpX SUROD
100% nije prihvatljivo.lz tog razlogauvodi se kaznaa putove p L M Bxjedrtdka nulipa

Q D p L QzanjinovuHN Y D O L W H \W: X;; hostalgartQalivi vrijednost ukuprog broja
SRpPHWQLK HOHPHQDWD
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2 Tgaza Ty Pr
Fia2TgLr (4.16)
i

ALI@S %ol \

(:T, L

8YRYHQMH ND]QH Q Dh|(4QLB)pR BRG X lidpditdbi QO Rn@prikvatljivin
UMH &RV BR P D & HoptimBrahfa FTidRO X :T; 1D S X W RXihopd 04d_i 90%
SUHGVWDY OM D( ORAEMNHwBIbsE rbivie p L RBjitnose 30% i 40%, za
koje je (:T; L ra wali bolje od putova 2,0% i 0% za koje je( :T; L Fs

412. 2SWLPLUDQMH GLQDPLpNLP SURJUDPLUDQMHP

IXPHULPND DQDOL]D VX \zsgrive B HW® K QLN N &D VDaQMdjegy IS R W S U |
SUHGVWDYOMD VDYODGDYDQMH SRMHGLQWH HWGIHB NG WHQ
SRWSUREOHPD NRULVWH |]D LIUDpXQ UMHAHQMD SRpHWQR
QDSDGD PRAH VH SULND]DWL UHNXU]JLYQRP IXQMZLMRP 6
NRMH VH NRULVWL |D UMHADYDQMH SUREOHPD X NRMLPD

NDR PRJXuL LJERU PHWRGH RSWLPLUDQMD RYRJ SUREOH
elemenata po odabranom putu nap&®&R aH VH SURYHVWL PHpMoBIG®RP |D UM
rukska OHYyXWLP VSHFLILPQRVW RSWLPLUDQMD VXVWDYD
HOHPHQWD ]J]DAWLWH X SUHWUDALYDQMX RSWLPDOQRJ

SUHWUDASRUQuBKEEBQRPMHQX NULWLPQRJ SXWD ,] WRJ U
UMHAHQMD ]D RGUHYHQX FLMHQX L] UDQLMH UHNXU]JLMH L
NULYD UMH&A&HQMD MHU YULMHGQRVW UDQLMH UHNXU]JLMH

4.1.3. Optimiranje evolucijskim algoritmima

2SWLPLUDQMX RGDELUD ]DAWLWQLK HOHPHQDWD L QMLF
HYROXFLMVNLP DOJRULWPLPD NRML VWRKDVWLpPpNH PHW
evolucijske procese u prirodi. Dva osnhovna principa evolusigdekciju i varijaciju,

SURYRGH QDG VNXSRP PRJXULK UMH&AHQMD NRMD VH QD]LY
SUHGVWDYOMD SULURGQL SURFHV SUHALYOMDYDQMD RQL
Y l8 vjerojatnost reprodukcije dominantnih jediki. Ovaj se proces u evolucijskim

DOJRULWPLPD VLPXOLUD GRG MiH@aRtetng jedirtde Ya\vpHeh&sSMID W Q RV
VOMHGHUXSIMRAUDBWMNMN DRM M MHURMDWQRA&UX GD UH VDGU;
X VWYDUDQMX @produksijay MOHDAHQMDIF LMD RSRQD&D SURPMHQ
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rekombinacije gena i mutacjia=DKYDOMXMXiuL RSHUDWHULPD YDULMD!
SUHWUDA&AXMX SuyRWitthR UE MM BHEWRMDUIL O RWwail)aogjédljistQ L P X P H
na oblik ili kontinuitet S DUHWR ITURQWH X RGQRVX QD PHWRGH PDV
velika su prednost evolucijskih algoritan&lika 4.3|prikazue NRUDNH X L]YRYHQMX ¢
evolucijskog algoritma.8 SRpHWNX DOJRULWDP LJUDYyXMH SRpHWQX
odvija proces evaluacije, rekombinacije, mutacije i selekcijeds%ese ne zadovolji uvjet
]JIDYUAHWND L]YRYHQMD 1DMpH&UL MH XYMHW PDNVLPDOL
LVWRYUHPHQR XYMHW SUHNLGDURREEH BIML P I JRRRGDIyIHND S R
posljednjihiteracija

Slika4.3 3URFHV L]YRYHQMD HYROXFLMVNRJ DOJRULYV

(YROXFLMVNL DOJRULWPL SRND]DOL VX VH XpLQNRYLWL
SULPMHQMXMX X[M4WRPLEARGUXKWMIXILMVNLP HYRENEFLMVNLF
Multiobjective Evolutionary Kyorithms 02($ SRNXabDYD VH SURQDUL VI
RSWLPDOQLK UMH&AHQMD XQXWDU |]DGDQRJ EURMD LWHUDI
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Prema SULVWXSX UMH&ADYD@GEMBPRSHYRIE OSIR® LnbkblikoL Wista.
IDMMHGQRVWDYQLMD MH P HaymRgatBonfuNkRijph @ajednosttud&iH N U L W
problem, kako jeopisanou poglavljui4.1.1.1 DominantnijeMOEA metode po udjelu
NRULAWHQMD L P R sufnef@de\pWsiupsribaramhl @aPopulaciji imetode s
pristuypombaziran na Paretfront. 5SD]J]OLND MH QeppavQli prdzedidelwkije/

Metode zasnovane na populadiipr. Vector Evaluated Genetic Algorithm, VEGAg
XVSRUHYXMX N Yria@iinvdijeld Kopulec(ehdapWrareto metod, YHU X VYDNRM
generaciji dijele populaciju na manje populaé¢gedpopulacije)prema funkcijama ciljalz

PDQMLK SRSXODFLMD VWYDUD VH QRYD SRSXODFLMD SUL
odabira imaju kvalitetnije jedinke iz pojedine podpopulacije. Nedostatak ovakvog odabira

MH a@&4WR MHGLQNH pVMBpPpORDGRWHWDX WHLPUBRGSRSXODI
YMHURMDWQRVW RGDELUD RG RQLK NRMH VX PRAGD NYI
UQDSUMHYHQMH SURVMHpPQH MHGLQNH PR&H UH]XOWLUDW

KYDOLWHWOQLML QD pLaeRé&vdtije k@istd &dde MhsnoManesSna Pareto
odabiru. U prvu generaciy takvih algoritama spadajdondominated Sorting Genetic

Algorithm (NSGA) NichedPareto Genetic Algorithm (NPGAMultiobjective Genetic

Algorithm (MOGA) Druga generacija algteama zasnovanih na Pareto odabiru uvodi
mehanizanelitizma, o)dnRVQR pXYD QDMEROMH MHGLQNH RG L]PMHQ
RVLIXUDYD SULMHQRYVY X VOMH G H WwrndbHdenttd)iFza MvakuV L M H N |
MHGLQNX SD WDNR L |D QDMEROMX SRVWRML YMHURMDW
biti promijenjena tijekom varijacije. U drugoj generaciji ta je vjerojatnost jednaka duli.

ovu kategoriju spadaj&trength Paree Evolutionary Algorithm (SPEA, SPEA®Pareto

Archived Evolution Strategy (PAES)iched Pareto Genetic Algorithm 2 (NPGAI 2yugi.

