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M3jaBa 3axBasiHOCTH

Keseo 6Ux ja M3pa3uM HeM3MepHY 3aXBaJIHOCT CBUMA KOjU Cy MU ITIOMOTJIU
Jla IpoJlyOuMM pasyMeBame Ipob/ieMa U UCTPAXKUM pelllera pUKa3aHa y 0BOj
JucepTalyju, CBUMa KOjU Cy MU IIOMOTJIU CBOjUM HECEOUYHUM CaBETUMaA U
KOMEHTAapUMa, Kao U CBUMA KOjU Cy MU NPYKUJIM NOJAPLIKY U MOTHUBALM]Y [1a OBaj

paji 3aBpUIMM.

[Ipodecopy Besbky MunytTruHoBuhy, MEHTOPY, KOjU Me je YBEO Y CBET
VCTpaXKUBakha U KOjU MU je IIPeHeo CBOoja AparoleHa UCKYCTBa KaKo y
UCTPaXXUBA4YKOM pajy, TaKo U y CBAKOJAHEBHOM KUBOTY. /[paruM npujate/suMa u
koJsieraMa, Musiouty l[BeTanoBuhy u 3axapujy PaguBojeBuhy, KoMeHTOpUMa, ca
KOjUMa CaM KpeHyoO Y UCTpaKMBake IIPUKa3aHo Y 0BOj JUCepTaLUjH, ca KojuMa
caM JleJINO KaKo Jiere U y30y/IJbUBe, TAKO U OHe Makbe Jlelle U Mambe 3aHUMJ/bUBe
TPeHyTKe TOKOM Pajia, ¥ Yuje Cy UCKYCTBO U CAaBETH OUJIU O/ HEeNIPOLlehUBe
BpeJHOCTHU. 3axBa/byjeM Ce ¥ CBUM 4JIAaHOBMMA KOMHUCHje Ha KODUCHUM U

KOHCTPYKTUBHUM KOMEHTapuMa KOju Cy NOMOTJIY [ja 0Baj paji 6ye joll 60/bH.

3axBa/byjeM ce ¥ CBUM YJIAaHOBMMaA KaTe/Zipe 3a payyHapCKy TeXHUKY U
MHPOPMATHUKY KOjU CYy UMaJ/Iu padyMeBakba TOKOM paJia Ha vcepTalujyu OHJa
Ka/la HHCaM I10CTHU3a0 CBe CBOje 00aBe3e U KOjU Cy HeCeOUYHO YCTYNHJIU CBOje
pecypce 3a moTpebe uCTpakuBamwa. 3axBabyjeM ce [lparany MusaguHosuhy u
Munowmy Tomuhy, aiMUHUCTpaTOpUMa y 1abopaTOPUjU KaTeApe 3a pauyyHapCKy
TEXHUKY U MHPOPMATHUKY, KOjU Cy IOMOIJIM /ia Ce 3a NOTpebe u3payyHaBamba y

OKBUPY UCTPAKMBaba UCKOPUCTE CBU pacnoiokuBu pecypcu PTHU nabopaTtopuja.



OBy guceprauujy nocsehyjem poautemrma, Pyxu v bobany, cectpu
JlparaHu u iBeMa yjakoBUM NpUHIe3aMa, Bsiaganu u Majy, koju cy Mmoja HajBeha

NOJipLIKa U HEUCLPITHUA U3BOP MOTHBALHje.

CBM MOMEHYTHU JIONPUHOCH CY OBOj UCEPTALMjU JJasIv je[laH HOBH, lTocebaH
CMHCaO0 U MOMOTJIM /1a CTEKHEM jeJHO HOBO UCKYCTBO KOje je 3a MeHe 0[]

HeNnpoleHhHUBOT 3Havaja. 3axBa/byjeM ce CBUMa.



Hacsios

[IponeHa cIMYHOCTU NpoLeypa y 6UHAPHOM KOAY.

Pe3ume

Y oBOM paay npe/iJIoXKeH je NPUCTYN 3a yoOp3aBame OTKpUBamwba ynorpeode
codpTBepCcKe 6MOIMOTEKE KOja je JOCTyNHa Yy 06JIMKY U3BOPHOT KOJZia U Koja je
6ecnpaBHO yrpaheHa y 6uHapHU Ko/, [IpeTnocTaBka je a cy U3 GUHApHOT KoJa
O/ICTpakbeHe CBe A0AaTHe UHPOpMalLUje Koje 61 MoTjie NOMOhU MPUIMKOM
OTKpHUBama ynorpebe copTBepcke 6UOJNOTEKE, LLITO je YeCT CJy4daj y HAMEHCKUM
ypebajuma. Ctora je y paay kopuitheHa ARM apxuTeKTypa Koja je je/iHa o

Haj3acTyN/beHUjUX Y HAMEHCKUM ypehajuma.

[Ipuctym je 3acHOBaH Ha cOPTBEPCKUM METPHUKaMa U CacTOjH ce OJ, iIBe
dase. Y npBoj ¢pasu pauyHa ce CIMYHOCT U3Mely OMHapHOT 00/IMKa TpaXkeHe
npoueaype (npoueaypa U3 6U6JIM0TEKE) U CBaKe O TpolLe/lypa 6MHApHOT KoJia 3a
KOjH Ce CyMHba Jla KOPUCTH 6UOIMOTeKY. Y Apyroj ¢asu ce paHrupajy npoueaype
Y3 IIOCMaTpaHOT OMHAPHOT KOJAa Y CKJIaJly ca U3payyHaTOM CJAUYHOIIhy npeMa
TpakeHoj npouenypu. Ha kpajy ce usasaja npsux N npoueaypa 4 fabe aHaaM3upa
PY4HO, IpU YeMy eKkcnepT 6upa BpeAHOCT N y CKJIaly ca pacloJoKUBUM

BpeMeHOM M BaKHOILINy OTKpUBawa HeoBJlallheHe yrnoTpebe 6ubIMOTEKE.

OppebuBame ciuuyHOCTH U3Mehy ABe GMHApPHE NMPOoLeype MoYUbe
NPUKYI/bakbeM BpeJHOCTU COPTBEPCKUX METPHUKA. Y pajly je NpeJIoKeHO YKYITHO

19 pa3nuuuTUx cCOPTBEPCKUX METPUKA. BpeHOCTU cOPTBEPCKUX METPUKA CE



nopeje jelHAM O/ TPY NpeAJioKeHa KoMIlapaTopa, YUMe ce 00Ujajy napuujaaiHe
Mepe CJIMYHOCTHU ynopeheHux npoueaypa. [lapuujaste Mmepe cJIMYHOCTH Ce TOTOM
TpaHcHOPMHUILILY KaKo 61 ce NMOKyLIale J0OUTH BpeJHOCTU KOje BEpHHUje
npeJcTaB/bajy CIMYHOCT. TpaHcpopMUcaHe naplyjasHe Mepe CIMYHOCTH Ce Jja/be
KOMOUHYjy noMohy jefHe oA 7 npeAJjioxeHUX popMyJia Kako 6 ce u3padyHasia

jelHa BpeHOCT KOja MpeACcTaB/ba CIMYHOCT yropeheHux npoueaypa.

[Topes onucaHor NprcTyna NpejJioXKeHO je U NeT TEXHHKA Koje Tpeba Ja
no6oJblajy pesytaTe kopuryjyhu npumehene anomasnuje. /leo TexHuka
OJiICTpamyje UHCTPYKLMje U IpolLeAype Koje Npu nopehemwy yHoCe LIyM U J0BOJi€e
Jl0 IOTpelIHMX 3aK/by4yaka. /Ipyru eo TeXHWKA NPUKYyI/ba JoAaTHe UHOpMaLuje
KOje Cy U30CTaB/beHe je/JHOCTAaBHUM MeTpUKaMa Koje Cy IpeJJioxKeHe Y OCHOBHOM

IPUCTYTY.

EBasiyanyja je nokasasa Zia je IpyMeHOM NpeJI0KeHOT IPUCTyIa U
TexHHWKa Moryhe noctuhu on3us o 53% y ciy4ajy TectoBa 6asvpanux Ha STAMP
OKpyXemwy U 56% y ciy4ajy TecToBa 6a3upaHux Ha BusyBox makety. HaBeseHu
pe3yJITaTH Cy 3a CJIy4aj KaZla ce Kao ycliex nocMaTpa INpoHa/la3ak TpaXkeHe
npoueaype Ha npBoj no3uluju. OI3UB KOjU MOCTUXKeE MPeAJI0KEHU IPUCTYII je
CKOpO AyIJio Behu 0/13UB 0, Ipyror Haj6o/ber TeCTUPAHOT ajiaTa, KOju MOCTHXe
cBera 27% yKOJIMKO ce Kao yclieX IocMaTpa NpoHasia3ak npoueaype Ha IpBoj
nosunuju. Y norseny F u F2 Mepa, npeiyioxkxeHU IPUCTYN 3ajeIHO ca TeXHUKaMa

IOCTH>Ke 3HAaTHO Behe BpeJHOCTH 0J] CBUX JIPYTMX TECTUPAHUX aJ1aTa.
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Title

Estimation of procedure similarity in binary code

Abstract

This work proposes an approach to accelerate the discovery of a case when
a software library, available in the source code, is used in a binary code without an
appropriate permission. It is assumed that the binary code does not contain any
additional information that could help in detecting the use of the software library,
which is often the case in embedded devices. This study uses ARM architecture

which is one of the most commonly found architectures in embedded devices.

Approach is based on software metrics and consists of two phases. The first
phase calculates similarity between the searched binary procedure originating
from the library, and each of the procedures found in the binary code that is
suspected to use the library. In the second phase of the proposed approach, the
procedures from the binary code are ranked in accordance with the similarity to
the searched procedure. After sorting, expert conducts manual analysis of the top
N procedures, where N is selected in accordance with the available time of expert

and the importance of detecting that the library is used.

In order to determine similarity between the two binary procedures, values
of the proposed software metrics are collected. The paper proposes a total of 19
different software metrics. The values of software metrics are compared with one

out of the three proposed comparators, thus obtaining partial similarity measures



between compared procedures. Partial similarity measures are then transformed
in such a way that more closely represent the similarity. Furthermore, they are
combined using one of the 7 proposed formulas in order to calculate a single value

representing the similarity between procedures.

In addition to the described approach, a set of 5 techniques is proposed
with the aim to improve results by correcting the observed anomalies. One set of
these techniques removes instructions and procedures that introduce noise and
lead to misleading conclusions. The other set of techniques collects additional
information that is omitted by using simple metrics proposed in the basic

approach.

The evaluation shows that using the proposed approach and techniques, a
recall of 53% in the case of tests from STAMP environment and 56% in the case of
tests of BusyBox package can be achieved if the goal is to find the searched
procedures in the first position. The proposed approach achieves almost double
recall when compared to the second-best tested tool, which achieves a recall of
only 27% observing the first position only. With respect to the F and F2 measures,
the proposed approach, along with techniques, greatly outperforms all other tested

tools.
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Code Similarity, Plagiarism, Software Clone, License Violation, Procedure

Ranking, Software metrics, Binary Code Comparison
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1. YBog

EHopMaH pa3Boj copTBepcke HHAYCTPUje U 60pOa 3a ONCTaHAK Ha
TPXXULITY JJOBEJIH CY 10 I0jaBe BEJIMKOT 6poja pa3IMYMTUX OCTOBHUX MO/ieIa.
UuTaB HM3 NOCJOBHUX MO/leJs1a 3aCHUBA Ce Ha JOCTYITHOCTU U3BOPHOT KOJa.
JlOCTYNIHOCT M3BOPHOT KO/la He 3HAaYX HY>KHO U /ia je ynoTpeba TOT KoJa NOTIYHO
6ecniaTHa, Beh ce MHOrO Yyelrhe Ko/l HyjU O/, YCJI0BOM Jia Ce IPUXBATH
oArosapajyha sinieHna kKoja AeduHulle MpaBa U o6aBe3e NPUJIUKOM yIIOTpede TOr
KoJia. JelaH 06/IMK JIMIleHIIMpawka coPpTBepa je U ABOCTPYKO JHILeHLIUPakbe, Tie ce
3a norpebe pa3Boja U3BOPHU KO/ HY/|M 6eCIIaTHO, [IOK ce 3a oTpebe NpoAyKIHje
oueKkyje oaroBapajyha HakHa/a 3a kopuihewe koza [1]. OBakaB Tl
JIMLIEHIIMpaba je MoCceOHO NOoro/JjaH 3a COPTBEPCKe 6GUBIMOTEKE jep JOCTYIHOCT
HM3BOPHOT KO/1a 6MO6J/IMOTEKe 0JIaKlIaBa ynoTpeby 6MOIMOTeKe HA Pa3JIMUMTUM
apxuTeKTypaMa v oMoryhaBa aHa/sM3upamwe MoryhHocTu 61MbIM0TeKe U IIpe

KylnOBHHE HUCTE.

[IpyuTHCcak KOjU TP>KUILUTE BPIIU Ha COPTBEPCKe KOMIIaHUje HEPETKO
JIOBO/IU J10 CUTYalHje Y KOjoj 3all0C/IeHH, CBECHO UJIM HECBECHO, YIIOTpebde
VM3BOPHHU KO/, COPTBEPCKe OMOJIMOTEKE HA HAYUH KOjU HUje N,03BOJbEH JIMLIEHLIOM
1o/ KojoM je kox u3aar. lllTeTe Koje Ha Taj HAYWH HACTAjy Cy BeoMa BeJivKe [2], a

je oTKpUBame ynoTpebe copTBEpCKe GUOIMOTEKE 0JF U3y3€THO BEJIMKOT 3Ha4aja.



OTKpuBame ynoTpebe je 3aKOMIJIMKOBAaHO YNHEHUIIOM /ia je GUHAIHUA IPOU3BO/,
KOjU KOPUCTH COPTBEPCKY OUOJIUOTEKY UeCcTO cOPTBEpP Y OUHAPHOM OOJIMKY KOjU
je Job6ujeH ynoTpeOboM NpeBOAMOLIA KOjU HHUje MO3HAT, Kao U OMNIjyija NpeBoguoLa
KOje HHCY II03HaTe 0Cco0H Koja paZy NpoBepy ynoTpebe copTBepcke 6UOIMOTEKE.
JlolaTHa KOMIIJIEKCHOCT /10J1a31 360T Hell03HaBaka Ko/ia KOju KOPUCTH
O6u61M0TEKY, [Ta CAMUM TUM HUCY IO3HATe HU aZipece Ha KOjuMa ce HaJlase J1eJIOBU
Oub/IMOTEKe U KOje ce y OKBUPY KoZia KopUcTe. Beoma 4ecTo cy U3 6MHapHOT KoJa
OJiICTpameHe U cBe HHPOpMalyje, IONYT Ha3uBa OTNporpaMa, koje 61 Mor.Jie
noMohu npu ynapuBamy JieJioBa OMHAPHOT KO/la ca U3BOPHUM KOJ0M COPTBEPCKE
O6u6JIM0TEKE, LITO je MPAaKTUYHO YBEK C/Iy4aj Ko yrpaheHux ypehaja ca
$abpuykuM coPpTBEpPOM. Y TAKBUM OKOJIHOCTUMA OTKPHBakbe 3aXTeBa eKCIePTCKO
3Hame U Npe/iCTaB/ba KOMIIJIEKCAH U AYroTpajaH 110cao jep je 3a CBaKy IpoLeaypy
Y3 U3BOPHOT KO/Jla OMO/IMOTeKe NOTPeOHO aHAJIU3UPATH jeHY 10 jeJHY
npoleAypy U3 NoCcMaTpPaHOT OGUHAPHOT KOJia Kako OU ce MpoHallljie ynoTpeb/beHe

npoueaype U3 6UbJIUO0TEKE.

Y6p3ame nporeca OTKprBamwa ynorebe copTBepcKe 6MOJIUOTEKE Y HEKOM
OUHApPHOM KOJly OCTHXe Ce YIOTPpeObOoM asiaTa KOju UMIIJIEMEHTHPA HEKU O/
npucrtyna 3a nopehemwe koza. Anatuma ce Hajyenrhe npoHasase npoueaype Koje
NOTHYY U3 OUOJIMOTEKE U KOje cy yrpaheHe y mocMaTpaHU GUHAPHU KOJ] 3a KOjU ce
CyMHba /1a KOPUCTHU 6MbMOoTeKY. [la 6 ce aaTh MOTJIM IPUMEHUTH, Hajuelihe je
noTpebHO 06e36eUTH Aa U OUOJIMOTEKA U KOJ, KOjy MOTEHIMjaIHO KOPUCTHU
6ubsiMoTeKy Oyay y ucToM 06J1MKY. [Iponec Bpahawba 6MHapHOT KOJa, KOjU
NOTEHLHjaTHO KOPUCTHU OUBJINOTEKY, Y UI3BBOPHH KO/I je BeoMa KOMIIJIEKCaH M0Cao

Y 3axTeBa copucTunipane anarte [3]. TakBu ajsaTH Cy peTKU U BbUXOB pe3yJITaT



HUje 06aBe3HO UCTU M0JIa3HH U3BOPHU KO/ UMjUM je IpeBohemeM A00UjeH
nocMaTpaHu OGMHApPHU Ko/, Beh CEMaHTHUYKU €KBUBaJIEHTAaH 0OJIMK 0JIa3HOT
M3BOpHOT KoJa. /lpyra MoryhHocCT je npeBoheme U3BOPHOT KoJia 6MOIMOTEKE Y
O6uHapHU 06/1MK. MehyTHM, HU Yy OBOM cCJ1y4ajy nopehemwe HUje TPUBUjaJIHO jep ce
nopeze iBa 6MHAapHA Ko/la Koja Cy HacTasa y [iBa, NOTEHL[UjaTHO MOTIIYHO
pasJsiMyMTa npoleca npeBohemna, ITO MOXKe Jja pe3yJITyje U3MeHaMa Koje U 3a
eKclepTa npeJcTaB/bajy 036U/baH M3a30B. Passior jiexxy y YynmbeHuaMa Jia
pas3JMYMTH aJaTU Pa3JUYUTO NPEBOJiEe UCTY je3UUKY KOHCTPYKLH]y, la KOPUCTe
pas3MyMTe aArOpUTME 32 aJIoKaLUjy Perucrapa, a 3a UCTy HAMeHY KOPUCTe
pas3MyMUTe UHCTPYKIIHjE, KA0 U 1a KOPUCTE Pa3IMYUTE aJI'OPUTME 3a

ONTUMHU3AL U]y TeHepUCaHOT KOJa.

Of anaTa ce o4eKyje fja pe3yJITaT IPUJAMKOM IOTpare 3a NpoueAypoM U3
O6ub/1MoTeKe YHyTap OMHAPHOT KO/Ja MOCMaTPaHOr U3BPILHOT IporpaMa 6yze
[IpOHaJIa3aK Ta4yHO jeJHe IpoLeAype 3a KOjy je yCTaHOBJ/bEHO Jja TOTHUYE O/
M3BOPHOT KOJA TpaxkeHe npoueaype. [Ipu ToMe je npeTnocTaB/beHo Ja caMo jeiHa
npoueaypay nocMaTpaHOM GMHAapHOM KOJy 3ahCTa NOTHYe 0/ U3BOPHOT KOZa
TpaXkeHe NpoLeAype. 3a CBe ocTaJjle Ipoueaype ce o4eKyje Ja 6y/ie yCTaHOBJbEHO
Jla He IOTUYY OJi U3BOPHOT KOJla TpaXkeHe npouexaype. [la 61 ce 0O4eKUBaHHU
pe3yJsTaT A00HM0 HEONXO/IHO je Jia nmpolec nopehewa He Oyzie OCET/LUB Ha pa3JiuKe
KOje HacTajy y npouecy npeBohema, a ja Ipy TOMe IPUMETH CBe pasjivKe Mehy
npoLejypama Koje ce nopeze. /Isa HaBeleHa 3axTeBa Cy KOHTPaJUKTOpHa.
CMmamemeM 0ceT/bUBOCTH Ha pasJivKe noBehaBa ce BepoBaTHoha /ia ce npoHabe
npolejypa Koja moTu4e oJi U3BOPHOT KoJia TaKeHe NpoueAype, aJli UCTO TaKO ce

noBehaBa u BepoBaTHONa NOrpelIHOr 3aK/byUyKa 3a NPOLeAype Koje He OTUYY OJ]



M3BOPHOT KOJla TpaxkeHe npoueaype. Ca apyre cTpaHe, noBehaweM 0ceT/bUBOCTH
Ha pa3Jinuke Meby npoueaypaMa Koje Tpeba ynopeauTy yMamwyje ce ¥ MOTYhHOCT
IpoHaJaXKeka oJroBapajyhe npouezype y cay4ajeBUMa Kajia npolieca npesohemwa

HanpaBH BeJIMKY pas/iMKy u3Mehy npoueaypa.

Y oBOM paay npejJioXkKeH je NIPUCTYI 3a NPOLEeHY CIMYHOCTH NpoLeAypa y
©6uHapHOM Koy npe/iBubeH 3a ynoTpeby y cuTyalnujaMa Kajia je noTpe6Ho Hahu
CAMYHOCTU U3Mehy GMHapHUX KOJ0Ba KOjU Ce MPETENKHO PA3/IMKYjy, Kao IITO je
C/1y4aj KaJia ce opeJie /iBa Ko/ia IpeBe/ieHa ca /iBa pa3JIMuMTa ajiaTa, ca
NOTeHLMja/IHO Pa3JIMYUTUM KopuinheHUM onuujama [4]. 360r BeJIMKUX pasiuKa
KOje IpolLecH NpeBohema yHoce y npoleaype y 6MHapHUM KOJI0BUMa, LIUJb
npeJJioKeHOT PUCTYMaA je yop3amwe noTpare 3a npolejypamMa U3 6MbJIM0TEKE.
Y6p3ame ce MOCTUXKE CMalbemeM O6poja poLeAypa Koje ekcrnepT Tpeba Aa nopeju
TAaKO LITO Ce 3a CBAKy O/ IpoLeAypa U3 OMb/MoTeKe oflabepe HEKOJIUKO
HajCJIMYHUjUX NTpoLelypa U3 OMHAPHOT KO/AQ, a 3aTUM ce oZabpaHe npoueaype

aHaJIM3MPajy O HAjC/IMYHU]je 0 HajMakbe CJIMYHe.

[IponeHa CIMYHOCTH y Npe/IJI0KEHOM IIPUCTYIY ce 6a3upa Ha yoTpeou
copTBEPCKUX METPHUKA KOje Cy KOHCTpyHUCaHe 3a IPUMeHY HaJ, aceM0bJiepCKOM
penpe3eHTalXjoM 6MHApHOT KoJla. MeTpHKe Cy KOHCTpyHUCaHe ca LIU/beM Jia ce
3aHeMape JleTa/bu KOjU Ce Memajy y 3aBUCHOCTH OJ] Ipolieca npeBohema, a Aa ce
3a/ip>Ke OHU KOjU Cy NpeTeXXHO UHBapHujaHTHU. CIMYHOCT ynopeheHUX npoueaypa
ce MIpolLiewYje Ha OCHOBY CBaKe 0J1 KOpUIIheHUX MeTpPHKa YUMe ce J00ujajy

napuujajHe Mepe CIMYHOCTU. 3aTUM Ce [00HjeHe napiyjaaHe Mepe CIMYHOCTH



KOMOWHY]jY Ha jeflaH 0Jf NpeJJI0KEHUX HaYWHA Y jeJUHCTBEHY MEPY CAMYHOCTH

ynopeheHux npoueaypa.

[IponiereHa Mepa CIMYHOCTH Ce He KOPHUCTH Kao arcoJiyTHa Mepa
CJIMYHOCTH U3Mehy npoueaypa, Beh ce KOPUCTH 3a paHTMpame NnpoLeaypa U3
OUHapHOT KoJia MporpaMa 3a Koju ce CyMmba Jja KOpUCTH 6ubaroTeky. [Ipouenype
ce paHTUPAjy y CK/IaAy ca cAMYHolIhy npeMa 6MHapHOM OOJIMKY TpaXkeHe
npoleJype 3a KOjoM ce Tpara y iu/by OTKpUBaka ynoTpebe 6ubamoreke. Kako 6u
ce Mo60JbLIANY PE3YJITATH KOje MPUCTYI NOCTHKE, IPEJJIONKEHO je U 5 TEXHUKA
Koje ce IpUMeYjy y pa3JUuuuTUM daszamMa NpUKasaHor npucrtyna [5]. JegHa rpymna
npe/JIoKeHHX TEXHHKA YCMepeHa je Ha eJIMMUHHKCcakbe oJjpeheHux Bapujanuja Koje
IIPEBOIMOLIM YHOCE ¥ TOKY NpeBohema Ko/ia, 0K Apyra rpyna uMma 3a Lusb Ja
y6JIa>K1 HeraTHBHe NocJieAulle nopehemwa npoueaypa Ha BUCOKOM HUBOY

afncTpakyyje.

[Topen yBoza KojH je AaT y 0BOj I'JIaBH, IPeOCTaJIU Ae0 paja [oJe/beH je Ha
cnenehy HayMH. Y Apyroj raaBu AaT je nperJief, 06J1acTU y KOjuMa ce MojaBJbyje
nopehemwe KoJja ¥ YKpPaTKO Cy ONMCAaHU HajUHTEPECAHTHUjU alaTy U NPUCTYIIH y
TUM obJiacTUMa. Y Tpehoj ri1aBu feprHUCaH je Tpo6JeM KOjU ce mocMaTpa y 0BOM
paay 3ajeHO ca IpeTNoCTaBKaMa U orpaHuyewuMa. Ha kpajy Tpehe riase garta cy
Y MCTpa)KMBayKa MUTaka Ha Koja ucepTanuja Tpeba 1a OATOBOPU. Y 4ETBPTOj
rJIaBY OIIUCAHO je OKpYXeHe 3a eBaJjlyallljy Koje ce cacTOojUu 0Jf OIIUca TeCTOBA KOjU
ce KOpUCTe ¥ Mepa KojuMa he ce ollelbMBaTH yCIeX NPeJJIOKEHOT IPUCTyNa U
OCTaJIUX KopullheHUX asaTa U IpUCTyna. Y neToj IJIaBU IpUKa3aHa je eBaJjyaliyja

ofabpaHux nocrojehnx asata v npucTtyna. Y LecToj rJ1aBu ONMUCAH je MpeJJiIoKeH!



IIPUCTYII, @ 3aTUM U eBaJyupaH. HakoH eBasyanuje npeJoKeHOr IPUCTyIa
npejJioXKeHe Cy U JJoJlaTHe TEXHUKeE Koje cy Takohe eBasyupaHe. Ha kpajy umecte
rJlaBe JJaTHU Cy OATOBOPU Ha UCTpPaXKMBayKa NUTama. CeaMa rjiaBa cafpxu

3aKJby4ak, 0K cy pedepeHIie NprMKasaHe Y 0CMOj I'JIaBH.



2. llpersien 1utepartype

Y oBoj rnaBu he Hajnipe 6UTH AaT Nperyef JuTepaType y o6jacTuMa y
KojuMa ce Kopuctu nopeheme koaa. [lorom he cBaka obs1acT 6UTH onMcaHa U JaT
NpHKa3 KapaKTepUCTUYHHUX IIPUCTYITA U a/1aTa. Y OKBUPY ONMCa a/1aTa ¥ IPUCTYyIA
6uhe gaTH ¥ onKcHy NpUCTyna Koju he 6UTU UMIIJIEMEHTHPaAHU 3a MOTpebe
nopebhema ca npegiioxxeHUM npuctynom. [Ipuctynu ce Mopajy MUMIJIeMEHTHPATH
jep oaroBapajyhu ajaT WM He NOCTOjU UJIM HUje MIOTO/IaH 3a JIUPEKTHY NPUMEHY

Ha ocMaTpaHu Npo6JeM.

2.1 llopehewe koaa u npuMeHa

Texnuke nopehemwa copTBepcKor Kojia oCToje CKOPo 0J; pa3Boja NPBUX
codpTBEPCKUX alJIMKalMja ¥ IpeAMeT Cy U3y4aBakha MHOTMX UCTPaKKMBaya LUMPOM
CBeTa KaKo Ta/ia, Tako U JlaH JaHac [6, 7, 8, 9, 10]. [lorpeba 3a nopeheweM koja ce
nojaBJbyje y pa3/IMUMTUM 00J1aCTUMA Y KOjMa MOCTOje pa3JIMYMTU LIUJbEBU 1A Ce
Y CaMM aJITOPUTMHU pasiukyjy. Tako nu/b nopehema Moxe fa 6ysie OTKpHBambe
UCTHUX WX CJIMYHUX JieJI0Ba KOJd, /1M UCTO TAKO U OTKPUBaKe pa3J/iuKa y
ynopebenum kogoBuMa. Takohe, o asaTa Moxe Jja ce oueKyje Jia 3a JiBa jeJsa
KOJla IpoLewyje [a JIU Ce paJii 0 UCTUM KOJIOBUMa UJIU He, JOK HEKH aJlaTHh cCaMOo

NpOLEemYjy HUBO CJIMYHOCTH yIiopeheHUX KoJjoBa 6e3 NpoliekuBamwa Jia Jiy je



HabheHa Mepa CIMYHOCTHU JI0BOJbHA Jja OU ce ynopeheHe nmpoueaype nporJacuie

HNCTHUM HUJIU HE.

[TocTojehu npucTynu ce 3Ha4ajHO pas3/iMKyjy 0 NUTaky 3aZjlaTKa KOju ce
npeJ BbUX I0CTaB/ba, IITO Hajyellhe 3aBUCH 0f 06J1aCTH IpUMeHe. Y HEKUM
o6J1acTHMa KOJIOBH KOjU ce nlopejie Cy IPeTeXHO UCTH, 11a Ce UCTU U CIMYHU
JleJIOBM ynapyjy Kako 6U ce OTKpUJie pa3/uke usMehy wux. Ca Apyre cTpaHe, y
HEKHUM 006J1acTUMa Ce 04YeKyje Zia ce KOJ0BU KOjU ce Nope/ie 3HaYajHUje pa3JIuKYyjy,
aJIu Jla U JjaJbe UMajy HEKY BPCTY CIMYHOCTH, 11a Ce 0/ a/laTa 0YeKyje Aa npoHabhe

JleJI0OBe KOZla KOjU Cy II0 HEKUM KpPUTEPUjyMUMa CJAUYHMU.