&LOM YLAHNULWHULMVNRJ RSWLPLUDQMD MH SURQDUL VN
VX GRYROMQR UD]JOLpLWD GD SUHGVWDYOMDMX FLMHOR S
popularan algoritam druge generacije evolucijskih algoritamidojedominated Sorting

based multiobjectiveNSGA-II) [44] ]DVQRYDQ QD JHQHWVNLP DOJRULWF
HOLWLVWLpPpNRJ RGDELUD MHGLQNL ]D VOMHGHUOX JHQH
]JDGUADYDQMD UD]QRY UV QR K MWQDQMHELHKQ WMNDHLA IS @ WD F D&Q W®I N
SULND]DQR MH YLAHNULWHULMVNR RSWLPLUDQMH VXVWD\
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4.1.3.1 Provedba NSGA,, QDG PRGHORP |DAWLWH aWLUHQRJ REMH

Slika 4.4| prikazuje blokVKHPX RSWLPLUDQMD V XWwdggriilmgm» & W L W H

(YROXFLMVNL DOJRULWDP SUHGODABIDpPNMHEHD VDL MBQNXRNM
HOHPHQDWD SULPLMHQMHQLK X UMHAHQMX L YMHURMDWQ
HYDOXDWRU RSUHPD &WLUHQL SURVWRU ]DAWLWQLP HOH
SRPHWQH HOHPHQWH

Slika4.4 Blok-shemaRSWLPLUDQMD VXVWDYD ]DaWLWH HYROXFL

SBURYRYHQMH RSWLPLUDQMD HYROXFLMVNLP DOJRULWEF
SUHWUDALYDQMD QDG NRMLBURVWERYRGH WRJSSLE D QMPM
SULKYDWOMLYD UMHAHQMD PO XXNHRWREXOFVY N WNULPaB ORIRW L
se koriste genetski algoritmi U praksi provedbe genetskih algoritaniénarni prikaz

UMHGAHQMD GDMH GREUH UH]XOWDWH SD Wkiordh RPRVRP P
RSWLPLUDQMH SUREOHPD RGDELUD L UDVSRUHYLYDQMD
definiran tako dapisuje njihov odabir i lokacijma objektt V- YLAHVWUXNLP EURMHIF

pozicija.

Slika45 SULND]XMH SULPMHU REMHNWD ]D NRML VH SURMH

WORFUWRP REMHNWD LVFUWDQ MH JUDI PRIJXUHJ NUHWDAQ
I devetveza yYYRURYL YUDWD=9 SUHGOMYRYGBMDMX PRJIJXuUH HOI
SURVWRULMD SUHGVWDYOMHQD pYRURP 3 SUHGVWDYOMI
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Slikad5 S3ULPMHU aWLUHQRJ REMHNWD

Tablica4llVDGUA&L VYH WLSRYH JUDGEHQLK HOHPHQDWD NRU

VH QDSDGDp PRaAH NUHWDWL 8] QMLK VX SRSLVDQL ]Daw
VYUKX SREBRDWILAW ) NREEMHNWD

Tablica4l SBULPMHU SRGUADQLK |DAWLWQLK HOHPHQTL

Gradbeni element SRGUIDAQWLWQL HOHP

Model [Host elemerjt Model [SupportedSecurityElemehts

Vrata (Vxx) Protuprovalna brava (PB)

Magnetski kontakt (MK)

Prozor (PZxx) ~DAWHWKWNH 54
Detektor razbijanja stakla (DS)

Magnetski kontakt (MK)
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Zid (Zxx)

Detektor vibracija (DV)

Prostorija (Pxx)

Infracrveni detektor (ID)

Dualni detektor (DD)

Ovi su podaci dostupniizmode@ RIJLpNH UD]LQH .aWgdelohh (¢ RefinReadiH N W D
da pimjena [DAWLWQRJ HOHPHQW DY IBLRWHHPGIF [ M ®|OE@ERTAX@NR Y L
GHWHNFLMH X] QMLKRYX RYLVQRVW R VSRVREQRVWLPD Q

Tablica 4.2

LIJUDGLWL SURVWRU SUHWUDALYDQMD

prikazuje GRGMHOX ]DAWLWQLK IQOHRWQRWO pHRBDWVH M

Tablica4.2 Podaci za izgradnju matiH SURVWRUD SUHWUDALYDQMD

Lokacije V01 Pz01 PO1.1 P01.2 Z01 V02 P02
Vrsta
gradbenog | Vrata Prozor  Prostorija Prostorija  Zid Vrata | Prostorija
elementa
SRGUAD{ PB 54 ID ID DV PB ID
IDAWLWY ik s DD DD : MK DD
elementi

- MK - - - - -
Ukupan broj
]JDawLwW{ 2 3 2 2 1 2 2

elemenata
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Slikad6 SBULPMHU aWLUHQRJ REMHNWD SULND]DQ JUL

ORJXUH UMHAHQMH PRAHPR(skb4FEVWDYLWL NDR YHNWRU

V01 PZ01 PO1.1 | PO1.2 | Z01 V02 P02

=Daw

element

PB MK | 54 DS MK |ID DD|ID DD|DV |[PB MK |[ID DD

Pozicia | 1 2 |3 4 5|6 7|8 9|10|11 12|13 14
bit-a

Slikad.7 3URVWRU SUHWUDALYDQMD SUHGVWDYOMHQ

PUHGORAHQR UMHA&HQM Hir |DaEAW/LLW/D L K R-MOHIP pIlQDLWRG@D SR M
REMHNWD PRA&H Vhiha®ivek@rVWDYLWL NDR

TL =T é.T6é§. a7 (4.17)

SUL pHaPokbitdta > RGUHYHQ ENRMMUHPP GRVWXSQLK ]DEAWLWQLK
b Y dvicha

>Li =ARj a (4.18)
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Za objekt iz primjera, MHaAHQMH * " RGQRVQR X ELQDUQRP SUL
0 0 0], postavlja protupvalnu bravu na V01, magnetski kontakt na prozor PZ01 te detektor
vibracija na zid Z0]slika 4.8).

Slika4.8 $NWLYLUDQL HOHPHQWL ]DAWLWH

8 VYRMHP L]YRYHQIMMX FAIM®POQR VWYDUD SRPHWQX SRSXO
NRMXOELDNDUQLK YHNWRUD 0MaeXdpDinedyaler R GFE ReHRi P

broj iteracijealgoritma PMHG QDN MH QXOL (YROXFLMVNL SURFHV V
iteracija. ORJXUH MH SRVWDYLWL GRGDWQH Xpondiaskeoyib [DYUAEH
UMHEHQMD X QHNROLNR X]DVWRSQLK LWHUDFLMD

U procesu evaluaciie z¥ YDNR SUHGORAHQR U MidarimwdkibonS UH GV W I
LIUDpXQDYD VH pFemMiH@ifhlaW.&[ P*(&I.\ZL[I Mikcija dobroteprema izrazima
(4.16) i{(4.14). |Slika4.9|prikazuje S U H G O R & H,@MpithWaHskuib QudIKDji se nazivaju
frontama. SBULSDGQRVW IURQWL NRULVWL VH X SURFHVX VHOHT
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Slika4.9 3 U H G O R & H QrDpitard prieirta @aMyD dominacije

6YDND ITURQWD SUHGVWDYOMD MHGLQNH NRMH SULSDGDM
dominira jedinkuMako vrijedi da je cijena jedinkemanja od cijene jedink&la vjerojatnost
prekida napada za jednkuYHUD RG YMHURMDWQ RMgdNdsnE UHNLGD QDS

L7 ML ?KQPO?KOWe 2;L; P 23 M4 (4.19

Slika 4.10| prikazuje pseudéod algoritma za provedbu grupiranjadinki u fronte

dominantnostiU svakoj iteraciji grupiranja pronalaze se dominantne jedinke kojima se
dodjeljuje skup dominiranih jedinki. Dominantnosd GLQNH XWYUyXMH VH EURN
GUXJLK MHGLQNL GRPLQLUD WUHQXWQX MHGLQNX L WD \
slika 4.10| linije 03-09). Ako njedna jedinka ne dominira promatranu jedinku, ona se
SURJODADYD GRPLQDQWQRP L VP M({dli&kau.mO| Xnip MOKLS) GRPLQDQ
VOMHGHUOHP NRUD NixXskdpahldhireintMHedibKp dzimaju se sve iz njezinog

skupa jedinkeML] VNXSD GRPLQLUDQLK MHGLQNL L XPDQMXMH L
slika 4.10( linijje 1519). Svaka dominirana jedinkMpLMD MH QRYD YULMHGQ
GRPLQDFLMH MHGQDND QXOL SRVWDY O M®k&LONiNFeOMHGH G
20-22). Postupak se ponavlja sve dok skup dominiranih jedinki ne postane prazan skup.
5HIXOWDW SURYHGEH DOJRULWPD MH GD VYDND SUHGORF
odnosno razreda, kojem pria
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00 Grupiraj_jedinke _u_fronte_dominantnosti (PopulacijaP ) {
01 zasvaki (puP{

02 p. VNXSBGRPLQLUDQLKBUMHAHQMD >@

03 p. E UR M @ominacije =0;

04 za svaki (g u P){

05 ako (p dominira Q)

06 p. VNXSBGRPLQLUDOQLKEBIoddjH&@H Q M D

07 LQDpdhko (g dominira p)

08 p. E U R M @ominacije = p. EUR M @ominacije +1,;
09 }

10 ako je (p. EUR M8ominacije =0) {

11 p.razred = 1;