Jlpyra 6uTHa pasJ/iMKa U3 yrJia OBOT pajia jecTe BpCTa pe3yJiTaTa Koju alaT
Jlaje. Y npBy rpyny ajnaTa claZiajy OHU KOJ, KOjUX je pe3yJiTaT OAJyKa Jia Jiu /iBe
nopeheHe npoueaype NOTUYY OJf UCTOT U3BOPHOT KO/|a UJIM He, Y 3aBUCHOCTH O/
OCeT/bHMBOCTH, JielllaBa ce Jia ce 3a Behu 6poj npoueaypa U3 U3BPLUIHOT Iporpama
KOHCTaTyje Jla IOTUYy OJi U3BOPHOT KOJja TpaXkeHe npoleype. TakBU NpUCTyNH
IIOMaXky TaKo IITO oipeheHH 6poj npolieAypa eTMMUHULLY U3 pa3MaTpatba.
MebyTuM, ekciepTy Koju CipoBO/JIU OTpary ce Aaje Behu 6poj npoueaypa 3a koje
ce TBP/IU Zia MOTHYY 0/ U3BOPHOT KO/la TpaXkeHe MpoLe/ype U IPU TOMe My Ce He
cyrepulie pefoce[ o KojeM Tpeba Jja MpoBEPH /ia JIU HeKa 0J1 CyreprCcaHuX
npoleAypa 3aucTa OTUYe 0Jf U3BOPHOT KOJia TpaXkeHe Npole/lype WU He.
Takobe, He nocToju rapaHLiMja @ NIpoLeAypa Koja 3aucTa NOTHYe OJf U3BOPHOT

KOJla TpaXkeHe npoueaype Hehe 6UTH of60aueHa.

Jlpyra rpymna npucTyna npouemwyje CJIMYHOCT NpoLeypa U3 U3BPLIHOT

nporpama ca Tpa>KeHoM IpoueaypoM. Mepa CJIMYHOCTH MOXKe /1a Ce KOPUCTH KaKo



OU ce NPOLEHHUJIO A JIM IpoLeilype NOTHUYY 0J, UCTOT U3BOPHOT KO/ia UJIU He, aJlu
MCTO TaKo Npy»a MoryhHocT ypehuBamwa ckyna npouezypa U3 nporpama o/
HajC/IMYHUje 10 HajMame CJIMYHEe ca TPaXXeHOM IpoueaAypoM. /IBe OCHOBHe
NpeJHOCTH Y OHOCY Ha IIPBY IPyIly NPUCTyINa Cy MOr'yhHOCT KOHTpoJIe
0CeTJbUBOCTH Ha U3MeHe U cKkpahHBamwe BpeMeHa Koje eKCllepT YTPOILH.
YpebuBame ckymna npouezaypa U3 nporpama 1o onazajyhoj BpeJHocTu Mepe
CJIMYHOCTHU Ca TPAXXEHOM IPOLeAypPOM MOXKe Jla BUILIECTPYKO CMamkU BpeMe
npetpare. [lopes cMmamema BpeMeHa npeTpare, eKCrepTy Koju BPIUU IIOTPary ce
oMmoryhaBa Jja KOHTpOJIMILE OCET/bUBOCT HA U3MEHE Y KOy 01abUpOM BeJIMYHUHEe
CKyTla HajCJIMYHUjUX poleaypa Koje he 1a npoBepu. Panrupamwe npeTpakuBaHUX
objekaTa je mocTymnak A06po Mo3HAT y CUCTEMUMA 3a JloxBaTake MHopMalvja
(eng. Information Retrieval Systems) [11]. OcHOBHa pa3JiMKa paHTHpakba Y 0BOM
pajZly y OlHOCY Ha CUCTeMe 3a JloxBaTamwe HHPopMaLHja jecTe ITo Mehy
IpeTpaXXMBaHUM IIpoLielypaMa IOCTOjU Ta4YHO jeJHa IpoLeAypa Koja ogrosapa
TpakeHoj IpoLefypH, JOK Y CUCTEMUMaA 3a JloxBaTamwe HHOpMaLhja MOXe /ia ce
Habe u Behu 6poj foKyMeHaTa KOju 0AroBapajy TepMUHUMA KOju cy KopullheHu y

npeTpasu.

Mebhy npBuM npob6ieMUMa KOju cy 3axTeBasiv opehemwe Koja je mojaBa
CIMYHUX UJIM UJIEHTUYHUX J1eJI0BAa KOJIA Y OKBUPY U3BOPHOT KOJIa HEKOT
codTBepcKor npousBo/ia. Pazsiora 3a nojaBy mnoHOBJ/bEHHUX /IeJIOBA UMa BUIIIE, AJTH
Cy Hajyewhy MyJITUIJIMIIMPakbe [1eJI0Ba KOJa y LU/by NPUBUAHOT yOp3akha
pasBoja codpTBepa, Kao ¥ Kopullhemwe 11ab0Ha 3a peliaBambe CTaHAAPAHUX
npob6sieMa. [loHaB/bameM Jie10Ba KoJja MpONarupajy ce v rpelke Koje cy

€BEHTYaJ/JIHO HAaYHUbEHE K OTEXKaBa Ce KaCHI/Ija H3M€EHa KOJia, LITO MOXKe J1a



3Ha4yajHO yTUYe Ha noBehame 1ieHe o/ip>kaBamba codpTBepa. CTora je 3a noTpebe
o/lp>kaBama copTBepa BeoMa BakHO NpoHahU UJIeHTUYHE UJIU BEOMa CJIUYHE
JleJloBe KoZia ¥ o MOoryhHOCTH MOAMGUKOBATH KO/, TAaKO Jia ce U36erHy
BUILIeCTPYKa N10jaB/bHBakba JiesioBa. OBaKBU /1eJI0BY KOJia Cy Ha3BaHU COQTBEPCKHU
KJIOHOBH U 3a4eTa je YuTaBa 06J1acT Koja ce 6aBU MPUCTYNHUMA U ajlaTUMa 3a
OTKpUBame coPTBEPCKUX KJIOHOBA 3a MOTpebe o/ip>kaBaa codpTBepa. O6s1acT je
M3y3eTHO NOoIyJIapHa U I0PacTOM KOMIIJIEKCHOCTH U BeJIMYMHe COPTBEPCKUX

KOJI0Ba, 06/1aCT CBe BUIlE A00HWja Ha 3Ha4vajy [12].

Jpyru caindaH npo6JieM je nmojaBa nuarvjapusma. [lpegmer niarvjapusma
MO2Ke Jia 6y/ie TeKCT Ha HEKOM FOBOPHOM je3HKY, a/Ih UCTO TAaKO U HEKHU
copTBepcku KoJ. Kao u y cayuajy ogpkaBawa copTBepa, Lii/b je HAhU UCTe WU
CIMYHe JieJI0Be KoJia y 00/IMKy cOQTBEpPCKUX KJIOHOBA. Pa3inka y oHOCYy Ha
oZip>KaBame coOPTBepa je y TOMe IITO Ce IPU OTKPHBakY MJIarujapyusMa nopeze
JiBe pa3/IMuUTe Bep3Hje NporpaMcKor KoJia, OpUruHaHa Bep3uja v Bep3uja
HacTaJla Kao IJIarujaT opuruHasHe Bep3uje. CTora cy ¥ pa3Jio3u 3a HacTajambe
pasJiMKa apyraduje npupo/ie. [lnarujat koga HacTaje ca Lu/beM Jja 060aB/ba UCTY
GYHKIIMOHAIHOCT, aJli [ja Ce OJi ODUTMHA/IHOT KO/a IITO BUILIE Pa3JIMKyje KaKo 6U
Ce 0TeXaJ10 Iperno3HaBambe CJIMYHOCTH €A OPUTMHAIIHOM Bep3UjoM Koja. OBaKBa
BpCTa MJIarujapu3Ma ce BeoMa YecTO jaB/ba y aKaJIEMCKOj cpeiIuHu Mehy
CTYZeHTCKUM paJJoBUMa, I1a je 3aTO M YecTa TeMa UCTpakuBamwa. [Ipuctynu u
aJIaTH KOju ce y 00/1aCTU OTKpHBama IJIarujapu3Ma KOpUcTe Cy BeoMa CJIMYHH Kao
y 06J1acTH OTKpHUBamwa cOPTBEPCKUX KJIOHOBA U y HAaCTaBKy he 6UTH pa3MaTpaHu

3ajeHo.
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[Topehemwe koga Takohe Jiexku y OCHOBU MPHUCTYIA U3 00J1aCTU OTKPHBabha
HapylleHUX JIMIeHIHUX [paBa Y copTBEPCKOj UHAYCTPHUjH, KOjoj IpUIaJa U 0B3j
pag. [Ipobsiemy HapylLiaBama JUMLIEHLIIHUX [IpaBa MOT'Y /la HACTaHy Ha pa3JINuYUTe
Ha4yMHe, [104Y€eB 0J] yIIoTpebe U3BOPHOT KOJA jaBHO JOCTYIIHOT 32 HEKOMepLUjaJIHy
ynoTpeby /10 Konupama OMHAPHOT KO/ia MPOYMTAaHOT U3 HEeKOT ypehaja. 3a
pasJIMKy 0/i OTKpUBama cOPTBEPCKUX KJIOHOBA U IIJIarMjapu3Ma, Kajia je 61o
JOCTYyIIaH U3BOPHHU KOJI, y BehMHU c/ly4ajeBa IpYU OTKPUBaWky HapyllaBamba
JIMLJEeHI|HUX NIpaBa Ha pacnoJiaramy je caMo OMHAapHHU 00JIMK KOZ|a KOjU HapyllaBa
JIML|eHIHa [1paBa, l1a cTora Huje Moryha JjupeKTHa IpMMeHa ajlaTa HaMeHwheHUX 3a
OTKpHBamwe COPTBEPCKUX KJIOHOBA Y U3BOPHOM KoAy. Beoma 6p3 pas3Boj
copTBepCcKe HHAYCTpPHje JOBOJU 10 CBe YellhuxX HapyllaBakba JULeHLHUX [IpaBa
1ITO COPTBEPCKOj UHAYCTPUjU HAHOCH CBe Behy IITETYy, 11a je 3a 04eKUBATH Ja/bU

pa3Boj oBe 06J1aCTH.

3a pasJyIMKy o/, IpeTX0AHe TpU 06J1acTH, y KojuMa je nopehemwe kozaa
LeHTPaJIHU JIe0 CBUX NMPUCTYIA, NOCTOje U APYTre 06JIaCTU y KOjUMa ce NojaBJbyje
nopehemwe KoZjla Ha GUHAPHOM HHMBOY Kao IITO Cy: aHaJIM3a palkbUBOCTU COPTBEPA,
OTKpHBame 3JIOHAMEPHOT KOZia U KOMIIaKIMja KoAa. Y 06J1acTh aHa/Iu3e
pambUBOCTU cOPTBepa nopehemwe Koja ce KOPUCTH KaKo OU ce younJie pasjnKe
u3Mebhy Be Bep3uje uctor copTBepa Kajia To HUje Moryhe ypaguTy Ha ApYyTH
Ha4yuH. /lajbe ce aHaIM3UPajy CaMO IIpOMeHe Koje Cy HacTaJjie oJ, IpeTxo/e
Bep3uje. OTKpUBamwe 3JI0HAMepPHOT K0oJja Takohe KopucTH nopehemwe kojia Kako 6U
ce OTKPUJIO Jla JIM HEKH KO/, JINYM Ha HEKU [T03HATH 3JI0HaMepHHU KoJ. [lopehemwe
KOJia ce I0jaBJ/byje U y 00/1aCTU KOMIIaKLMje KOAa, KaZjd je IOTpeOHO CMambUTH

BeJIMYMHY Koza. [loTpeba 3a koMIaKI1joM Ko/ia ce Hajyelhe MojaBbyje KOJ
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yrpabeHux ypebaja rze cy pecypcu BeoMma uecto orpaHudenu. Tabesa 2.1

npUKasyje je nperye/; YeTUPU 06JIaCTH U IpUMepe NPUCTyIa KOju Cy

NpUMeH/bHMBHU Ha MP06JieM TocMaTpaH y OBOM paay.

Ta6ena 2.1 [Ipersies 061aCTU M IPUMeEPH ajIaTa KOjU nopejie KOA HA GUHAPHOM

HUBOY (CD - oTkpuBame cOPTBEepCKUX KJIOHOBA, LV - OTKpUBame HapyliaBamba

JIUIEHIHUX IIpaBa, MD - OTKPpHUBAKE 3JIOHAMEPHOT KOJa U VA - aHa/iu3a PabUBOCTH

codpTBepa). Tpu oceHyeHa no/ba y KosioHaMa MD u VA npeacras/bajy

KapaKTEPHUCTHUKE aJiaTa KOie Cy A€/IHMHUYHO MOTHUBHCAJIE YBOI’)el-be ABe€ o4 1eT

TeXHHUKa 32 N060/bIIIabe pe3yjTaTa NpeaJozKEeHOT IPUCTyIa.

AKpPOHMM CcD LV MD VA
Anart ACD [13] Zip (BAT) [14] Opcode [15] Dullien [16]
OTKpuBarLe
OTKpuBare Hapywasame AHanusa
O6nacr 3/10HaMepHor
KNOHOBaA NNUEHUHMNX NpaBa parbMBOCTHU
KoAa
Kopuctu aa (ynapyje aa Aaa
He
TOKeHe TOKeHe) (ynapyje TokeHe) | (6poju TokeHe)
Kopuctu
He He ha ha
MeTpuKe
Kopuctu
He He He ha
rpadose
Huso aHanuse Bnokosu bnokosu bnaokosu
BasnyHmn
yHyTap npomeH/bMBe npomeH/bMBe duUKCcHe
610K0BMU
npoueaype BE/IMUYNHE BE/INYNHE BEINYNHE
HuBo aHanuse
ha ba
usmehy He He
(ueo nporpam) (rpad nosusa)
npoueaypa
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AKpPOHMM cb LV1 MD VA
Uctn Pasnnuutu Pasnnuutu Uctun
MpeBohere
npesoannal, npesoanoum npesoanoum npesoannal,
Mporpamep +
U3BOp pasnuka Mporpamep Mpesoannay, Mporpamep
npesoannal,
Huso MpeTerkHO MpeTerkHO
MpeTexXHOo UcTn MpeTeXKHOo nuctu
pasnanumnTocTn pasnnMunTn pasnnMunTn
JlokanHocT MpeTexHo
PasbauaHo JlokannzosaHo | JIoKannusoBaHoO
pasnuka JIOKa/IN30BaHO
MoTpara 3a
MNoTpara 3a MoTpara 3a
KOZOM KOju MoTpara 3a
Motusauuja CANYHOM €KBUBA/IEHTHOM
INYM Ha 3aKkpnama
npouenypom npoueaypom
310HamepaH
Hahu Hahu
Lumb Hahu camyHoctm Hahu pasnuke
C/IMYHOCTH C/IMYHOCTH

2.2 CopTBEpPCKM KJIOHOBH U IJIardjapu3amM

C/v4HU [1eJI0BY KoZia ce y copTBepy MojaBJsbyjy U3 Bullle pasJjora. /[Ba

HCTaKHyTa pasJjioray cay4ajy ofprKaBama copTBepa cy kopuilhewe obpaszana

NpUY pellaBamy CIUYHUX NPo6aeMa U KONIMpamwe KO/Ja Y3 eBEHTYaJIHe

MoavdHrKalje KonMpaHux JesoBa [12]. Mako mocToje CHaXKHU pa3Jio3u NPOTUB

KOIlhMpaka AeJioBa KoJa 360T KOMIIJIMKOBamwa 1 INOCKYyIlJbHMBaka IpoLeca

oZpKaBama coPpTBepa, MOCToje U oapeheHe npegHOCTH, MOMYT OpKeT NHcamba

KO0/Zia, 6p>KeT pa3Boja HOBUX QYHKIIMOHAJIHOCTH, U30eraBame o3uBa U oBpaTKa

Y3 Ipolie/lypa ¥ 3a00U/1aXKeha HeJlocTaTaka KopultheHor je3nka. CBe MOMeHyTe

NpeAHOCTHU J0BO/Jie J10 moBehamwa 3acTyN/beHOCTH KONUpakha Y TOKY pa3Boja
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codTBepa. KomupaHu ZieJIoBU ce y HEKUM C/1y4ajeBUMA 3a/Ip>Ke Y OPUTHHATHOM
00JIMKY, [IOK Ce Y APYTUM I0jaBJ/byjy Y HE3HATHO U3MEHeHOM 06JIMKY paju
06e36ehrBamba HOBe PYHKIMOHAJHOCTH. HakHa/lHAa ©3MeHa HEKOT 0/ ieJioBa
KO/la KOjH Cy KOIMPaHU ycyie[ OTK/Iakbatha YOUeHUX HelocTaTaka Hajyelnhe
3axTeBa UCTY UJIU CJIMYHY U3MEHY Y CBUM HaUHWbeHUM KOTHjaMa, O61JIo 1a cy
KOTIHMje 3a/Ip>KaHe Y OpPUTHHAIHOM OOGJIMKY WJIH Jla Cy u3MereHe. 063upom Ja
npaBJbe€e KOMUja KOoJa Mo MPaBUJIY HUje JOKYMEHTOBAHO, HEONXOAHU CY
copucTULIMPaHU aJ1aTH Koju he noMohu ia ce npoHal)y CIMYHU [1eJI0BU KOZA KaKO
6U ce YOJIQKUIN UK Y TOTIYHOCTH OTKJIOHU/IM HETaTUBHU epeKTHU HallpaB/beHUX

KOIlyja.

Y cnydajy niiarvjapusma, KOlMpaHu JieJIOBU KOJla HACTajy ycie] HeeTUYKOT
NOHallamka YYeHUKA U cTyAeHaTa. [lo npaBuiy, arujaTop nNoKyuasa ja U3MeHHU
KO/l KaKko 61 PUKPHO Tparose Konupamwa. HajjesHocTaBHUje u3MeHe HACTajy
M3MeHaMa KOMeHTapa U ApyrayvjuM ¢popMaTrupameM Koja. Hewrro cioxeHuje
VM3MeHe HaCTajy Kao pe3y/ITaT CACTeMaTUYHOI IIpeMMeHOBaba IPOMeH/bUBHUX U
npoueaypa. 036u/bHUje U3MeHe HACTajy Kao NocjaeAula IpoMeHe pejociaesa
MHCTPYKIIMja, Kao U 0/laBaka HOBUX UJIM OpHUcamba HeOTPpeOHUX JieJoBa KOJa.
Hajo36u/bHUje n3MeHe HAcTajy Kajia ce [leJI0BU Ko/ia 3aMeHe QYHKIIMOHAIHO
eKBHBAJICHTHUM /JleJIOBUMA KO/, /1A Ce Y TAKBUM CHUTyallMjaMa JJOBOJH Y IUTabe

y KOjOj Mepy HOBHY KO/, IpeCTaB/ba IJIarujaT OpUrMHAJHOT KOJa.

Komnuje koza, Koje ce nojaBJbyjy Yy U3BOPHOM KOJy, Ha3BaHe Cy
codTBEpPCKUM KJIOHOBHMA U Y CKJIaAy ca 0O6JMKOM y KOjeM je KOoIuja 3a/ipKaHa,

k1acupurKoBaHe Cy y jefjaH o/ 4 Tuna copTBepCcKUx KJoHOBa [7]. Konuja usBopHor
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KO/Ia KOja je UIeHTUYHA OPUTUHAJTHOM KOJY, Y3 €eBEeHTya/IHy U3MeHY 6esux
3HAKOBa U KOMEHTAapa, NpeJcTaB/ba COGTBEPCKU KIOH TUNa 1. CHHTaKCHO
M/JleHTHYHA KOlMja KoJla HacTaJla eBeHTYaIHUM NIpeMMeHOBabMa Ha3uBa
IIPOMEHJ/bUBUX, TUIIOBA, 10/bA CTPYKTYpPA U KJIAca, Kao U NpoleAypa npeJcTaB/ba
codpTBepCKU KJIOH THNA 2. [la/bUM U3MeHaMa KOIHje KoJla Y CMUCJYy U3MeHe
nocrojehux Hape/ 06U, f0JaBakba HOBUX M OpHcamba CTapux, 106ujajy ce
codpTBEPCKU KJIOHOBH THMNA 3. YKOJIMKO Cy UNaK HaulbeHe u3MeHe y BeheM
06MMYy, TaKO Jla ce He MO>Xe NpeNo3HaTH CUHTAKCHA CJIMYHOCT /Ba ynopeheHa
KO/Ia, aJIk Ce MOXe NM0Ka3aTH CeEMaHTHYKA UIEHTUYHOCT yropeheHux Ko/i0Ba,

TaZia ynopeheHu KoZ0BY cnaziajy y rpyiy copTBepCKUX KJIOHOBA TUIA 4.

Y npakcu ce nojaBJsbyjy CBa YeTUPH THUINA COPTBEPCKUX KJIOHOBA, aJIU Ce Kao
pe3yJiTaT KONKUpawa U eBeHTYa/IHOT MoiudHKOoBama Hajyellhe nojaBsbyjy npBa
TPpU TUNAa cOPTBEPCKUX KIOHOBA. Tun 4 Hajuewrhe HuUje pe3yJTaT Konupamwa Beh
pe3yJ/ITaT pellaBamba UCTOT Ipob6JeMa Ha BULLIe PAa3JIMYMTUX HAYMHA U 3HATHO je
KOMILJIEKCHUjH 3a Mperno3HaBamwe. CTora cy 3a 06/1acT OTKpUBamba COPTBEPCKUX
KJIOHOBA 3a NOTpebe o/ip:kaBama copTBepa 01 IoceOHOT 3HavYaja NpBa TPU TUIA

copTBEpCKUX KJIOHOBA.

BehuHa noctojehux asnata ce orpaHryaBa Ha Ipeno3HaBakbe HEKOT O/ IpBa
TPpU TUNA cCOPTBEPCKUX KJIOHOBA, IITO Yy BEJIMKOj MEPU 3aBUCH 0/ HUBOA Ha KOjeM
anat nopeau Koz, [8] . Kao wto je npukasano y Tabesa 2.2, npeMa Ha4MHY Ha KOjU
paze nopehewe KoAa, ajslaTu ce MOTY y Ipy60 MOJIEJIUTH y 3aBUCHOCTHU 0/ TOTa Jia
JiU cy 6a3vMpaHu Ha opehemy TeKCTa, nopehemwy JIEKCUYKUX eJleMeHaTa Uir

TOKeHa, nopehemwy cMHTaKCHUX cTabas1a, nopehemwy rpadoBa Koju ce Ha OCHOBY
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3aBHCHOCTH Y IPOTrpaMy MOT'y KOHCTPYHCATH UM Topehewmy coPpTBepCKUX
MeTpuKa. CBU ajlaTU MOTY /ia Ipeno3Hajy copTBepCcKe KJIOHOBe TUna 1. Anatu
Koju pajie nopeheme Ha HUBOY TeKcTa Hajuellhe MOTY Jla Ipeno3Hajy KOMIJIeTaH
CKyT WJIM CaMO NOJCKYI KJIOHOBA TUNA 3, JOK peTKU Mehy ’buMa uMajy MoryhHocCT
Jla mpeno3Hajy oapeheHu noAckyn copTBEPCKUX KJIOHOBA TUMA 2 U 4. AllaTu Koju
nopebheme paJie Ha HUBOY TOKeHa 10 IPaBUJly MOTY Jia OTKpPHUjy U copTBEpPCKe
KJIOHOBe THIIA 2, 0K HEKU UMajy MOTyRHOCT OTKpHBama U oApeheHor noAcKyna
k/10HOBa TuMa 3. CopTBepcKe KJIOHOBe NPBA TPY THUIA UJIU HEKU HbUXOB MOACKYT
MOTy Jla OTKPH]jy CKOPO CBU aJlaTU 6a3MpaHu Ha opehemy CHHTAKCHUX cTabasna,
JIOK ajlaTu 6a3upaHy Ha nopehewy coPpTBEpPCKUX METPHKA U rpadoBa 3aBUCHOCTH

y Iporpamy Mory /a OTKpHjy U HeKe 0/ COpTBEpCKHUX KJIOHOBaA TUMNa 4.

AnroputMu KopuliheHH y noctojehuM ajiaTuMa ¥ NpUCTyNUMa 3a
OTKpHUBamwe coPTBEpPCKUX KJIOHOBA Hajuelnhe pasie y HekoiMko ¢asza [10]. Ha
NI0YeTKY Ce paJu NpeTnpoLecupame U3BOPHOT Koja. [IpeTnponecupadu U3BOpPHHU
KoJi ce TpaHchOpMHUILIe KPO3 MpoLiece eKCTPaKLkje U HopMasiu3anuje y 06JIMK
KOjU je moroAHUju 3a nopehemwe. PesysntaTt TpaHchopmalyje ce ,0BOAY Ha y/1a3
aJropuTMa 3a nopeheme Koju npolemwyje CIMYHOCT ynopeheHUx fesoBa Koja U
ynapyje ux y ckJaZly ca polemweHoM candHolhy. PesystaTtu nopehema ce
KOpeJIMIy ca U3BOPHUM KOJI0OM KOjH je 610 Ha ys1a3y npoleca nopehewa HaKOH

yera ce pagu GuATpUpambe U IpUKa3s pe3yJaTaTa nopehema.

[IpeTnpoLecupameM yaa3HOT KOJla ce U3 U3BOPHOT KOJia OJCTPamwbyjy
JleJIOBU KOjU He YTHUYY Ha CJIMYHOCT U He Mewajy 3Hauemwe K0/a, Kao U /1eJIOBU

KOjUu 61 MOTJIM [ja IPOM3Be/ly BEJIMKHU O6p0j JTaXKHUX COQTBEPCKUX KJIOHOBA.
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Cnepnehu Kopak npeTnpolecupama je pa3/iBajambe U3BOPHOT KO/1a Ha JleJIOBe KOjU

HeMajy NpeKJ/anama 1 Koju Npe/icTaBJ/bajy HajBehe fjesi0Be KOjU Kao TaKBU MOTY

6uTH ynopeheHu ca ocTaquM ieJioBUMA y LIM/bY OTKPpUBakkha COPTBEPCKUX

KJI0HOBA. /lo6UujeHH /1eJI0BU KO/ia Ce JlaJbe JieJie Ha MOTEeHIMja/THO Makbe jeJUHUIle

KO/Ja Haj KOjI/IMa Ce pau ynapuBamwe, IITO 3aBUCH O] TEXHUKE Kopmuheﬂe 3a

nopehewe koza.

Ta6ena 2.2 [lpersies 06/1aCTH OTKpUBamba COPTBEPCKUX KJIOHOBA U IJIarvjapusma y

3aBMCHOCTH O/ HAYMHa paja.

Duploc cpdetector
Dup [19],
[17], CLAN [21], [23], GPlag [25],
CCFinder
SimCad Davey [22] Deckard Duplix [26]
(20]
(18] [24]
NpeTeXHO | NPeTeXHo
CBMU BMLUN BMLLIN
BULLN BULLN
Hema BMCOKa BMCOKa BMCOKa BMCOKa
Nekcep
HuwTta nam
Nekcep nnu Mapcep Mapcep
nekcep
napcep
Tun 1,3 Tun 1,2 Twn1,2,3,4 | Tun1,2,3 | Tun1,2,3,4
Cpeatba Mana Cpeatba Cpeama Benuka
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OcuM Kop asiaTa KOju paJie Ha TEKCTyaJJHOM HUBOY, pe3yJ/TaTu
npeTnpolecupama ce Jjabe TpaHCHOpPMHUIlLY y 0AroBapajyhy UHTEpHY
penpeseHTalUjy Koja he 6uTH KopuiheHa 3a notpebe nopehema. [Ipouec
TpaHcdopMaliyje ce CacToju O eKCTPaKIUje U HopMasiu3anuje. CaMa eKcTpakKijuja
npeJ/cTaB/ba polLec ,00Ujatba MHTEePHE pelpe3eHTalltje 0/f U3BOPHOT KO/Ja, Uy
3aBHCHOCTH OJi IPUCTYIa MOXe Jia ce 6a3upa Ha U3/iBajalby TOKEHa, NapCcupamy
M3BOPHOT KOJia U aHa/IM31 rpadoBa KOHTPOJIe TOKA U rpadoBa 3aBUCHOCTH 1O
nojanyMa. Y 3aBUCHOCTH OJf IPUCTYIA, Y OKBUPY TpaHCcHOpMalvje U3BOPHOT
KOJla y UHTEpHY pelnpe3eHTal ]y KOPUCTe Ce pa3JIMynTe TEXHUKE 3a
HOpMaJiM3allyjy, Koje MMajy 3a U/b [ja CBaKH Jle0 KoJia J0Bely y oAroBapajyhu
npesedUHUCAaHU 0OJIMK KOJIa KOjU je CEMaHTHUYKH €KBUBaJIeHTaH M0JIa3HOM.
CraHJapAHe TeXHHKe HOpMa/IM3alyje 00yxBaTajy YKJIambame CYBUILIHUX OeJINX
3HAKOBAa, yKJIambame KOMeHTapa, HopMa/u3alyja uaeHTuUdrUKaTopa u
npenpasJ/bakbe KoJa y LU/bY J0BOhema KoZ0Ba Koje Tpeba ynopeJuTH Ha UCTH
npejeprHUCaHU 00K (HIIP. Y Hapea6u if Mopajy ia ce KopucTe BUTUYACTE
3arpajie). BehuHa TexHrKa 3a HopMasiM3alLMjy ToMaXke OTKpUBamwy Beher ckyna
copTBEPCKUX KJIOHOBA TUNA 1 KOjU Cy HAcTa/IM Kao pe3yJTaT pa3JuyuToOr
dbopMaTUpama U3BOPHOT KO3, J0K TEXHUKeE NONYT HOpMaJu3aLuje
uaeHTUUKATOpPa MOTY /la MIOMOTHY Y OTKpUBaky oZjpeheHux copTBEpCKUX

KJIOHOBA TUIA 2.

WHTepHa penpe3eHTalyja, jo6MjeHa y npolecy TpaHchopmaluje, KOpUCTU
ce Jla ce HEKUM O/Ji IpUCTyMa 3a nopehemwe koza npeno3Hajy copTBepCcKH KJIOHOBH,
HaKOH 4era ce Npeno3HaTy KJIOHOBU QUITPUPAjY ¥ LIM/bY CMakera 6poja

IOTPEIHO NPEeN03HATUX KJIOHOBA. Y 3aBUCHOCTH 0Jf KOHKPETHOT MPUCTYIA,
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buntpupame ce paiu MaHyeJIHO UJIM ayTOMaTH30BaHO. AyTOMaTU30BaHO
buntpupame ce 6a3upa Ha ynoTpebUu HEKe 0/] XeyPUCTHUKA U NI0jaBJbyje ce y JiBe
BapujaHTe. Y IpBOj BApUjaHTH Ce paJy COPTUPaHE NPero3HaTUX KJIOHOBA 0O/
OHMX KOjU HajBEpOBATHH]e jecy KJIOHOBH [0 OHUX Ca HajMakbOM BepOBaTHONhOM,
JIOK Ce y APYT0j BapujaHTU AoHOCH GUHATHA OJJIyKA /A JY [iBa ynopeheHa Jena

KO/la 3aMCTa MPeJ/ICTaB/bajy COPTBEPCKHU KJIOH UJIU He.