12 fronta[1]. dodaj (p) ;

13 }

14 i=1

15 dok je  (frontal[i] =0 {

16 LGXUDBIURQWD >@

17 zasvaki  (p u fronta[i]) {

18 za svaki (9 up. VYNXSBGRPLQLUDQLKBUMHAaHQMD N
19 g. E UR M @ominacije = ¢. EUR M 8ominacije - 1
20 ako je T E UR Mdominacije =0){

21 g.razred =i+1

22 L G X i D B | U RdQdA| Q) ;

23 }

24 }

25 }

26 i=i+1

27 IURQWD>L@ LGXUDBIURQWD

28 }

29 }

Slika4.10 Algoritam grupiranja jedinki dronte dominantnosti

2SWLPLUDQMH VXVWDYD ]DOW & WORAGEIMEIY 0 °F L © WD pSHIP X1 H
je 0O EURM MHGLQNL X SRSXODFLML &WR MH EROMH RG XVS
je VORAHQ&RY W
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Pripadnost rangu dominacije nije jedino svojstvo jedinke koje se koristi za usporedbu u
SURFHVX VHOHNFLMH 2QR XWMHpH QD NRQYHUJHQFLMX S
RGDELU GRYROMQR UD]JOLPpLWLK UMHaH®Q dpimdrie WobteSUH GV W
RIHAHQIMINRMD XQXWDU SRSXODFLMH SRVWRML YL&H VOL
PHYyXVREQR P 0Ornjt Bu] BithadN X pocesu selekcije BIQLK pLMD NYDOLW
]QDPDMQR UD]JOLNXMH RG GUXJL$i kialfeReJexiiokd B divgima, 3 U R F M
RGQRVQR JXVWRUH UMHAHQMD NRMD RNUXa&XdMiXseSURPDW
LJUDPXQRP SURVMHRER 6 YX.ALHO K) BUgbRADddra po Ryekdrh cilju

optimiranja(slika 4.11).

Slika411 2GUHYyLYDQMH XGDOMHQRVWL GR VXVMHGQLK

Slika 4.12| prikazuje pseudekod algoritma koji svakoj jedinki populacije dodjeljuje

LIUDpXQDWX YULMHGQRVW JUXSLUDMXUH XGDOMHQRVWL

'RGLMHOLBJUXSLUDMXiXBXG DO M H BoR0A%B Gl Ciedi D P D )

{
EURMBUMHAHQMD; 3

za svaki (p u P){

p.udaljenost = 0

}

za svaki (cilj u Ciljevi) {

P. Sortiraj_po_cilju (cilj)




4. 2SWLPLUDQMH RGDELUD L UDVSRUHGD ]JDAWLWQLK HOHPH@DWD X SU

3> @ XGDOMHQRVW 3>EURMBUMHAHQMD®@ XGDOMHOQR
zai od 2 do EURMBUMHEHQMD

P[] . udaljenost = P[i].udaljenost +
(P[i+1].vrijednost_cilja - P[i -1] .vrijednost_cilja) /
(max_vrijednost_cilja - min_vrijednost_cilja)

Slika4.12 Algoritam GRGMHOH JUXSL ydditkKuH XGDOMHQRVWL

Proces se provodi za svaki cilj optimiranja. Populacija se sortira po vrijednosti kvalitete cilja

]D NRML VH SURYRGL LJ]UDpXQ JUXSLUDMXUH XGDOMHQRV\

VH PDNVLPDOQD YULMHGQRVW |]D JDEKXY DO M X% UKRGFHHO/MH\G

Za ostale jedinkdgJUXSLUDMXUD XGDOMHQRVW UDpXQD VH NDR
?KORs; F ?KABs; _ 2lys; F 2alps;

Q@=HFAJK O e O+ 7KOP +fE2y Fece2e (420

SUL pHPX VH PDNVLPDOQD L PLQLPDOQD YULMHGQRVW F
vrijednost ciljazajedinke koje pripadaju istoj fronti kojoj pripada i trenutna jedinkdadinka

pLMD MHRXWDIJXBQUDQMD PDQMD QDOD]JL VH X JX&auH ]D
MHGLQNH pLMD MH XGDOMHQRVW JUXSLUDQMD YHUD 9

svojstvo jedinke koje se koristi u procesu selekcije.

Svojstva pripadnost rangu dominacijejnosno rang fronte u kojoj se jedinka nalazi i
YULMHGQRVW XGDOMHQRVWL JUXSLUDQMD RPRJXUXMX X
NRMLP VH SURYRGL XVSRUHYyLYDQMH MHGLQNL X VYUKHX
optimalne fronte. Operator usporedbe gty DQMD XV SR ULH MXpiod OMDHIG LY @N H
dominantnom jedinku L ako vrijedi :LAN=VNRAMIN=VNA@ L3 =V NA @
MN=VNA®@Q @ =HFARIMP®P=HF A JIR@®z+usporedba provjerava je li rang
dominacije jedinkeLYHUL R G U D QUAKko ishénii, @aeHe jedinkdtlominantnija.

$NR VH REMH MHGLQNH QDOD]JH X LVWRM IURQWL WDGI
JUXSLUDQMD YHUD

Slika 4.13|prikazuje proces stvaranja nove populacije kojim NSGARVLJXUDYD HOLWI

RGDELU UMHAHQMD ]D VOMHGHUX JHQHUDFLMX aLULQX UM
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Slika4.13 Proces stvaranja nove populacije u NS{EA

U svakoj iteraciji Fiz populacije 2. Y H O Dgeg@tskim operatorima stvara se dodatna
populacija3;s 0O MHGLQNL -HGLQNH L] REMH SRSAXODNHIONHL|@M H
t0. Nad populacijom4. provodi se grupiranje jedinki u fronte dominantnosti, odnosno
VYDNRM MHGLQNL SULGUXaXMH VH R]QDND IURQWH NRM]I
jedinke iz skupa4, prebacuju se u novu populacijt. s koja ukuS Q RV D @dirki.
-HGLQNH VH SUHEDFXMX SUHPD SULSDGQRVWL IURQWL S
IURQWH LPD QLaX YULMHGQRVW S3URFHV SUHEDFLYDQMD

b

I (yOo (4-21)
-

SUL pH By¥rdyjedinki u Boj fronti, a (, ]DGQMD IURQWD L] NRMH VX SUHE

Nad frontom(p-s SURYRGL VH JUXSLUD Mtxkio 0a Wipgdi QLUVND VHOHNF

b

I (WE/ LO (4-22)
-
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S UL p H/PBfojhettnki koje se dodaju populaciff.ss SURYRYHQMH JUXSLUDMXU
selekcieRVLIJXUDYD SULMHQRY QDMEROMLK MHGLQNL X VOMH

4.2. Hibridna metoda RSWLPLUDQMD SR]JLFLMH L YUVWH ]C

8 SURYRYHQMX SURBRYIDFIRVGAVILPY U DY M DFCREANL WD LLKY NHFROUHLPV
poznavanje domenX VYUKX XEU]DQMD SURQDO(BIMNrIRaN;%Ek@LWHWQI

414 X RGQRVX QD VWDQGDUGQL SURFH {¢liHa}a3R §idp@dd D HY RO

RSWLPLUDQMX MH NRPSRQHQWD NRMD SULMH L]YUEADYDQ
SURVWRUD SUHWUDALYDQMD L]JEDFLYDQMHP HOHPHQDWL
UMHAHQMLPD 2YDM VH SURBHYWLS |@lgtrtyil ko \CR PRE B a H

UMH&AHQMD 6OMHGHUla MRS XEDPINVMHQURUVMOWH(DWHM GRP
XPLQNRYLWRVWL HOHPHQDWD ]D&8WH®® DR DIQWMHP RS RIVHW Q b
VPDQMXMH VH EURM LWHUDFLMD SRWUBRBEQDR LK UWMHEMX
Navedeni postupci su doprinos u obliku hibridne metedeWLPLUDQMD SR]JLFLMH L

elemenata

Slika4.14 3URFHYV L]YoRdgijskaqpMdbritinas elementima hibridnenetodeoptimiranja
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421. 2SWLPLUDQMH SURVWRUD SUHWUDALYDQMD