2.2.1 AnaTu 6a3upaHu Ha nopehewy Tekcra

Konupane fesioBe Ko/Jla KOju OCTaHy y HEU3MeHEHOM 00/1MKy Moryhe je
npoHahy AupeKTHUM nopehewmeM U3BOPHOT KOJa, IPY YeMY Ce U3BOPHU KOJ
nocMaTpa Kao 00M4aH TeKCT KOjU CaZIp>KU UleHTHUYHe JesoBe. [IpeHOCT 0BaKBOT
NPUCTYIA je LITO ajaTH 3a nopehewe He 3aBUCE OJ] je3MKa Ha KOjeM je KO
HaNKCaH, LITO pa3Boj ajlaTa YMHM je/lHOCTAaBHHjUM U oMoryhaBa NpuMeHY jeJHOT
asiaTa Ha Behu 6poj pa3/IMYMTHUX je3uKa. llak, 0CHOBHU HeZ0CTAaTaK OBaKBUX
NPUCTYIIA jecTe LITO Cy BeOMa 0CeT/bMBHU YaK Y Ha jeJHOCTaBHE U3MeHe U3BOPHOT

KoJia.

OnpebhuBame CIMYHOCTH ie/I0BAa U3BOPHOT KO/Ia HA HUBOY TEKCTa
no/ipa3yMeBa NpoHaJaXKehe UIeHTUYHUX CEKBEHIIM 3HaKOBa y ynopeheHum
JleJIOBUMa KoJia. YIlapuBame UCYBHIIe KPaTKUX CEKBEHLM 3HAKOBa MOXe /ia
pou3Be/ie BeJIMKH 6poj coPTBEPCKUX KJIOHOBA ycJle, ylapyuBamwba K/byYHHUX peun
Y IpyTUX je3UYKHX eJleMeHaTa KOju ce 4ecCTo 0jaBJbyjy y nporpamMmuma. Ctora
BehuHa npucrtyna fedrHuIIe MUHUMAJIHY AYKHUHY CEKBEHLU KOje MOTY Jia
npejcTaB/bajy copTBepcke kaoHOBe. Tako anaT NiCAD[27] cyrepulie fa

copTBepCKU KJIOH He MOxKe J1a 6yze Kpahu of 6 IMHUja U3BOPHOT KO/Ja.
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HajjenHocTaBHU]jY, a/iu U BpEMEHCKU Haj3aXTeBHUjU IPUCTYII je nopehewme
CBUX MOoryhux cekBeHIU. Y ciy4ajy nopehemwa Behux Jies10Ba U3BOPHOT KoJia 6poj
CEeKBEHLIM MOXKe OMTHU M3y3eTHO BeJIMKH, IITO y3 KBaZ|paTHY CJI0XXKEHOCT MOXe /a
3axTeBa HeNIPUXBATJ/bUBO IIYHO BpeMeHa. 360r Tora BehrHa npucTyna npuberasa
TEeXHHKaMa Koje CMawyjy Opoj CEKBEHIU KOje YyUYeCTBYjYy Y nopehewy Tako 1ITO
eJIMMUHUILY CeKBeHIe 3a KOje je BeOMa MaJIo BepOBaTHO Jja MOT'y NIpe/iCTaB/baTH
codpTBEPCKHU KJIOH U CEKBEHIIE Koje ce y leJIOBUMa MOTy Hahu y pyrum
CeKBeHIl|aMa Koje ce MOT'y YIIapUTH. JejJaH HA4YUH eJIMMUHaLUje CeKBEHIH je
Oupame caM0O OHUX CEKBEHIIY YMjU MOYETAK U KPaj 3a/0B0J/baBajy oJpeheHe
yHanpe/ aebuHucaHe kputepujyme. 063UpoM Jia ajlaTuMa y OBOj TPy HUje
N03HAT je3UK Ha KOjeM KO/] HallMCaH, 3a TpaHUlle ce 6Mpajy 3HAKOBU KOjU
3a/10B0/baBajy KpUTEPHUjyMe KOju He 3aBHCe 0/ je3rKa. [[pyuMepu TakBUX
KpUTepHjyMa Cy 3HaK 3a IIpeJia3aK y HOBU peJj, I0YEeTHO CJI0BO pe4yu UJIU
onepatopy. Heku xubpuHU NPUCTYNU UTNIAK YK/bYUYjy U celuPUKaALUjY je3uKa
TaKo LITO J03B0JbaBajy Ja yllapuBabe MOXe [104eTH CaMO 0/ HEKUX
KapaKTepUCTUYHUX eJleMeHaTa je3uKa. JelaH TakaB NpUCTy je ox Manber [28],
rJe ce npejaJjaxe Jia ynapyuBame MOXe II04YeTH CaMO O/ K/bYYHHUX PedH je3hKa KOju
ce nocMaTpa. Mako moMeHyTH NPUCTYIl KOPUCTU UHPOPMALHje O je3UKY,
nopehemwe Mnak paJiu Ha HUBOY TEKCTA. JOlll jeiHA TEXHHUKA 32 CMakbee Opoja
CEeKBEHILH Koje je IOTpe6GHO YyIOpeAUTH je IpUKa3aHa y jeZJHOM OJi IPBUX
NpUCTYTIa Koju paay nopehewe Ha HUBOY TekcTa [29, 30], Koju npeiaxe Aa ce
Ha/J, CBUM MoryhuM cekBeHILlaMa o/labpaHe GUKCHE AyKHWHe U3padyHajy Xelll
BPeHOCTHU M [ia Ce KaCHHje nopeje caMo CeKBeHIie Koje MMajy UCTe Xelll

BpeJHOCTH, YMMe Ce CMamyje 6poj MoTpeOHUX nopehewa. Y TaKBOM ciy4dajy
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nopeheme ce paiu Ha HUBOY CEKBEHIIM GQUKCHE AYKUHE, 10K COPTBEPCKU KJIOH

MO’Ke /la TIOYHe Kao U /la ce 3aBpLIM Ha 6UJI0 KOM 3HAKY y KOAY.

JenHa of HeraTHBHUX CTpaHa NPUCTYIa 6a3upaHUX Ha opehemwy TeKcTa je
OrpaHv4YeHa NIPUMEH/bUBOCT 0e3 peTXoAHe 00paje ycies peBesuKe
0CeTJbMBOCTH YaK U Ha jeIHOCTAaBHE U3MeHe, IONYT OHUX Koje ce cycpehy y
KJI0HOBMMa Tuna 1. [I[puMepu TakBUX U3MeHa Cy Pa3IM4MTO popMaTUpabe
KOIMPaHOT KO/ia, Kao U Jj0/laBakbe, U3MeHa UM bpucambe KoMeHTapa. [I[poTus
HaBeJleHUX U3MeHa aJlaTy U3 OBe I'pylie ce 60pe CKYyIOM TeXHHUKa 3a
HOpMaJIM3al1jy KoJia Koje IpUMembyjy Y TOKY TpaHchopManuje Koza. [Be TexHUKe
KOje ce 4eCTO KOPHUCTe U Y APYTUM NIPUCTYIIMMa Cy yCMepeHe Ka HopMaJu3anuju
KOMeHTapa U HopMaJiu3aluju 6esux 3HakoBa. Hopmanusanuja komeHTapa
Hajuyeluhe mojpasyMeBa MOTIYHO O CTpamUBambe KOMeHTapa. Unak, Heku
NPUCTYIIH NPeJJIaXy Jla ce UM KOMeHTapH nopeje, jep ce 300r ckpahuBamwa
BpeMeHa IIporpaMupama KOMEHTApH 4eCTO 3aJip>Ke Y HeIIPOMEHhEeHOM 00JINKY
MaKo Ce KONMUPaHHU Jle0 KoJla U3MEeHH Y IUJby 06e36ehrBama HOBUX
dyHkMoHanHocTu. HopMmanusanuyja 6e11x 3HaKoBa MoJipa3yMeBa CBohemwe CBUX
OesiMX 3HAaKOBaA Ha M10jaB/bMBakba 6e/INX 3HaKOBa 110 yHanpes JeGUHUCAaHUM
IpaBuJMMa. Y 3aBUCHOCTH O/ IPUCTyINa KOju ce KOPUCTH 3a opeheme, 6esn
3HAKOBY MOT'Y Jia ce y NOTIYHOCTH OZCTPaHe WJIU Jia ce CBa BULIeCTpyKa
y3acTOIlHa N0jaB/bMBakba 6eJIMX 3HAKOBA CBe/ly Ha jeIHOCTPYKa [10jaB/bUBama. Y
aJITOPUTMHUMA y KOjUMa IIpeJsioM KOoJa 10 JIMHHjaMa HUje KopHuiuheH y npouecy

nopebhema, 3HaKOBU KOju 03HA4YaBajy Kpaj pe/ia ce Mory 06prucaTH y NOTIYHOCTH.
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Jpyru o6aunu 60pbe npoTUB cOPTBEPCKUX KJIOHOBA KOjU HUCY TUMNa 1
YeCcTO 3aXTeBajy O/ ajlaTa MO3HABakE je3MKa U NPe/ICTaB/bajy XUOPUJHE
npuctyrte. JeaaH Takas auatT je NICAD koju npeacTaB/ba KOMIIPOMUC U3Mehy
KOMILJIEKCHUJUX IPUCTYIA OTIOPHUX Ha Behe U3MeHe y KO 0BMMa Koje je
NOTpe6HO ynopeJUTH U jeJHOCTaBHUjUX IpUCTYIa nopehemwa koaa y
TEKCTyaJJHOM 006/1uKy. [loMeHyTH anaT y npouecy TpaHcopMalnyje KOpUCTH 3
TeXHUKe: popMaTUpame Koja 1o ogpeheHOM KOJJHOM CTaHAapAYy, OTpaHUYeHy
HOpMaJIn3anujy uaeHTuduKaTopa 1 oj6alBambe e10Ba KoJa KOju He yTU4Yy
JUPEeKTHO Ha GYHKLMOHAJHOCT U CAMUM THUM HUCY OJi UHTepeca 3a nnopeheme.
Kop ce dopmaTupa Tako ITO ce cBaka Hape/6a 3anulle y BULIe JHMHUja 110
yHanpe/, feGUHUCAaHUM NIPAaBUJINMa, [ja O ce ynapuBawkeM YUTABUX JIMHUjA Y
dbopmaTHupaHOM Koy 3a00UI11lJIe pa3JivKe Koje Cy ce MojaB/bHBaJle Y HEKUM
JleJIOBUMa Hape/0e U Koje OM YMHHUJIe 1a CYy OPUTMHAJIHU PeJlOBH Ca TOCMAaTPaHOM
HapeA060M pa3/IMYMTHU HaKo je BehuHa Hapebe uaeHTUYHA. Hopmanusanuja
uJleHTUUKaTopa nojpasyMeBa 3aMeHy CBUX UJeHTUdUKATOpa jeJHUM
YHUBep3aJHUM naeHTudUKaTopoM. OBakBa M3MeHa MOXe Jia [J0BeJie [0 IpOMeHe
GYHKIIMOHA/JIHOCTU TOCMATPaHUX KOJI0Ba U Kao TaKBa, MOXKe Jia ZloBeJle 10 [I0jaBe
NOTPeLIHO yIIapeHUX JleJI0Ba KOZa U JIaXKHUX cOPTBEpPCKUX KiIoHOBa. CTora
NPUCTYI NpeJJjiaxke orpaHWYeHy HOpMaJ/iM3alyjy HAeHTUPUKATOPa, TaKO Jia ce
caMo ozipeheHa nojaB/bUBama UJeHTHPUKATOpa 3aMeHe YHUBeP3aJHUM
ujeHTuduKaTopoM. THMe je HaUMHbEH KOMIIPOMHUC KOjH CMamwyje MoryhHocT
1ojaBe JIaXKHUX COQTBEPCKUX KJIOHOBA, a/IM UCTO TaKO CMakbyje OTIIOPHOCT Ha
u3MeHe. OBaKaB IPUCTYII je ONpaB/JaH YMEHULOM /ia ce Y GopMUpamy

copTBepCKUX KJIOHOBA Yy Mpoliecy pa3Boja copTBepa Hajuelihe He pajie
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cUCTeMaTH4YHa IperMeHOBakba NPOMEH/bUBUX U QPYHKIIMja, LITO Ce YeCTOo AellaBa
y cay4dajy niarvjapusma. Tpeha npejJjioxkeHa TEXHHKA je o/ib0aljiBambe e/10Ba
KO/ia IONyT JieK/apalyja IpOMeH/bUBUX, LITO He yTHYe JUPEKTHO Ha

¢YHKHHOH8HHOCT IMoCMaTpaHOrI KoJa.

[IponaheHe copTBepcKe KJIOHOBE je NOTPEOHO KOpeJIUCcaTH ca U3BOPHUM
KO/JIOM KaKo 61 ce HaheHU copTBEPCKU KJIOHOBY NPUKa3aJu KOPUCHUKY. BehrHa
asiaTa copTBepCKe KJIOHOBe NIpHKa3yje y 00JIMKY NapoBa CEKBEHLU KOJa UJIH
eBeHTYyaJIHO Ipylla CeKBEHIIU KO/la Koje NMpeJCTaBJ/bajy COPTBEPCKe KJIOHOBE.
I'pyne ce nojaB/byjy YKOJIMKO je HEKH Jie0 KoJla KOIMpaH BUlle nyTa. Heku o
aJlaTa 3a IpUKa3 KopucTe U rpadpUUKy penpe3eHTalHjy TaKo IITO KJIOHOBe
NpUKa3yjy BU3yesIHO Kao CKyn Tadaka Ha 2/l rpaduky [31, 32]. Ha cBakoj oz oca cy
TayKe Koje NpeCcTaB/bajy MUHUMMAJIHE JleJ10oBe KOJa KOjU ce JUPEKTHO Iopeje.
JleJIoBM KoZia Cy Y3eTH TaKo Jia ce He NIpekKJianajy v nopehaHu Tako Jja ce b UXOBUM
CrajamkeM M0 pefoc/iely ojaB/bHBakba Ha OCH Jl0OMje CeKBeHILa KoJa y K0joj ce
Tpake KJIOHOBU. CBaKa 0/; oca pe/icTaB/ba jeJHy O/ iBe CeKBeHIle Ko/ia Koje
y4ecTBYyjy y nopehbemwy 1 y kojuMa ce Tpaxke COPTBEPCKH KJIOHOBHU. Y KOJIMKO Ce
npu nopehemwy MUHMMa/IHUX /leJI0Ba KOJIa KOjU NIPe/iCTaB/bajy /iBe TayKe Ha
pas3JMYUTHUM 0caMa yTBPAM Jia CYy UCTH, Ha rpad UKy ce y IpeceKy LjpTa Tauka. Y
CYIIPOTHOM, Yy IpeceKy HeMa Tauyke. Ha onvcaHy HauuH, COPTBEPCKU KJIOHOBHU Ce
MOTY IIpeno3HaTH Kao JijMjaroHasHe JIMHUje Ha CJIMLY, LITO oMoryhaBa
ayTOMaTH30BaHO Npelo3HaBame. YKOJMKO ce yCI0B nopehema Masio pesakcupa
WJIY Ce [L03BOJIe KPaTKU NIPeKU/IU /UK CKOKOBU Ha JIMHUjaMa, Moryhe je

npeno3HaTH U copTBepCKe KJIoHOBe TUMna 3 [33].
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[TocToje u mpUcTyny 6a3MpaHU Ha TEKCTY KOjU Cy HAMEHEHH OTKPUBabY
KOHLIeNTYaJIJHUX KJIOHOBA BUCOKOT HUBOA. JeJjlaH TakaB IIPUCTYI je Marcus i
Maletic [34] koju KOpUCTH YUbEHULY Jia UJeHTHUPUKATOPU U KOMEHTApH 4eCTo
HoCe KOpUCHe UH$opMaluje o 3Hayewy nporpama. Ha TekcT n3BopHor kozja
NpUMEBYjy JIATEHTHO CEMAaHTUYKO UH/IEKCHpambe (eHT. Latent semantic indexing -
LSI). um je y ynopeheHHM ceKBeHIIaMa KO/ia OTKPUTH pPeyu ca UCTUM UJIU
CJIMYHUM 3HaYeleM U Ha OCHOBY Hal)eHUX peuM MPOLeHUTH CJAMYHOCT

ynopebeHHx CEKBEHIIM KO/a.