$XWRPDWL]JLUDQR VWYDUDQQIH DGDIRS B R D X&aiW U UGN QHRW DREND
sve pY R UdRafaHkojimabi VH QD SPIRGDR NUHWDWL OHYyXWLP PHyX
pYRIUURRFML QHUH SULSDGDWL QLWL MHGELROR RN\ RWMIHP  BOERP |
U M HH H @aWwakw\pY R URS U L Sebe2dPMRYIX VH XNORQLWL L] JUDID PR
QDSDGDpPD EH] XWMHFDMD QD NYDOLWHW anjehM prastbeaM D 1 M
SUHWUDAL&BQaMjiDeWLRYWWRU SUHW U D pibblerRal XelemkntlkbjiH a H Q M I
VX QHSRWUHEQL ]D RSWLPLUDQMH PRJX VH SURQDIUL NRQ!
postavljanjem svinDaWLW QLK HOHPHQ D Wt Bleddisha NMUHH WRDIXMPU & W L il
objekom NRML VH QDOD]H NILOL\8 UR@B NBXRPROJRULWDP PR&H
SUHWUDALYDQMHP DNR QH SRVWRMH QRYL pYRURYL NRML
puta kretanjalSlika 4.15|prikazuje pseudt RG DOJRULWPD NRMLP VH L] SUR\

izbacuju nepotrebni elementi.

Optimiranj e _prostora _ SUHWUDALYDQMD

SURQDYHQLYYRURYL >@

L]YUaDYDM
SUHWKRGQR3URQDYVHQ IS{YRURMOQLYYRURYL
NULWLPQL3IXWRYRQDYL.ULWLPpQH3IXWRYH=D6YHBRpHWQHYYR
za svaki pYRU NULWLPpQL3IX{WRYL

pYRU DS pYRU DBRGLMHOL VYH |IDAWLWQH HOHPHQWH

}
SURQDYHQLYYRdAd&®R YihY RU

}

sve dok nije

SUHWKRGQR3URQD Yy HQthynPRdslRYML SURQDYHQLYYRURYL

/I uklanjanje nepotrebnih elemenata
za svaki element u SURVWRUSUHWUDALYDQMD
ako element nijeu SURQDVHQLYYRURYL
SURVWRU3UHW U &lond D(@Idhiznt ) ;

Slika4.15 $OJRULWDP RSWLPLUDQMD SURVWRUD SUHWI
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Slika41l6fSULND]XMH SULPMHU JUDID QDG NRMLP VH SURYRGL

YYRWSUHGVWDYOMD SRpHWQL HO I F B @rédsiaviMRilhdphda.D SD G D
Grd ngslika4.16(a) prikazuje svp Y RURWHSULPLMHQMHQLK |DAWLWQLK H
NULWLPpQL SXNétedh Y& URstailjaju seVYL GRVW X 8l€reniiD p WAV Q
SRVWLAHPR PDNVLPDO@X BV AWALiVE otljBrdo 8 XkapDaktiviranih

pY®&?2 3ULPMHQRP QRYLK HOHPHQDWD |]DaWLWé&akoPLMHQM
prikazujegrafn@b), QDVWDMH QRY LDNA) LW ERDIL BPQDpH QL VLY
bojom predstavljgup YRURDPHNRMH VX SULPLMHQMHIQLbL\WQM. VDNX\S L
aktiviranih pY®v& 2 yY Rlhalazise naNULWLPpQRP SXWX Zpa@ubeH pODQ
GRGDMX VYL GRVWXSDRLY PMEHEMVWVDQLDHOHBPM YWKESHUHP NRL
postavljajuseDNWLYQL ]DawLW QY RHURNMHHZIAVC, @ B} Vpradalazi
NULWLPpQL SXW $ (|slikadN@rN K YSHEULijN Edrifevitiskup, a nalazi se

QD NULWLPpQRP SXWIX SPONVH IR BVRNDERDIQMH NULWLPQRJI SX)\
]DaWwL pi & {A, C, D, E, G}.|Slika4.16|d) prikazuje da je za takvu konfiguraciju
AWLOUHQRJ REMHNWDSNULWLNEMISXOWM §DSDEGD QLWL MHGDQ
X RGQRVX QD pQ@D GROYIR VINXBD SUHV WD MrisuWUdkéneMi L QR Y K
SRVOMHGQMH SURQDYVHQR 2 SlijetiiZhapiaRjd s BHE Wiy §k@bl aD QL X
0 koji nepripadaju skupu . S U L S Dvez3 kakolprikazujeslika 4.16(€).
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Slika4.16 Primjer grafanadlNRMLP VH SURYRGL RSWLPLUDQMH SURVW

4.2.2. Inicijalizacija populacije N R U L a Wish@@iliddznanja

2SWLPLUDQMH VXVWDYD PRAH VH SURYHVWL JHQHWVNLP I
VWYDUD VOXpDMQLP ELQDUQLP YHNWRWIAARY DQ BR]RPRIQ
VWYDUDQMH SRpHWQH SRSXODFLMH NRMD SuXxaD DOJRU
RSWLPDOQLK UMHaAHQMD 3DUHWR IURQWH ]D RGUHYHQL EL
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6PMHAWDM ]DAWLWQLK HOHPHQDW4S5]. {SUkd B prHprikaiujeQ MLKR Y
RYLVQRVW XpLQNRYLWRVWL GHWHNFLMH HOHPHQWD ]D&V
VPMHAWIS® pHWNMNK QDSDGD LPD YHUX XPLQNRYLWRVW X RC
FLOMX QDSDGD 3ULPMHU MH GD LVWL GHWHNWRU YMH
PHWYUWLQL SXWD QDSDGD LPD XpLQDN GHWHNFLMH QD
zadnjupHWYUWLQX SXWD VDPR XpLQND

Slika4.17 8WMHFDM SR]JLFLMH ]JDAWLWQRJ HOHPHQWD QM)XpLQNRY L

Slika 418 SULND]XMH RYLVQRVW XpLQNRYLWRVWL EORNLUD!

udaljenosti od cilja napada6f ; 6 $SVFLVD MH SULND]DQD RG YHUH
manjoj kako bi se vizuB QR SULND]DOD RYLVQRVW XpPpLQNRYLWRVV
HOHPHQWD 3RVWDYOMDQMH HOHPHQWD EORNLUDQMD
YMHURMDWQRVW |DXVWDYOMDQMD QDSDGD RG EORNDWR
napada. Primjer e XVWDY X NRMHP MH R G @RiMukYpodd Ritd@eba |DaW L\
SRWUHEQRJ QDSDGDpX &RGedBaR [DIBYY taba @ D&pBnBDelementa

blokiranja postavljenog na 3/10 ukupnog puta 40%, a postavljenog na 7/10 puta je 99%.
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Slika4.18 8WMHFDM SR]leenéhtaQ D XNPLYDRREORNLMEHOMD SUHX]H

2YLVQRVW XpLQNRYLWRVWL GHWHNFLMH L JuuGigtarfaYy DQMD
QDSDGDpPD PRA&H VH LVNRULVW L VBivaju serL\ret®j&inki 8Bageh HW Q H €
VH SULPDUQR UD]JOLNXMX SR UD.QLP R LWHH QJHE I8 H HIBYIR & 1D QR
UMHEHQMD SRNULYDMX XVNL V HER#GE/OBISIR VAR tkipasS U H W L
PYRURYD SRPHWQL VXVMHGQL FLOMQRP pYRUX WH RQL N

PYRURYD NRML VX
XWMHpPH QD YL&H
PYRURYD $ % L &
FLOMQRP pYRUX -

pODQRYL YLA&H NULWLPpQLK SXWRYD XpL

Slika Av9. B Q HIG\BW I/ ROMMD WUL NULWLPpQD S

YyYRU * SULSDGQLN MH YL&H NULWLDPQ

Slika4.19 =QDpDMQL pYRURYL QD NULWLPQLP SXWRYL
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3UYRP YUVWRP MHGLQNH &HOL VH SRVWLUL PLQLPDOQR
DOJRULWPX GD GRGDYDQMHP ]DAWLWQLK HOHPHQDWD X
UMHAHQMD 6RQNRPMAYRHXHOHPHQW VNIXIS®HSREAWQLK |
Ri25585= GRGMHOMXMH VH MHGDQ RG GRVWARQbKMDAaWLW

YMHURMDWQRVW GHWHNF lpM RRYXH. kgjHSI D HRGK R & D HF IRBBM Q R R b
PHWRGD GRGMHOMXMH MHGDQ RG G RMWRy%S QleMijeng W LW Q L k
]DGUADYDQMDY@BIWDIEDpPD MH

OHWRGD ]D LJUDGX GUXJH YUVWH MHGLQNL SRVWDYOMD ]
SRPHWQH pYRURRWDNU L WAWQWKQISXMWHPHQWH VD VYRMVW Y
Rgos: NRML SUHWKRGH FLOMX QDSDGD 8] SRpHWQH L ]DYLU
SRMDYOMXMX X YL&AH NULWLPQLK SXWRWREQPS®GEB RGQR\
R PostavjaMH ][DAWLWQRJ HOHPHQWD QD WDNYH SRJLFLMH L\
bLPH VH HYROXFLMVNRP DOJRULWPX RPRJXUXMHaLVWUD&
bODQRYHSARWMVBDYOMDMX VH ]DAWLWQL HOHPHQWL VOXpDM

OHWRGD X HWNZ/WWWHGLQNH LVNRULAWDYD VYH GRVWXS
QD SRpHWQH pYRURYH |J]DWLP VXVMHGQH FLOMQRP pYRU>
SXWRYD .RG RYDNYH MHGLQNH RpHNXMH VH GD UH SUR®
uklanpWL SRMHGLQH ]DAWLWQH HOHPHQWH L RSWLPL]JLUDWL

4.3. Napredna metoda optimiranjaiskustvenim evaluatorom

Evolucijski algoritmL SUHGODA&X UMHAHQMD ]D NRMD RG HYDOXDWEF
SULMHGORJ UMHAHQMD VDGUAL WHN X NIDIE&WIDWIQLRDHBB8PRH
NUHWDQMD QDSDGDpD =D VYDNR SUHGORAHQR UMHAEH
SUHWUDALYDQMD L SURQDUL NULWLpPpQH SXWRYH QDSDG
SUHGORAHQRJ UMH&AHQMD 3 U Rinjdd Laldipvalix MréjRzinj&éa R FHV D
SURVWRUD SUHWUDALYDQMD L WUDaHQMD NULWLPQLK SX
LIEMHJDYDMX QHSRWUHEQH L]IPMHQH SURVWRUD SUHWUL
smanjuje broj potrebnih iteracija optimirana SRVOMHGLPpQR VNUDUXMH YL
LlyuabDYDQMD



4. 2SWLPLUDQMH RGDELUD L UDVSRUHGD ]JDAWLWQLK HOHPH®DWD X SU

2SWLPL]DFLMVNL DOJRULWDP X]JLPD X RE]JLU LVNXVWYR
HYDOXDFLMDPD L GRQRVL RGOXNX WUHED OL L]JYyUaLwL C
QD RVQRYX UD QnlaneH odalvat p Mr&XiR kad rezultat spremljenu vrijednost
HYDOXDFLMH =ERJ QDpLQD UDGD RYDteRPel®MiRGB QDI]LY
domerskom iskustvyengl. Domain Experienced ExploratioD-EX2) [3].

Slika 4.20| prikazuje shemuwalgoritmaD-EX2. U prvom korakualgoritmaprovjerava se

WUHED O LfuhHdijDchjXij® WM H & H gokheb YIBIRVQRYX UDQLMLK L]JUD
UMHAHQMH 8 RAMNUBRHQDAMWRWDQGDUGQL HYDOXDWRU NRML
SURQDOD]L NULWLpPQH SXWRYH |]D VYH SRpHWQH HOHPHC
vjerojatnost prekida napada OHWRGD LVNXVWYHQRJ SUHWUDALYDQMD
UMHAHQXWK UGB EJUDpXQH L YUDUD HYROXFLMVNRP DOJRUL
SRVWLIJIQXWX YMHURMDWQRVW ]DaWLWH

Slika4.20 OsnovnashemaevaluacijemetodRP LVNXVWYHQRJ SUHWUDALYDQMD

2VQRYQL NRQFHSW SURYMHUH WUHED OL LJ]UDpXQDWL NYC
OL SUHGORAHQL VLIXUQRVQL HOHPHQWL XWMHFDM QD SF
WUDAHQMHP SUHVMHND JUDGEHQLK HOHPEQOWD J®B&E WNRMW
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HOHPHQWH L JUDGEHQLK HOHPHQDWD X UDQLMH SURQDVH
UMHEHQMD V SUHWKRGQRP SURQDJyHQLP UMHAHQMLPD S
HOHPHQWL QHPDMX XWMHFDM QD SR]QDWH XQDWDWQ H XX
FLOMD YHU SURQDiUL SR]IQDWR UMHAHQMH NRMH RGJRYDUI

Slika 421 SULND]XMH S U L Palgatitthid DIEX2.R BHQKgiDpredstavijanockel

PRIJXUHJ NUHWDQMD QDSD @ DR{A/ B, CWRBEE, G} HoReGaniht$G D P
jedanaesteza YYRJUSUHGVWDYOMD HOHPHQWDpPN Rdpaday & YNR\RU LV W L
G predstavlja cilj napadaAlgoritam D-EX2 SUL L]Y vyarh@mddstdienu strukturu
SURQDYHQLK UMHAHQMD X REOLNX VWDEOD SBR]JLFLMH S
WDNR GD VH NUHWDQMHP NUR] VWDEOR PRaH ]DNOMXpLW
REQRYX SURVWRUD SUHWUDALYHDQWBDGROQDLJIUDNKNKXQWWH

vjerojatnost prekida napada.

Slika4.21 Primjeri optimiranja algoritmonD-EX2

Slika 4.21] pozicija 1 SULND]XMH SRpHW Q& iMpMeptvarih YDXAAMDAY@L

elemestD 7DGD MH RSWLPDODQ SXW {pAUGH B/ BXQ M D HIBOOSDIGE DY D
DOJRULWDP RS®MPLN B @H#Dkop Mdh@iHaciu ] D & W Elér@meta na
bYRIN&®Y, Di F, WDNYR UMHAHQMH QHiH XWMHFDWL QD RSWL
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]DAWLWQL HOHPHQWL VPMHAWHQL VDPR QD WH pYRURY]
Algoritam D-EX2 poY MHUDYD XWMHFDM SUHGORAHQRJ UMHAHQMEL
OL SUHGORA&HQ R UlMHPMHVG QLPpNH HOHPHQW Hpresjgk RYRP
SUHG O RAHHEREMHDVDGUAL NRPELQD PL I8 R pHHWHPLHQ 0 MXOS R P '~
E,G}biti tH SUD]DQ VNXS 7R ]QDpL GD SUHGORAHQL |DaAWLW:«
]JDAWLWH NULWLPQRJI SXW D algorit&mDEEX2, kadBreiRaPewal0axifeP M X
YUDUD UDQLMH LJUDpXQDWH YULMHGQRVWL IXQNFLMH FLC

6OMHGHUL SULRMHUMHHE ISQMB O\RRAMH VDGUAL |D8BWAL.WQH HO
F}  3UHVMHN VNXSD "% & ) LASR EHOMESRUb{G}U PrabsthI@ RJ S X W
GYD pYRUD %kbtrakuXQ RRFRBRMX XWMHFDNYQD X\DW R/UW pPSRYV B320W O V
elementQD pYRUMHQMD SURVWRU SUHWUDaU %@ pibjeku WUD AL
MH UH]XOWDW SUHWUDJH |]D NULWLpPpQLP SXWRP V ]DawLV
E,G},kakopokazuj@ pozicia2 3RPHWQRP VH VNXSX DNWLYQLK
** SULGRGDMX QRYL pODQRYL "% '~ MHU VH QDOD]JH QD I
PRURYD MH *$ % & ' ( * 3RQRYQR VH SURYMHUDYD XW
"% & ) QD VNXS DNWLYQLK pYRURYD *"$ % &é{B,( * L U
C, F} je {B, C}. Presjek nije prazan skup pgaritam SRVWDYOMEMmgmeanda LW QH T
PYRURYH % L & PLMHQMD SURVWRU SUHWUDALYDQMD L
SR]LFLMD 6NXS DNWLYQLK pYRURY & rjeov(pesiS8iLR a4 L U X M
SRpHWQR SUHGORAHQLP UMHAHQMHP "%%& &) MDD NVOINGQD!
MH GD pYRU ) QIR DWLM Bigai@RW-EX2 |D UH]XOWDW HYDOXDF
vjerojatnost prekida napad® URQDzZaHB, C} D FLMHQX VXVWDYD SUHP
elementimaVP MHaw H QR B{BOXIH-}.