[IprMeH/bUBOCT aslaTa 6a3MpaHuX Ha nopehemwy TekcTa Ha NpobJieM
IIOCMaTpaH y OBOM pajly je orpaHUYeHe ycJjie/| HelloCTOjalkba U3BOPHOT KOJa
nporpama 3a Koju ce CyMmba /1a KOPpUCTU 6MOJINOTEKY. AjlaTu 6U MOTJIU GUTH
IpUMemheHH Ha aceMbJIepCKy pelpe3eHTalljy 6MHApHOT KoJia porpaMa u
6ubsMoTeKe, IpY UeMy 61 ce MOpaJia OCMUCJIUTHA HOpMasn3alyja KopuiheHux
pervcrapa 1 MeMOpHjCKUX afpeca. Yak ¥ Tako npuiaroheHH, ajnaTh He 6U MOTJIU
Jla ce 60pe HU ca HEKUM jeJHOCTaBHUjUM HU3MeHaMa MOMyT IpOMeHe peJlocae/a

MHCTPYKILUja U CyNCTUTYLUjOM QYHKIIMOHAIHO eKBUBaJIEHTHUM MHCTPYKLHja.

2.2.2 AnaTu 6a3upaHu Ha nopehewmy TOKeHa

AJlaTy Koju nopeJie TOKeHe KOPUCTe JIEKCUYKY aHaJIM3y, Kao LITO TO pajie U
KOMIIajJiepHy, Aa yJAa3HU TeKCT TpaHCPOPMHULLY y HU3 ToKeHa. [loGujeHe ceKBeHle
TOKeHa ce KaCHUje rnopeJie Kako 6u ce Mehy vbuMa npoHauuie Kpahe cekBeHIe
TOKEHA KOoje ce MOHABJ/bAjy Y Pa3JIMYUTUM JeJloBUMa KoJia. [lopehewe kona Ha
HUBOY TOKE€HA UX YNHU OTIIOPHUM Ha jeJHOCTaBHHUje U3MeHe IOy T Pa3JuIUTOr

dbopMaTUpama Ko/ia, pa3/iMuuTe ynorpebe 6J1aHKO 3HAKOBA, a II0jeJHOCTaBJ/byje ce
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Y OTKpHMBame KJIOHOBA y KOjUMa je JOLLIO0 10 IpeMMeHOBabha NPOMEH/bUBUX U
¢dyHk1ja. Unak, 3a pasiuky o nopehemwa KoJja Ha HUBOY TEKCTA, TOKEHU3allMja
KOJla 3aXTeBa JleJIMMUYHO NT03HaBake je31Ka, I1a je 3a CBAKU je3UK ITOTPeOHO
npuaarofauTy ajnat. 063upoMm Ja ce ynapruBambe paJu Ha HUBOY Y30PKOBAaHUX

TOKeHa, 32 noTpebe npuaarohaBama JOBO/BHO je UMILJIEMEHTUPATU HOBH JIEKCED.

OTHnOpHOCT OBUX ajlaTa Ha U3MeHe 3aBUCH 0] Mepe y Kojoj ce nopeheme
CEeKBEHLIU TOKeHa peslakcupa. JupeKTHUM nopehemeM ceKBeHILU TOKeHa Y3
3axTeB /la CBM TOKeHU OyAy UIEHTUYHHU, IOCTHXKe Ce OTIIOPHOCT CaMO Ha KJIOHOBE
Tuna 1. OTIOpHOCT Ha HEKe O/ KJIOHOBA THUIla 2 OCTHXKe ce peJlaKCUpamkeM
nopehemwa TokeHa Koju 0AToBapajy uJleHTuPUKaTOprUMa U JUTePaJTHUM
KOHCTaHTaMa. [loTnyHo peslakcupame y CMUC/IY U3jeJHaYaBawba CBUX TOKEeHa KOjU
NpeJCTaB/bajy UAEHTUPUKATOP U UCTO TAKO CBUX TOKEHA KOjU NPeJCTaB/bajy
JIMTepPa/IHY KOHCTAaHTY YMHHU ajlaTe NOTIYHO OTIIOPHUM Ha lIperuMeHoBame. Unak,
Ha ONMCAaHU HAa4YMH Ce U3jeiHayaBajy CBU UAeHTUPUKATOPH, [1a Ce MOXKe JeCUTH Jia
JlBa Ko/la KOju ynoTpe6/baBajy 4YakK U pasIMuUT 6poj ugeHTuduKaTopa, 6yay

NporJalleHy UCTUM IITO NpesCcTaB/ba JIAXKHU COPTBEPCKU KJIOH.

OTnopHOCT Ha copTBEepCKe KJIOHOBE THUIA 3 MOCTHXKE CE PeJIaKCHPAeM
yCJIOBA Zia IieJie ynopeheHe ceKBeHIle MOPajy OUTH MOTIYHO UJeHTUYHE. YKOJIUKO
ce omoryhu /1a y jeiHOj 0/] CEKBEHI|U HEeIOCTaje HEKU 0/ TOKEHa, IOCTHXKe ce
OTIOPHOCT Ha yMEeTHYTE U 06pHcaHe McKa3e. AKO ce 03BOJIU Jja Ce y yIapeHoj
CEKBEHIIM MOTY M0jaBUTH U PA3JIMYUTH TOKEHH, ITOCTHXKE CE OTIIOPHOCT HA

M3MeHY N0jeIMHUX MCKa3a. Mnak, noBehameM oTHOpHOCTH Ha U3MeHe noBehasa
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ce 1 MOT'yhHOCT MOrpelHor ynapuBama /ieJ10Ba KoJia KOjyu MUMajy NOTIYHO

pasIM4YUTyY GYHKLUOHATHOCT aJIM UMAjy CJIUYHY CTPYKTYPY.

JenaH of pBUX NPUCTYIa 6a3MpaHUX Ha TOKeHMMa [pUKa3aH je y aJaTy
Jyn [19]. [Ipuctyn npepgJiaxke TOKeHU3alUjy JIMHUjA U3BOPHOT KoJa y
napaMeTpU30BaHe U HellapaMeTpHU30BaHe ToOKeHe. [lapaMeTpU30BaHU TOKEHH Cy
UJeHTUPUKATOPHU U JIUTepaIHe KOHCTAHTe, 10K CYy OCTa/IM TOKEHHU
HelnapaMeTpU30BaHMU. Y IU/by yop3aka NPUCTYII Npejsaxe padyyHawbe BpeJHOCTH
xell GpyHKIIMje 3a CBaKy JIMHU]y TAaKO LITO Ce CBU UJeHTUUKATOPU U JINTepasIHe
KOHCTaHTe 3aMeHe jeZJHUM cuMO60J10M. [loTOM ce u3a u3padyyHaTe BpeJJHOCTH
peJioM HaZl0BeXy Xell BpeJHOCTH CBUX UJIeHTUPUKATOPA U JTUTEPATHUX
KOHCTAHTH 10 peJioc/ie/ly ojaB/bUBakba y IOCMATPaHOj IMHUjU, YUMe ce 00Hja
caJip>Kaj KojU ce KacHUje KOpUCTHU 3a nopebheme. [lopene ce caMmo JrHUje Koje
MMajy UCTY Xelll BpeAHOCT, JIOK Ce 3a Xell BpeJHOCTH UHAeTUPUKaTOopa U
JIUTepaJIJHUX KOHCTAHTU Tpaxku 1-1 npecivkaBame fa 04 JiBe JIMHUje Oujie
nporJialieHe UCTUM. Mako nopeau nojejuHa4vyHe JMHUje, IPUCTYI Cyrepulle
yBohewe MUHUMaJIHE IyKWHe CeKBeHLe Koja he 6UTH npor/aiieHa coTBEPCKUM
KJIOHOM. 3a TpaXkeke CeKBEHILH Koje ce ynapyjy NIpUCTYIl KOPUCTH aJITOPUTMe 3a

ynapHuBame N0JICTPUHIOBa 6a3uMpaHe Ha CYPUKCHUM cTabiuMa.

[Ipuctyn onucaH y [lyn ajnaTy Moxe Jia OTKpHje KJIOHOBe THIIA 2 KOjU ce
Jl06Mjajy nperMeHOBambeM UJIeHTUPUKATOpa U IPOMEHOM JINTePaTHUX
KOHCTaHTH, a 6e3 MpoMeHe peJioc/ie/a, LITO je TO3HATO KAao apaMeTpU30BaH
KJIOH THMa 2. YBoheweM JUHAMUYKOT IporpaMupama [35] ¥ oTKpHBama Hajayxe

Jle/beHe MO/ICEKBEHLe Koja ce CacToju ol yapeHHUX JIMHHU]ja, TaKo /ia ce ylapeHe
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JuHUje nopebaHe y ucrom pefocieny y ynopeheHum gesnoBuma Koja ca
€BEHTYaJIHO YMETHYTHUM JIMHHUjaMa, TOCTHKe Ce OTIOPHOCT U HAa HEKe KJIOHOBE
tuna 3. Bpoj u3sMeHa Koje cy notpe6He sia 6u ce of jefHor ynopeheHor koja
Jl06M0 JpYyTHY NpeJicTaB/ba Ya/beHOCT ypehuBamwa (eUTOBama) U KOPUCTHU ce 3a
oapebuBame Mepe CIMUHOCTU yriopeheHux Jies10Ba KoAa. JJUHaMUYKO
nporpaMupame je KacHuje yHanpeheHo y okBupy asata CCFinder [20] ynyTap
KOjer ce y Ipoliecy HOpMaJsiu3alje NpuMemyjy TeXHUKe ypehrBama koja y
CKJIaAly ca oJijpeheHuM KOJHUM CTaHAAp/0M KaKo OU ce u3bersie CHTHe pa3JihKe

IONYT pa3/InYUTe ynoTpebe BUTHYACTUX 3arpajia y nporpaMckoM je3uky C.

360r nopehema cekBeHUM asaTu Dup u CCFinder Hucy oTIOpHU HA 3aMeHY
penocaena uHcTpykuuja. Kako 6u npepasuiao taj npob6JsieMm, CP-Miner [36, 37]
KOPHUCTH TEXHUKY 3a OTKpUBame noJcekBeH1y [38]. HakoH napcupama,
OTKpPHBAjy Ce CBe YecTe NMOoJCeKBEHIe U TAKO Ce JJ0JIa3H 10 0a3UYHUX CeKBEHLU
Koje Ipe/iCTaB/bajy KoMupaHe fAesoBe Koja. [loToM ce npuMemyjy pasin4yuTe
TEXHUKE YK/bY4yjyhu U IpeuMeHOBame HAeHTUPUKATOpa KaKo OU ce OACTPAaHUIU
JIQ)KHU KJIOHOBU, HAKOH YeKa ce pUcTyna GopMUpamy AYKUX CEKBEHIIU KOje
npe/CTaB/bajy KJIOHOBE Y IOHOBO IIOHABJ/ba eJIMMUHALMjA JIAXKHUX COPTBEPCKUX

KJIOHOBA.

Y oBy rpyny aznara cnazajy U HeKy o/] ajlaTa 3a OTKpHUBame IJlarujapyusma.
/lBa Hajmo3HaTHja ajlaTa 3a OTKPUBakbe Niarujapusma cy Moss [39] u JPlag [40],
06a 6a3upaHa Ha TOKeHMMa. M0SS KOpUCTU METOAY padyyHara OTUCAaKa U
NpUKasyje HajAy>Ke CeKBeHIle MoK/anama oTucaka. JPlag nupektHo ynapyje

CeKBeHlle TOKeHa MoKylaBajyhy Hahu Hajy»ka MokJanamwa. AJIropUuTam ce
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NOHaBJ/ba CBe /10K je Moryhe Hahu joul HEKy CEKBEHIY JJOBOJbHE AYKUHE Koja ce
noksamna. 063upoM Jia pefociies; yiapeHHUX N0/iCeKBeHIM ¥ ynopeheHnM
CeKBeHIlaMa TOKeHa He MOpa OMTH UCTH, IOCTHXKeE Ce OTIIOPHOCT Ha 3aMeHy

pejocieia UHCTPYKLHja.

[IprMeH/bUBOCT aslaTa 6a3MpaHUX HAa TOKEHKMMa Ha Npo6JieM NocMaTpaH y
OBOM pajy je HewTo Beha y 0JHOCY Ha ajlaTe 6a3vMpaHe Ha TEKCTY yCie,
MoOryhHOCTH nmapaMeTpH3aliije TOKeHa KOju 61U peicTaB/bajld OllepaH/ie
MHCTPYKLMja y aceMbJiepckoM koAy. Takohe, pesakcupame nopehema ceKBEHLU Y
CMMCJY 103BO/baBakba YMETHYTHUX U 0OpHUCAaHUX UHCTPYKIIUja A0JAaTHO
JIONIPYHOCY NPUMEH/bMBOCTH Ha TOCMaTpaHu npobJieM. Mnak, ykoanko
peBoAUIAL, U3MEHHU peJloc/ie/i UHCTPYKLUja y BeheM 061MMy, CEKBEHI|e IOCTajy
VCyBHUIIEe Pa3JUYUTE 2 6U OUJle Ipeno3HaTe OBUM asiaTuMa. Takohe, ajiaTu HUCY
OTHOPHU HY Ha HeKe Jipyre ONTUMH3allHje NONyT ONTUMHU3alMja ET/bU U
yrpabuBama npoueaypa Ha MeCTy I03UBa, KaJla MOTY Jla IPUKaXy BEJIMKU 6poj
JIOXKHUX cOPTBEPCKUX KJIOHOBA yCJie/i KOMUpamwa /ieJoBa KoZia Koje je U3Beo caM

npeBoauall.

2.2.3 AnaTu 6a3MpaHU HA aNICTPAKTHUM CUHTAKCHHMM CTA6/IMMa

AJlaTH KOjU KOPUCTE anCTpaKTHA CUHTAKCHA cTabJ1a (eHr. Abstract Syntax
Tree - ACT) xkpehy oz npeTnocTaBKe /Jja ce yJIa3HU KOJ| Tapcupa napcepom 3a
oarosapajyhu jesuk koju renepuiie ACT. [IpusnkoM nopehema ajiaT y 0BOj
KaTeropujyu KOpUCTe HEKY 0/ TEXHUKA KaKo O HalllJIM MCTa No/icTabJia, HAKOH
yera npukasyjy AeJjioBe U3BOPHOT KO/Ia KOjU 0/Ir0Bapajy ynapeHuM nojcrabjinuma

Kao codpTBepcKe KIOHOBe. /lo6pa cTpaHa OBaKBUX NpUcTyMna jecte wto ce y ACT
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3a/ipKe MPAaKTUYHO CBe HHPOPMaLHje 0 TOCMaTPaHUM M3BOPHUM KOJJOBUMa, 11a je
Moryhe npyUMeHUTH pa3He COPUCTUIIMPAHE TEXHUKE KaKO OU ce OTKPUIHU
KJIOHOBHU. MaK, Kako 64 ce jelaH OBaKaB aJlaT IPU/Iaro Mo HEKOM JIpYyTOM je3UKY,
HEOIXO0/JJHO je HallpaBUTH YUTAB Napcep 3a Taj je3ukK. Takobe, 3a pasuKy 0J
INpeTXOo/IHE JIBe TPyIe TEXHUKA, U3BOPHU KOJIOBU KOjU yUeCTBY]jy y nopehemwy
Tpeba Jla 6yy CHHTAKCHO UCIIPABHU KaKo OU ce yONUITe MOTJIO MPUCTYIUTH

nopehemy.

JenaH ox mpBUX asiaTa Koju je yBeo nopehemwe 3acHoBaHo Ha ACT je
CloneDR koju je npeaJsioxkeH y Baxter et al. [41]. AnaT Ha mo4yeTKy napcupa yJia3Hu
M3BOPHHU Ko, Kako 6u fo6uo ACT, a 3aTUM IpUMewYyje TPU aIrOpUTMa Kako 61
OTKpHO cOPTBEPCKe KJIOHOBE. Y IPBOM aJITOPUTMY OTKPHUBa NoAcTabJia Koja ce
nokJanajy. Kako 6u ce yop3asia npeTpara, 3a nojictabsia ce pauyHa xell GyHKIHja
Y TopeJie ce caMo OHa cTabJia Koja MMajy UCTY Xelll BpeAHOCT. Xelll pyHKLHja je
oflabpaHa TaKo Ja 3a/ip>KU OHe JleJI0OBe KOjU Y KJIOHOBMMa MOpajy OMTH
UJIeHTUYHY, 10K 3aHeMapyje AeTa/be Ha KOjuMa Ce KJIOHOBU MOTYy pa3/JIMKOBaTH.
Jpyru aJropyutaM TpaxXu CeKBeHIle yIapeHUX NoJcTabasia ITo ogroBapa
TpaXkeky CeKBeHLM HapeA0U y IporpaMuMa, Aok Tpehu airopuraM nokyuasa Aa
npoHahe ¥ OHe KJIOHOBE KOju HUCY NOTNYHO UJeHTUYHU KOMOUHYjyhU peTXoAHO

HabheHa ynapuBama CEKBEHIIY Mo/icTabasa.

JeiaH NPUCTYI KOjH je HELUTO paHUje NpeJI0KHU0 OTKpUBame pa3/iuKa
n3Mebhy Ba Ko/la 3aCHOBaHO Ha BapUjaHTHU cTabJia mapcupama npeJokuo je Yang
[42]. TpucTtyn ynapyje ctabJia KopucTehy TEXHUKY JUHAMUYKOT IPOrpaMUpama,

yuMe ce noBehasa OTIIOPHOCT HA YMETHYTE U o6pHcaHe AeJioBe Ko/Ja. 3a
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nocTHU3ame Behe OTIOPHOCTH Ha U3MeHe HEeKH IPUCTYNHU IPUMERYjY U TEXHUKE
OTKpHBamwa CKPUBEHOT 3Hama. ¥ ckaagy ¢ TuM Wahler [43] oTkpuBa ersakTHe U
napaMeTpu3oBaHe KJoHOBe Tako WTo ACT koHBepTyje y XML penpeseHTanujy Ha
KOjy IpUMemyje TeXHUKe OTKpUBamba CKPUBEHOT 3Hamba KaKo OU OTKPHUO KJIOHOBE
[44]. Kopak fasbe uze anat npegJioxeH of Evans and Fraser [45], koju nopef,
napaMeTpHU30Bamba YBOPOBa CTabJi1a KOjU peJCTaB/bajy U eHTUPUKATOPE U
JIUTepaiHe KOHCTaHTe YBO/ Y NlapaMeTPHU30Bakbe IPOM3BOJbHOT YBOPaA Y CTAbJIy.
Ha Taj HauuH oMoryhaBa ce ynapuBambe KJI0HOBA THIIA 3 y KOjUMa J0JIa3H 0
pasJ/iMKa y nojeJUHUM UHCTpyKLUjama. Mako ce Ha onvcaHu HauuH oMoryhaBa
npoHasia3ak Beher 6poja NpubJIMKHUX KJIOHOBA, MaHa MPUCTYIA je IITO pacTe

BpeMEHCKa CJIOKEHOCT IpeTpare jep NpoCcTop npeTpare nocraje 3HaTHO Behwu.

Hako je y ACT 3agp>kaHa BehuHa uHpopmauuja, uaeHTUPUKATOPU Cy
3aHeMapeHH KaKo ce He OU JleCUJIO0 Jja KOIMPAHHU JleJIOBU KOJla €a U3MEeHheHUM
Ha3WBHMa IPOMEHJ/bMBUX U Npolieiypa He 6yy peno3HaTH Kao COPTBEPCKU
KJIOHOBH. Y IOTNIYHOCTH Ce 3aHeMapyje U TOK loaTaKa LITO MOXe JJ0BECTHU [0
JIQXKHUX KJIOHOBA KOjU Cce cacToje 0Jf UCTHUX HapeJ01 n3Mehy kojux ce nogaunu
npocehyjy Ha pa3siMunAT HauuH. [IpucTyn je Takohe oceT/bUB M Ha 3aMeHY
peaociesa UHCTPYKLHja, 1A YaK ¥ Ha 3aMeHY KOHTPOJIHUX CTPYKTypa lporpama.
CBe oBe HeJlocTaTKe MOr'y y oipeheHoj Mepu Ja npeBa3ubhy ajiaTh 3aCHOBAaHU Ha

rpadoBrMMa 3aBUCHOCTHU y nporpamy (eHr. Program Dependence Graph - PDG).

[IpuMeH/bUBOCT anaTa 6a3upaHux Ha AST Ha npo6JieM nocMaTpaH y 0BOM
pajy je orpaHUY€eHa yc/ie]| HeMoCTojalkba U3BOPHOT Koja. [la 6u ce mpuctynu

NPUMEHUJIU HEONXO/HO je UMILJIEMEHTUPATH HOBU Mapcep Koju he of
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aceMbJiepcKe penpeseHTalyje 6MHapHOT KoAa HanpaBuTu AST. MehyTum, u y Tom
C/y4ajy 3a oueKHUBaTH je Behe cTabJ10 jep ce HEKe HHCTPYKIMj€e U3 BUILIUX
IpOrpaMcKHX je3uKa npeBofie BehuM 6pojeM MallMHCKUX UHCTPYKLHja. [lopen
BeJIMYMHe, 32 OUeKUBAaTH je Jja ce reHepUcaHa cTabJa pa3JivKyjy y Behoj mepu
ycJae/ u3MeHa Koje npeBoauonu yHoce. [loBehamwe BesinurHa cTrabasia 3Ha4ajHO
yBehaBa BpeMe nopehema, 0K BeJIMKH Op0oj pa3JiuKa y cTabJ/1y 0BOAH y MUTakbe
IPUMEH/bUBOCT TPEHYTHO IPUMEHHUBAHUX a/ITOPUTAMa 32 OTKPUBaHE CJIMYHOCTHU

Mehy oBakBUM cTabinMa.

2.2.4 AnaTu 6a3upaHu Ha rpa¢doBUMaA 3aBUCHOCTH y IIporpamy

AslaTu 3acHOBaHU Ha rpadoBMMa 3aBUCHOCTHU y nporpamy (PDG) moamxy
VHTEPHY penpe3eHTallyjy nporpaMa 3a je/laH CTelleHUK Bullle 3ap:KaBajyhu
vHdopMaliyje 0 KOHTPOJIM TOKA U/UJIU TOKY oJjaTaKa KOjUu y MporpaMy mocToje.
CaMuM TUM je 3aJp>KaHa M ceMaHTHKa porpaMa na je cCopuCcTUIMPaHUM
aJiropuTMuMMa Moryhe BeoMa npenjM3Ho Nperno3HaBamwe KJI0HOBa. Kaga ox
nporpama Hanpase PDG, asaTu y 0BOj rpyliy KOPUCTE HEKHU OJ a/iICOpUTaMa 3a
OTKpUBame nusomopdursma usmehy noarpadona kako 6u ce HaULIU CIUYHU
AesioBu. Ha Kpajy, Ae/ioBU U3BOPHUX KOJ0BA KOjU OAr0oBapajy ynapeHuM

noarpadoBrMa NpUKasyjy ce Kao HaheHU KJIOHOBH.

AnaTu y 0BOj I'pyIy Cy OTIIOPHY Ha MHOT€e M3MeHe MOoNyT yMeTamwa U
Opucama MHCTPYKIMja, 3aMeHe peloc/ie/ja MHCTPYKIUja, IpeJiiTalbe Ko/a, Kao U
Ha HEKOHTUHYAJIHOCT y Ko/ly. MaHe cy UM BeJIMKa CJI0’KeHOCT aJIropyuTaMa 3a
OTKpUBambe u3oMopdursma u caaba ckanabunHoct. CTora anatu npuberaBajy

pas/IMYMTUM TEXHUKaMa U XeypUCTHKaMa Koje ybp3aBajy paf,.
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Komondoor and Horwitz [46, 47] cy npeAJ/ioKWUIu NPUCTYN U pa3BUJIH aaaT
PDG-DUP koju kopuctu PDG u Tpaxku usomopdHe rpadose y3 noMmoh TeEXHUKeE
napuama nporpama(esr. program slicing). TexHuka npoHasia3y CKyl CBUX
MHCTPYKIIMja Koje Ha o/jpeheHoj Mo3UIUjHh MOTy YTUI[ATH HA BPEJHOCT
nocMaTpaHe NpOMeHJ/bHBe. AyTOpH ajiaTa cy Takohe npeJioKU/ad NPUCTYII 3a
rpynvcamwe HaheHux copTBepcKUX KaoHOBa. [Ipy ToMe ce yyBa ceMaHTHUKaA
OPUTUHAJIHOT KOJZ|a KaKo 60U ce 06e30e1/ia ayToMaTU30BaHa eKCTpaKLiuja

npoueaypa 3a norpebe pedpakTopusanuje Koaa.

OTkpHBame CIMYHUX oArpadoBa MaKCUMaJlHe AyXuHe Moryhe je U
WTEPAaTUBHUM aJTOPUTMOM Koju npeasaxke Krinke [48]. PDG koju ce kopuctu y
OBOM IIPUCTYIYy Jl0/laje 03HaKe Ha YBOpPOBe U rpaHe. /la 64 ce YBOPOBH yIIapuJiy,
HEOIXO/HO je 1a UMajy UCTe 03HaKe. 3a yllapuBame rpaHa HEONXOAHO je Ja ce
ynape YBOPOBH, Kao U Jia 'paHe MMajy UCTY 03HAKy. YnapuBame rpadosna je
peJlakCHpaHo TaKo Jia ce CIMYHUM noArpadoBuMa cMaTpajy oHU rpadoBU 3a Koje
BaXKH /A Ce 3a CBaKy NyTamwy Yy jeAHOM rpady Moxke Hahu oroBapajyha nytamwa y
ZApyroM rpady. Ctora ce 3a npoHa/aXKekhe MaKCMMaJIHOT noArpada Koju Moxe Jja
ce ynapy KOpUCTH IIPUCTYII KOjU yrapyje CBe IyTambe 0e3 NeTJbe, a Koje Kpehy o
jeAHOr MOYeTHOT YBOpa. Y NPBOM KOpPaKY yIapyjy ce YBOPOBH KOjH CYy jeJHY UBULY
JlaJIeKo o/ moyeTHOr 4YBopa. [la/be ce OKylIaBa ynapuBakme HapeJHUX YBOPOBA
KOjH Cy jeJHYy UBULY Jla/be O/ IPETXOAHO yIIapeHUX YBOPOBa, CBe Y CKJIaJy ca
NpeTX04HUM onucoM. OnKMcaHU NOCTyNaK ce HAaCTaBJba CBe JIOK je Moryhe fasbe

ynapuBame.
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Y oBy rpyny anara cnazga ¥ GPLAG HaMeweH OTKpUBamwy IJlarujapusMa
[25]. AyTopu cy ce orpaHHYU/IA HA IET U3MEHA y U3BOPHOM KOJly KOje 00yxBaTajy
u3MeHy popMaTa U IperMeHOBame U eHTUPUKATOopa, IPOMeHY pejoc/ea
MHCTPYKIIHja, IPOMeHy CTPYKTYpa 3a KOHTPOJIy TOKa U yMeTamwe KoJa. Hujenna
0/l HaBeJleHUX U3MeHa He HapyllaBa U3oMopdu3aM noarpadosa Koju oAroBapajy
eKBUBaJIeHTHUM KOJJ0BUMA Yy CKJIaJly ca IPeTXOAHUM OorpaHuyemUMa. Unak,
IOILITO Ce MOXe JeCUTH Jia ce II0jaBU M HeKa Zipyra U3MeHa OCUM HaBeJleHUX IeT,
ayTopu npeAJjaxy pesakcupaHo nopehemwe rpadona, Tako Jja ce 6pojeBH YBOPOBa
y rpagoBUMa MOT'Y pa3JIMKOBAaTH 10 ofpeheHe rpaHule, a ja 1py ToMe Ta /iBa

rpada 6yay nporJialieHa CJIMYHUM.

[la 6u ce anatu 3acHoBaHU Ha PDG npuMeHu/n Ha Npo6JieM NoCMaTpaH y
OBOM pa/ly HEONIXOJJHO je UMIlJIEMEeHTUPATH HOBU Napcep Koju he o 6MHapHOT
KO/la UJIM HeToBe aceMbJiepcKe penpe3eHTalje KOHCTpyUcaTH rpad 3aBUCHOCTH.
3a 0YeKMBATH je Aa ajaT Oy/e 3HaTHO OTIOPHHUjHU Ha A00ap Jleo M3MeHa Koje
IpeBOJMOLIM yHOCE CAMHUM THUM IITO ce Yy rpady 3aZpaBa caMoO CYIUITHHCKU
nopeJilak MHCTPYyKIMja y CKJIaJly ca CTBAPHUM 3aBUCHOCTUMA U3MeDy BUX, IITO He
CMe Jla ce IPOMEHHU y npoliecy npeBohemwa. Mnak, nocroje 1 onTuMusanuje nomnyT
CYICTUTYLH]je jelHE UHCTPYKLHje QYHKIMOHAJIHO eKBUBAaJIEHTHOM U O/IMOTaBama
neTJ/bH, KOje 6U 3axTeBaJjle aanTanujy nocrojehux aaroputrama 3a nopehewe PDG
KaKo O6u ce OTKpuJe CAUYHOCTHU. JloJlaTHA MaHa asiaTa 3acHoBaHUX Ha PDG je u
BpeMeHCKa CJIOKeHOCT KOjy UMajy aJlrOpUTMHU 3a nopeheme rpadosa, noce6HO y
c/y4dajy Kajia ce y TUM rpadoBrMa O4eKyje NojaBa MambUX pas3JivKa Ha Koje Ipolec

nopehewa Tpeba Jja 6yie OTIOpaH.
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2.2.5 AnnaTu 6a3upaHu Ha cOPTBEPCKUM MeTpUKaMa

AnaTu 6a3upaHy Ha MeTpUKaMa NPUKYI/bajy pa3IMuUTe BpeJHOCTH
codpTBEpPCKUX Mepa NpoLelypa U YMecTo JUPEKTHOT opehemwa koja, mopese
BpeJHOCTH MeTpHKa. Y TOKY TOKeHH3alluje U/WIH Tapcupama nporpamMa
M3/1Bajajy ce BpeJHOCTHU Mepa Koje MOory Jia 6yay 6poj inHuja, 6poj mo3uBa
byHK1Mja, 6poj rpaHa y rpady KOHTpoOJIe TOKa, Kao U MHOTe Apyre Mepe. Mepe
MOTY Jia ce IPUKYIJ/bajy Ha HUBOY Pa3/IMUUTHX jeJUHULA, aJIU Cy TO Hajyelrhe
Kj1ace, yHKLHje UaU JesoBU GyHKIH]a. [lo6ujeHe BpeJHOCTH METPUKe ce 3aTUM
nopeie Kako 61 ce yTBPAWJIO ia JIU Cy ynopeheHe jeJUHUIE KOJA 3aUCTa

KJIOHOBH.