1DNRQ SUHW K RIGaDREX2Ljd/ $tekiab @bvolo iskustva da izbjegne obnovu
SURVWRUD SUHWUDAaALYDQMD WUD&AHQMH NULWLPQLK SXW
SULMHGORJ UMHAHQMD {&C,E, Gl EFYRKINRUDO®IRULWDP Y
SRVMHGXMH LQIRUPDFL{NXB, ®, EUEWDp GRRVIWRWUX SUHWUDZa
SRVWDYOMHQLP ]DaWLWRQLP \HIONHHPGIIQIRAP LAWDH U BFL ML *$ %
) MH SUD]DYRMXSOMAD KWMHFDM Q BapaD-RE2N H@ani UL W L p Q
SUR QDspre@lien YMHURMDWQRVW SUHNLGD QDSDGD ]D NULWL
VXVWDYD |D |1DAWLWQH HOHPHQWH QD & )~
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=D SUHGORaKBQ®R DB} b griogy Mokbk A, C, E, G} é{B, C, D, E} daje{C,

E}. RanjH SURQDYHQR UMHAHQMH VD pYRURP & SRJLFLMD

( XWMHpPpH QD Kdkeé bM/ ISIRVMWESIMW. U D Q L M Y]®P$S®, EHRIdoMEma H QM X ]
VPMHawD |DAWLWQH HOHPHQWH QD{A®, OO, FIGISiikead OD L QT
na pozicijilslika 4.21] pozicijia 4 6NXS DNWLYQLK HOHPHQDWD % & (
HOHPHQWLPD NULWLPpQRJ SXWD LR&RdW\RIVBEje s® sprema& ' (
NDR SRGUHYyHQL HOHPHQW RVQRYQRJ UMHAHQMD L QDVWI
presjekaktivnih elemenatdA, B, C, D, E, F, G} é{B, C, D, E} je jednak{B, C, D, E}.
$OJRULWDP DNWLYLUD ]Dvan {BAGQD B ipidiataONNUHL VD AR Y. RSMRNV
C, E, G}(slika4.21{ pozicija5) 8 VO M H G H ugradjek j¢/jetbdR Fahijd hasezadnje
SURQDYHQR UMHaAHQMH YUDUD NDR UH]XOWDW

PUHGORAHJREBE/MREDEVB QR MH ]D SULPMH EnjaUWpdQMD SUF
koraku{A, C, E, G} é{C, E, F}jejednakdC,E} ]D &WR YHU SRVWRML UMHA&H
SRGUHYHQR JODYQRP pYRUX QD SR]{4BNDLF, G}idkiwi LpQL SX
elementi {A, B, C, D, E, F, Gpoznaisuod ranije U VOMHGHUHP NRUD®X SUHVN
D, E, F, G} é{C, E, F} je{C, E, F}. Znanje od ranije zaoy&S ULMHGORJ UMH&AHQMD
SD DOJRULWDP SULPMHQWMXRYUGEBAWIL\S QR QG-DO0HH HANW H WILD Q
B, D, E, G}, prikazan na pozicijb 2YR VH UMHAHQMH GRGDMH NDR SI
U M H &€ & Mapoziciji4.

=D SUHGORAKBQH} altjdfitdid ip@ydhikorakuR G U HA& OVEH G} é{B, E} =

{E8 1H SRVWRML UDQLML ]DSLV R UMH&AHQMX ]D pYRU ( SD
V DNWLYQLP HOHPHQWRP N W Y{RQOIXDE R\E$ U BQUIRGADUXMH VN
DNWLYQLK HOHPHQDWD QD ~$ & ‘'dodajesekao SRGR A PHAEDQ R QW
osnovnom elementy{pozicija 7. 8 VOMHGHUHP NRUDNX SUHVMHN DN
SUHGOR&HQRJ UMHAHQB{B ¢ MH'MHGQDNR UDQLMH SURQ
{E} SD QHPD SRWUHEH ]D QD VANM&ak 'R C5(LCH thddtBp&lRNeO0) M D
QDSDGD ]D NULWLPQL SXW]D%nik&lgvhenatans WdRiifa B E}Q

Slika 4.22|prikazuje pseuddNRG DOJRULWPD ]D HR.D O XKIBiREHMM B UMHKEROHRG

SUHWUDALYDQMX X] GRPHQVNR LVNXVWYR
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Evaluiraj _s D- EX2(vektorJedinke) {
01 za svaki pbu SRpPHWQL9UWKRYL
02 akoje SRpHWQDS5MHBHG@GMP >

03 SURVWRU3UHWUD= BRIV@NDLY L=D &W L W Q Ke(edneir:H Q Y B ;
04 SRPHWQD5MHBEHGBWREODYL.ULWLPpRUBXWRU3SUHWUDBLYDQMD
05 }

06 PRIXUH5MH&E&HQ@RPHWQDS5MHBA®QMD >
07 svedok nije SURQDYHQRS5MiHQMH

08 presiek = vektorJedinke é PRIXtH5MHaAaHQMH DNWLYQL(OHPHQWL

09 akoje ((presjek M PR JX{H5M H aaktymBtementi ) i (presjek M ) {

10 ako PRIXUH5MHEHQMH SR GAIMHEEGWD {

11 PRIXUHS5MHAH@RBXUH5MHAHQMH SRGUMHAHQMD>SUHVMH

12 }

13 L QD p{H

14 SURVWRU3UHWUDALYDQMD

15 PRVWDYL=D&aWLW Q HresleleaktynsRbzicije)

16 QRYR5MHAH@UWRQDYL.ULWLpRUBXWRU3UHWUDaLYDQMD

17 PRIJXUH5MHEHQMH SR GQRMNRFHNQOHEIHQMH DNWLYQL (OHPHQW
QRYR5MH&HQMH

18 PRIXUH5MHEHQ@RPHWQDS5MHBAHQMD >

19 }

20 L QD p{H

21 SURQDYHQR5MH dsi@M H

22}

23 vrati PRIXUH5MH&AHQMH NULWLpPpQL3IXW

24}

Slika4.22 Pseudo ko@lgoritmaD-EX2

Slika4.23 MH SULP M HpY RWIRRDPHYM I R E Q R L ] U Dekid\tRe&ostH ] D Q L

PYRYD RPRJIXUXMHX QMHIDGDp ¥\DKXGRQRWUWDYQR JDRELODAH
elemenata koiGHWHNWLUDMX QM H JBRojX SSUH GFdRitdgRogtiviranfaM H & H Q N
PRUD VDGUADYDWL ]DawLMW@H H@akVA HapiutdaciialDyrafaliel L Q L

povoljna zaD-EX2 algoriamjer VH ]D YHULQX SUHGORA&AHQLK UMHAHQMD
tUDAHQMH PHYXUMHAHQMD  @pobbijDrEaldi) DU DYy RpEiEgaG VW DY O |

nedostatak algoritma ne manifestira u radu.
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Slika4.23 Graf VOR aptac3t&rdSUHWUDALYDQMD

4.4. Cjeloviti prikaz optimi UDQMD VXVWDYD |]DawLWH

Slika 424 SULND]XMH FMHORYLWL SURFHV RibWdnehta) BQMD SR

QD]QDpHQLP HOHPHQWLPD SURFHVD NRML SUHGVWDYOMLCL
RSWLPLUDQMD NUR] QHNROLNR VH NRUDND SURYRGL WU
X]JLPDMXuL X RE]JLU VYRMVWYD QDSDGDpD YUVaxXx GLPH
AWLUHQRJ REMHNWD WH UDVSRORALYRVW |]DaAWLKiQLK HOH
opisuyeNDNR VH QDSDGDp PRAH NUHWDWL @&WLUHQLP REMHNYV
HOHPHQDWD SULPLMHQMHQL X SUHGORAHQRP UMH&HQMX

Nad modelom se mo§ SUR'Y H VAAPLH WIR]®H pW WD & HQMD. Bv8dm DO QLK |
hibridna metoda optimiranjggjD SUHWKRGL WUD&HQMX RSWLPDOQLK |
SURQDODVNRP NYDOLWHWQLK UMHEHQMD QHRNI¥ QR R Pt
metada X SUYRP NRUDNX RSWLPL]JLUD SURVWRU SUHWUDALY]I
SULSDGDMXiUH EULGRYH pLPH VPDQMXMH SURMWRHW SUHYV
SRPHWQD UMH 4 i QMMDN BWQW DY OMWMDHVOXWH QD SR]L&GFLMH NRN
RSWLPDODQ SXW NUHWDQMD D& D/GtD p DdaljprpstPdd Miai L X RE
2YLPH VH SRVWL&H SURQDOD]DN NYDOLWHWQLK UMHAHQM



4. 2SWLPLUDQMH RGDELUD L UDVSRUHGD ]JDAWLWQLK HOHPH@QDWD X SU

7UDAHQMH Wihtié kbQatdvededinGlgoritmomDEX-2 koji provodievaluaciju

PUHGOR&AHQLK UMH&HQMD NRULAWHQMHP UDQLMH VWHpH
provedbi evaluacije algoritam-; SURA&ALUXMH J]QDQMH R SURVWRUX SU
QHSRWUHEQOLEHJDPXQHLWDPD NRML WUDAaH iskGwWdnPDOQD |

evaluatoraWR MH NRULVQR X SURdZ$pakaXetHmaVagbrithmB H @niAse UD Q M I
XVSRUHYyXMH XpLQNRYLWRVW



4.2SWLPLUDQMH RGDELUD L UDVSRUHGD ]DAWLWQLK HOHPH@®DWD X SU

Slika4.24 §MHORYLWL SURFHV RSWLPLUDQMD VXVWDY |



5. (.63(5,0(17/1, 5(=8/7%$7,

5.1. Ciljevi eksperimentiranja

Postar OMHQL VX VOMHGHUOUL FLOMHYL NRML VH HNVSHULPHQ

X utvrditi naprimjerureainH JUDYBRISUQHQRVL OL PHWRGD RSWLPLUI
NUHWDQMD QDSD G D p birdPVRLa pfdfiaCkMtdnj& @& RiveD smanjenju
SURVWRUWaNj&HUHWUDaAL

X odrediti koje su konfiguracije genetskog algoritf@A) primjenjive za postizanje
SULKYDWOMLYLK UMHAHQMD X HNVSHULPHQWLPD NDNR
optimiranja

X odrediti utjecajparametaraY HOLpLQH SRSXODFLM$ QDEXRIMINRBMNQWR
metode optimiranja iskustvenim evaluatordbrEX2),

X RGUHGLWL RYLVQRVW DEX2@NRYjatkdRi ViWthcij@ feiihRi (i
provedbi GA

X RGUHGLWL R{EXDRRWRWRVIWDVWRSQLP L]YUADYDQMHP HY

X utvrditi GRSULQRV NYDKOUBVHWOQ HU M HRWHR@GMWDRSWLPLUDQMD SF

elemenata.

52. 2NUXaHQMH X NRMHP VX VH REDYOMDOL HNVSEH

=D SURYRYHQMH HNYV S Hiiddveid@RDIW R a Rl Q@ MEHU §PHGPRY KNBVDIRFY D E
X G U pa&el@stic and Evolutionary Algorithms LaboratafidEAL) razvijaju gaod 2002.

74
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godine a izvorni kéd objavljen je u obliku otvorenog kéda.+ HXULVWLF/DE RNUX
oVPL&eMNHDR UD]JYRMQL RNYLU NRML RPRJIXUXDbjekitdQHULPpN

je orijentiran te je svaki element procesa provedbe algoritma opisan madélab.1).

Slika5.1 VizualnoopisivaneDOJRULWPD X +HXULVWLF/DE UD]JYRMQRI

HeuristicLab D GUAL L RSj0 Rdgi® Agoritma L] SRGUXpMD, RSWLPLU
LPSOHPHQWDFLMD MH BG RaQNH HEBOHENG] i\Wedtirani

NDR VNXS PHYyXVREQR SRYH]DQLK PRGXOD pLMD VH LPSOF
UD]OLpLWLK DOJRULWDPD 8] JUDILPNR XUHYLYDQMH DOJ
SURJUDPVNRJ NRGD XQXWDU VXpHOMD NROGICHWOHD LHRUADQY R
SURALULYDQMD MH LJ]UDGD GRGDWQLK SURJUDPVNLK EL
UD]JYRMQR RNUXaHQMH BUHGQRVW NRULAWHQMD +HXUL\
VYLK DOJRULW Die/bdi’dlgQrDamik@rak po Rdvalkprikazuje trenutne vrijednosti

svih varijabli €ngl. debuy

$OJRULWPL NRMLPD VH SURYRGL HYDOXDFLMD L KLEULGC

+HXULVWLF/DE RNUX3AaHQMD QDSLVDQL VX X 1HW )UDPH
sintakse C# programel jezika. =D SURYHGEX YLAHNULWHULMVNH RS
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HOLWLVWLpPNL DOJRULWDP ED]LNEGS!IQ\DNQdhBRER SQIMQ WQRP
Genetic Algorithm ) [44].

Eksperimenti su podijeljeni u nekoliko grupa. Prva grupa eksperimenigaypeutjecaj

SDUDPHWDUD JHQHWVNRJ DOJRULWPD QD NY Dtesti HW X U N
utjecaj iskustvenog evaluatotaREX2na EURM SUHWBDBMUWDRMDIUXSL HNVS
XVSRUHYyXMH VH NYDOLWHWD SURQDYHQRJ UMH&HQMD L]Y
NRML SRpHWQX SRSXODFLMX VWYDUD VOXpDMQLP RGDEL
SRSXODFLMD VWYDUD SR]QDYDRUWBDR YPDpDMNL GRPHQH S

7THVWRYL VX mnpYeRIH@L HYikaD el datotekon’s $& BSGYDQFHGBVDPSC
koja se distribuira kao didutodesk Revit 2020programskog paket&Zgrada se sastoji od

tri kata tprizemlje, prvi i drugi katglika 5.2).

Slika52 ORGHO JUBYBKFB QGG Y D Q FUAGEIFIR R&/i@pHKaciji

7THVWQL PRGHUK NRDYyFVIHQMHP SUL]J]HPOMD L SUYRJ NDW
SURVWRULMD V R]QDNRP EURM A&RPSXWHU URRP3 QD
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Prizemlje

Prvi kat

Slika 5.3 Tlocrt prizemlja i prvog kata objekta Autodesk RevRRB\C_advanced_sample
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=D SUHGPHWQX ]JJUDGX LJUDYHQD VX GYD JUDID PRJXUHJ N
EURM HOHPHQDWD V NRMLK QDSDGDp PRaH ]DSRpHWL QDS
razgranatost. yYYRW L JUDID ]JJUDGH SUHGVWDYOMHQLpPpWRWD]OL
SUHGVWDYOMD YUDWD NRMD VH PRJX RYRBRStALMdjUWLAEL D SR
XQXWDU REMHNWD 3O0DYRP ERMRP R]QDp¥EUWVYX] 3 $RIRHW
napada. y Y RYL VPMHEAWHQL X SURVWRULMH RIJQMBpEMQh VX JHO
bojom. Prostorije kojima nije pridijellep Y RQALVX ELWQH ]D SURYRYHQMH R
SULSDEDPRIVIEDPHQL X SURFHVX RSWHWULIDAQMD AWRVWRU

Prvi model (Zgrada A) predstavlja objekt visoke razine sigurnsigta(.4|ifslika5.5). Uz
YUDWD JODYQRJ XOD]D L SRaADUQLK VWH StdfasadivaQ D SD G [

SUR]JRUD =JUDGD $ RSLVDQD MH134JPY R DP RIXIL HhH RX) HIM
SRpHWQLK

Slika54 aWLUHQL REMHNW $ SUL]JHPOMH
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Slika55 3UYL W Di¥sb@hataA i B

'UXJL PRGHO =JUDGD % MH WORFUWQR LVWD ]J]JUDGD I
SURpPHOMH X SULJHPOMX MH U¥ik%.g) MIz @d&a Na/gIBVNANHIQzZuP V W L |
L SRADUQLP VWHSHQLAWLPD QDSDGDpX MH PRJXUH ]D¢
HOHPHQDWD =JUDGD % SUHGYWWPYRWRNYID RE fHDDRWMHNR M
Prvi kat zgrade B jednak je modelu zgrad¢shké 5.5).
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Slika56 aWLUHQL REMHNW % SUL]JHPOMH

5.3. Provedeni eksperimenti

5.3.1. Optimiranje JUDID PRJXUHJ NUHWDQMD QDSDGDpD

Algoritam optimiranja JUDID PRJXUHJ NUHpWDE kdidk Q Dj&dx@poomD
SURFHVX RSWLPLUDQMD RGDELUD ildioUj® Yisridrie Hetbde] D & W L W
RSWLPLUDQMD SR]LFLMH .LAyYdits(ridvSHU JHDVE WD SWM_HK H-DCEHDABUKYGHD N/A
X QLMHGQRP VFHQDULMX QLVX NR dgovit@aispitandNje Ha D Q M H

objektom Ai B.

OptimiranjemJUDID PRJXUHJ NUHWD&EXVADgr&) r&dna 2 [optinjian s

S R piHB4A)p Y®ahna B p Y& kdko prikazuj

korakom smanjen g@aiHs P maws HsrB< X]

slika 5.7

SURVWRU SUHWhUDALYDC

GRVWXSQD |]DAWLWQD HOHI



5. Eksperimendini rezultati 81

Slika5.7 2SWLPLUDQ JUDI PRJXUH-JrddtbaHgadd® MD SURVWRURP
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*UDI NUHWDQMD ]D REMHNW % MH SURYHGHRAQ@Y®RARSWLPLUI
88 p Ydval kako prikazujmslika58/ 2YLP NRUDNRP RSWLPLUDQMD SUF
smanjen je saiHsrhawj Hsr* X] GRVWXSQD ]JDAWLWQD HOHPHQ!
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Slika58 2SWLPLUDQ JUDI PRJXUH-JrddtbaHgyad®) MD SURVWRURP
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5.3.2. Eksperimentalni rezultati metode optimiranja iskustvenim evaluatorom

Metoda optimiranja iskustvenim evaluatorom provedena je nad objelimia % UWMD]OLpL

postavkama genetskog algoritii@d) NDNR EL VH XWYUGLOD RYLVQRVW XE
R YHOLpLQL SRSXODFLMH EURMX JHQHUDFLMD YMHURMD!
se provodi optimiranje. =QDQMH LVNXVWYHQRJ HNY¥Q OMDRVR UYDR WHQHM
algortmaNRULVWL VH ]D LIEMHIJDYDQMH L]JUDpXQD SUL HYDO X

5321 8WMHFDM YHOLpPpLQH SRSXODFLMH L EURMD JHQHUDF|

Prvi eksperiment proveden nad objektom A izveden je.800(edinki, a L]YU&GHQ X WUl
UD]J]OLpLWH N|BIRdBIPpSWDLNIDMKMH 3DUHWR UMHAHQMD ]D NR!
populacije 100 jedinki i 400 generacijpopulacijom 0d200 jednki i 200 generacijate

populacijom od400 jedinkikroz 100 generacija.=DMHGQLpNL LP MH MHGQDN
evaluacija, koji iznosi 2B000. Konfiguracija sa 400 jedinki u populaciji kroz 100
JHQHUDFLMD GDMH QDMEROMHHAHIXMWDWH NUR] FLMHOR

Slika5.9 Rezultati optimiranjaa testnu gradu As 4Q000 jedinki
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Tablica 51f SULND]XMH XVSRUHGEX VWDQGDUGQRJ L]JYRVHQ

NRQILIXUDFLMH WH XpLQNRYLWRVW RSWLPLUDQMD LVNXYV
YLAHVWUXNLP L]YRYHQMHP DOJRULWPD SD SUYD NRORQD
kolona prikazuje redovnibroHYDOXDFLMD SULEUDMDQ NUR] VYD L]YRY
VWYDUQR L]YHGHQLK L]JUDpXQD NRMLEKa éalugeiDkoritH RG UH
algoritamD-EX2. Postotna vrijednost smanjerjaoja evaluacijau odnosu natandadno
LIYRYHQMH SULNDK@®D MH X pHWYUWRM

Tablica5.1 Usporedbdroja evaluacija za 4000 jedinkj objekt A

Algoritam: NSGA-,, 9HOLpPpLQD IR HXreMmdjaddd Vjerojatnost mutacije: 0%
VMHURMDWQRVW NUL&ADQMD
3UHWU D& Ukupan broj evaluacija 8NXSDQ EURM Izbjegnub L] U DI XU H

br. D-EX2

1 282.800 271.333 4%

2 565.600 547.453 2%

3 848.400 784.012 16%

4 1.131.200 1.040.783 9%

5 1.414.000 1.312.938 4%

Algoritam: NSGA-,, 9HOLpPLQD DR HXremadjd: G0, Vjerojatnost mutacif@®o,

O9OMHURMDWQRVW NULaADQMD
3UHWUD & Ukupan broj evaluacija 8NXSDQ EURM lIzbjegnub L] U Dp XUMH

br. D-EX2

1 281.400 192.491 32%

2 562.800 343.488 46%

3 844.200 522.707 36%

4 1.125.600 649.627 55%

5 1.407.000 819.469 40%

Algoritam: NSGA-,, 9HOLpPLQD SRSXODFLMH *HQHUDFLN

VijerojatnostNULAD QM D
3UHWU D& Ukupan broj evaluacija 8NXSDQ EURM ,JEMHJQXWR L]JU

br. D-EX2

1 280.700 131.940 53%
2 561.400 249.411 58%
3 842.100 349.638 64%
4 1.122.800 440.771 68%
5 1.403.500 539.622 65%
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Slika 5.10| prikazuje grafom odnose evaluacija za tri konfiguracije genetskih algoritama,

optimiranihD-EX2 metodom.

1.600.000
1.400.000

je

1.200.000
1.000.000
800.000
600.000
400.000

Broj iteracija evaluaci

200.000

0

%URM L]Y @lgwitmd Q M D

<==Evaluacije bez DEX2 ===DEX2 Pop:100 Gen:400
£v=DEX2 Pop:200 Gen:200 =@=DEX2 Pop:400 Gen:100

Slika5.10 Broj evaluacijaza 40000jedinki, objekt A

Iz rezultataeksperimentaidljivo je da YHUD SRSXODFLMD X] PDQML EURM
DOJRULWPX LVNRULAWDYDQMH VWHPHQRJ ]1QDQMD R REMH
YHOLN EURM UD]JOLPpLWLK MHGLQN LD-EX¥ ¥aluaidrd, adrhddjRNR VW
broj generacijmH SUX&D SULOLNX LVNRULVWLWL SURQDYHQD UM
u dubinu. VHUD XpLQNRYLWRVW HYDOXDWRUD SRVWLAH VH NR
NRMD VDGUAL SRSXODFLMX V PDQMHkakbH|& LijNd. zaD YHUL
konfiguraciju sa 100 jedinki i 400 generacija

=D SURYMHUX DxpX2@ndtBdé iwaderv $M Leksperimenti sa 1000 jedinki za
koje se standardnim GAizvodi701 HYDOXDFLMD 9HUOL EURM MHGLQNL
U M H & lddpddxXna optimiraajs 40000 jedinki(slika 5.11).
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0,9

VIJEROJATNOST PREKIDA NAPADA

0,6

d

0,4

0,2

CIJENA

e P0p:200 Gen:500 Mut:0%===Pop:400 Gen:100 Mut:0%
Pop:500 Gen:200 Mut:0%

Slika511 .YDOLWHWD UMHAHQMD U D] QD fedidkiokjekt RQILIXUDFLMD

Tablicab.2

prikazujerezultate eksperimentas 100 MHGLQNL XESRMHyXNMXY XIQ L

primjenom D-EX2 metode X RGQRVX QD VWDQGDUGQR/elklby RYyHQ M
JHQHUDFLMMD-RPRRIKWREH LVNRULAWDYDQMH |]QDQMD VWHY[
DOJRULWPD pLPH VH ]QDpDMQR L]JEMHJDYDMX QHSRWUH
SRSXODFLMRP RG MHGLQNL L JHQH WQDF UNMIBI & 85 Q RINDMLH K

67%.
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Tablica5.2 Usporedbaroja evaluacija za 10800 jedinki, objekt A

Algoritam: NSGA-,, 9HOLpPLQD 2R HXremdjaddd Vje