Mayrand [49] npefJiaxe padyHawe BPeJHOCTU HEKOJIMKO Mepa HAa HUBOY
byHKIIMOHANHUX jeJUuHUIA TporpaMa. PyHKIIMOHAJIHE jeJUHULE KOje UMajy
CJIMYHe BpeJHOCTU MeTpHKe ce NporJiallaBajy 3a copTBepCcKe KJIOHOBE.
JleTMMUJIHO CIMYHe jeJMHHUILIE Ce He leTeKTyjy. Kako 61 nu3padyyHao BpeJHOCTH
MeTpuKa, npuctyn kopuctu IRL (eHr. Intermediate Representation Language).
MeTpuke cy pauyHaTe Ha OCHOBY Ha3UBa, pacnope/ia, U3pas3a U KOHTpoJIe TOKa
dyHkuyje. 360r payyHawka MeTpUKa Ha HUBOY QYHKIHMje U KOIMpamwa YHyTap Tesa
Te QyHKIMje He MOTy OMTH OTKpHUBeHa. Takobe, konupamwe MawUX JleJ0Ba TeJia
jenHe PyHKIHje y ApyTY Takohe He MOXKe OUTU OTKPUBEHO M3 UCTOT pasJsiora. OBe
MaHe cy BeoMa 030MJbHe y NI0oTJie/ly OTKpUBama KJIOHOBA 063UPOM Jia 10
KONMpama 4ecTo Jl0/1a3u yHyTap GyHKIMja, a pehe untaBux pyHkuuja. CaivyHe
MeTO/le U MeTpUKe ce npexJsaxy Uy Patenaude [50], rae ce riiega 6poj nosusa u3
dyHkuuje, 6poj Hape6u y dyHkuuju, McCabe nukioMaTcKa CJIMYHOCT, Kao U

O6pojeBH NPOMEH/bUBUX.
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/IBa npucTyna 3a OTKpUBamwe cOPTBEPCKUX KJIOHOBA NpeJJlaXke U
Kontogiannis [51] oz kojux je jefaH 6a3upaH Ha COPTBEPCKUM METPUKaAMa, 0K
Jpyry KOPUCTH JUHAMHUYKO IporpamMupame. [Ipuctyn 6asupan Ha MeTpUKaMa
KOpPUCTHU MOJUPHKOBaHe Bep3Hje eT N03HATUX MeTPUKaA Kako 61 ynopeauo
JleJIoBe KoJia orpaHuyeHe ca begin-end. /les10BY KoZia Cy C/IMYHU Y IPEJCTAB/bAjy
KJIOHOBE YKOJIMKO Cy BPeJJHOCTHU cjiefiehux nmeT MeTpuka NpuOJINKHO UCTe: OPOj
no3uBaHUX QYHKIMja, OAHOC O6poja yJIa3HUX U U3JIa3HUX IPOMEH/bUBUX IIpeMa
6pojy no3uBaHux ¢pyHkuuja, McCabe njuksoMaTcka KOMIJIEKCHOCT,
MoaudukoBaHa Albrecht MeTpuka (TexxuHCcKa cyMe 6pojeBa oJijpeheHHUX MojaBa y
koay) u MmoaudrkoBaHa Henry-Kafura meTpuka 3a kBaiuTeT Toka UHPOpMalyja.
[Ipuctyn ¢opmupa AST, 3aTUM pauyHa BpeJTHOCTU METPUKA U IPUAPYKYje UX
oaroapajyhum usopoBuma y ACT. [loTom npaBu TabeJsy ca JejiloBUMa KoJa U
NpUAPYKEHUM MeTpHUKaMa Kojy COpTHpA 10 BpeJHOCTHMa MeTPHUKA U KOjy Ja/be
KOPHUCTH KaKo 61 0/jabpao JiesioBe Ko/ia KOjy ce MOTy ynapuTH. [pyry npuctyn
10J1a34 0] IPETIOCTABKe /la Ce Ce YHyTap KOoJja 4YecTo paJiy Ucellame JieJI0Ba KoZa
Y IpeMelITame Ha Apyry no3uuyjy. Ctora ce ABa Aesa koga usmebhy begin-end
CMaTpajy KJIOHOBHMMa YKOJIMKO je jejlaH Moryhe JOGUTH of, APYror MaJIuM O6pojeM

TpaHcdopMaliyja TUIA yMeTawa, Opucarmba U U3MeHe JINHUje.

CodTBepcke MeTpHUKe Ce KOPUCTE U 32 OTKPUBaHe KJIOHUPAHHUX BED
CTPaHa, Kao U KJIOHUPHUX JleJI0Ba Ha web cTpaHaMa. Je/JaH TakaB MPHUCTYTI
npegsaxe ce y Di Ducca et al. [52]. MeTpuKe ce KOPUCTE U Y IPUCTYIy 3a
[0JIyayTOMaTHU30BaHO OTKPHBakbhe KJIOHUPAaHUX PYHKIMja Y CKpUIITOBUMA [53,

54]. Ha moyeTKy ce ayToMaTU30BaHO 6Hpajy GYHKIHje Koje Mpe/ICTaB/bajy
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NOTeHIMja/IHEe KJIOHOBE, a 3aTUM Ce BU3YEeJIHOM UHCIEKLMjoM YyTBphyje Aa v ce

3aMCTa Pajiv 0 KJIOHOBUMa WJIK He. CIM4aH NPUCTYII IPUMELEH je U Y OBOM pajy.

[IprMeHa asaTa 6a3upaHUX Ha COPTBEPCKUM MeTpHUKaMa 3axTeBa HajMambe
MMIlJIEMEeHTALHjy JIeKCepa, a y HEKUM CJlydyajeBMMa U napcepa 3a 6MHapHHU KoJ,
WJIY BeTroBYy aceMbJiepcKy pelnpeseHTanujy. CBe y 3aBUCHOCTH 0J, METPUKA Koje ce
IPUKYI/bajy, O ajlaTa ce MOXKe 0OYeKHUBATH U Jja cipoBeJie opeheHy aHanusy
KO/la KaKo O6U Mperno3Hao HeKe KOHCTPYKI[Mje MONyT NEeTJ/bH, IITO je Y BUIIUM
IPOTrpaMCKUM je3uLiMa A0CTynHO Beh HaKOH mapcupamwa. AJaTy OBOT THIIA CY
IIOTOZJHU 3a IPUMaHy Ha NocMaTpaHU Npo6JsieM caMUM THUM LITO MMajy MOTyYhHOCT
Jla u360poM ozroeapajyhux MeTpuka 3aHeMape MHOTe IpOMeHe HacTaJje y
npoiiecy npeBohema, a Zja Npu ToMe 3aJpKe HHOopMalije HEONXOAHE 3a
nopehemwe kozaa. Unak, 360r 3aHeMapuBama Aejia UHpopmaluja o ynopehenum
KO/I0BMMa IOCTOjH ONMACHOCT /Jja Ce yrape U [jeJIOBU Ko/ia KOjU He TOTUYY O UCTOT

HN3BOPHOT KOJ4, ITO MOXKe [a MpeaACTaB/bd lbUXO0B 030uJ/baH Heao0CTaTak.

2.3 HapymiaBame JIMI€HIIHUX IpaBa

Hako je Hapy11aBame JUIeHIIHUX TpaBa (eHr. license violation) o6iacT
KOjoM ce 6aBU OBaj paJ, BeoMa Cy peTKHU ajJlaTH U MPUCTYIH Y OBOj 06J1aCTH.
[Ipuctyn koju ce npeasaxe y Hemel et al. [14] kopucTH TpY TEXHUKE KaKo OU ce
6opuo NPOTUB MOTEHLMjaTHUX pa3/inKa u3aMehy Ko/ioBa Koje Tpeba Jja ynopeau.
[IpBa TexHHMKa HajIIpe eBUAEHTHUPA CBe JIMTepa/iHe HU30Be 3HaKOBa KOjH ce
110jaBJbyjy y TPaXKeHOM KO/ly, a IOTOM IOKYIllaBa Jia IpoHabe KUcTe JMTepase y
KO/Zly 3a KOjH Ce CyMmba Jla KLU JIMLIeHIHa [TpaBa. /lpyra TexHUKa [10J1a3U O

npeTnocTaBke /a he aqropuraM 3a KOMIpecHjy rojlaTaka ycrneTH Jja IOCTUTHE
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Behu cTeneH KoMIpecHje NpyU KOMIPUMOBAaKY /iBa KO/Ia 3ajeTHO YKOJIUKO Y TUM
KOJIOBMMa I10CTOje UCTe CEKBEHIle UHCTPYKLHja. Kao Mepa ycnenHocTu ce y3uMa
O/IHOC BeJINUMHE apXMBe Koja caJip>KH /Ba KoJia M 361Mpa BeJIMYMHA apXUBa OJ
KOjHX CBaKa CaZip>KM caMo jeJlaH of AiBa ynopeheHa koza. llITo je ogHOC Mamy,
ouekyje ce fa je Beha cinyHocT usmehy ynopehenux kogosa. Tpeha Texnuka ce
6a3upa Ha pauyHaky OMHAPHUX pas3yuKa (eHr. binary deltas) usmehy koposa. lllTo
je pa3/iMka Mama, TO je Beha BepoBaTHORNa Zja mocMaTpaHU KO/ KPIUH JIMLeHI[Ha

npasa.

Anat BAT (Binary Analysis Tool) 3acHOBaH Ha 0BOM MPHUCTYIy KOPUCTHU Ce
3a OTKpUBame Jja JIU IOCMaTpaHU KO/, KPLIHY JIMLIEHI|Ha [IpaBa HEKOT 0/ KOJ0Ba U3
perno3uTopujyMa. Mako npuctyn npejJjiaxke TpU TEXHUKE, Y OKBUPY ajlaTa
MMIJIEMEeHTHUpPaHa je caMo pBa TexHUKa. Passior ToMe je ITo je anat
NpBeHCTBeHO KopuilheH 3a pabpuuke KoJ0Be yrpaheHe y pyTepe, y OKBUPY KOjUX
ce nojaB/bUBao ofpeheHu 6poj 1MTepaJHUX HU30Ba 3HAKOBA. 3a MoTpebe
nopehemwa y 0BOM pajly 0/, TAKBOT ajiaTa Ce He OYEKYjy pe3y/ATaTH 063UpoM Jia y
HEKHUM 0/] KOZIla0Ba YOIIIlITe HEMA CTPUHT JIMTepaJsia. 3aTo je 3a noTpebe nopehemwa
MMIlJIEMEHTHpPaHA pyra TeEXHUKA Koja 3a OTKpHBakbe CIMYHOCTHU u3Mebhy Ba

KOoJa KOPpHUCTH aJITOPUTAM KOMIIPUMOBaKA IIOAATAKA.

2.4 AHa/1M3a pambUMBOCTH cOpTBEpa

PamuBocT cocl)TBepa MOXe€ Ja UMa BeoOMada BeJIMKe nocjeaune y BUay
BeJIMKUX PUHAHCHjCKUX U MaTepHjaJTHUX I'YOUTAKA KOje 3JI0HAaMePHHU T0jeJUHIN
Y opraHusalyje Mory Jia HaHecy Apyrruma. CTora je aHa/iM3a palbUBOCTH coPTBEpa

(eHr. vulnerability analysis) ox ©u3y3eTHe BaXKHOCTH, TOCEOHO 3a CUCTeME 0/ KOjUX
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3aBUCE JbY/CKHU }KUBOTHU U MaTepHja/iHa U UHAHCHjCKa A00pa. JejaH 00JIMK
aHaJIM3e CIIpOBO/JM Ce KaJia Cy Beh o3HaTe parkbUBOCTH U HEJOCTAalLY je/lHe
Bep3Uje copTBepa U XKeJH ce yTBPAUTH [ja JIU Cy Te PalbUBOCTU eJIMMUHUCAHE Y
HOBOj Bep3HjH. Joll OUTHHje, LIW/b aHAJIM3e€ je U Jla Ce IPOBEPH /ia JIU Cy Ce MOXJAa y
HOBOj Bep3H1jU KO/la M0jaBUJIe HEKE HOBE PalbUBOCTH, LITO Tpeba TPAXKUTH Y
HOBUM U U3MEHEHUM JleJIOBUMA KoZa. Y 11M/by yOp3ara aHa/Iu3e HOBe Bep3uje
Haj6osbe je Hahu cBe pas/ivke u3Melhy crtape ¥ HoBe Bep3Hje, a 3aTUM
aHa/IM3MpaTH caMo HaheHe pasJMKe. JeZlaH TakaB NPUCTYN npe/ioxHuo je Dullien

[16]. [IpucTyn je onucaH y HACTaBKy M UMILJIEMEHTHUPAH je 3a oTpebe nopehema.

[IpucTyn noJsiasu of ABa 6MHAapHA KoJla KOjH ce cacToje o poLeaypa U
NIOKyIllaBa yIIapyUTH NpoLeiype Koje Cy CKOpOo UAeHTHYHe. [IpBU Npesyc/ioB 3a
ynapuBame NpoLueaype je a cy UAeHTUYHe 10 33laTUM KpUTepujyMrUMa (T3B.
cesiekToprMa). Kao cesiekTope NpUCTyN KOPUCTU 6poj 6a3MYHUX 6JI0KOBA, 6pOj
MBUIA y rpady KOHTPOJIe TOKA U 6p0Oj NO3UBaHUX NOTHporpama. Jlpyru npeaycion
3a ynapuBame IpoleJypa jecTe Ja y IOCMaTPaHUM CKYIIOBMMa He [TOCTOjU
HUje/IHa [ipyra npoleaypa Koja je mo KopuiiheHuM KpUTEpPUjyMUMa UJIEHTUYHA
ynopebenuM npoueaypama. Y LiH/by CMambemha PECTPUKTUBHOCTH JIpyror
npeAycjoBay CBUM KOpalMa aJIrOPUTMa ce I0CMaTpajy NOACKYIIOBU Ipoueaypa
u3 ynopeheHux 6uHapHux KoJoBa. [Ipyu dopmupamy npBux ynapemwa noJCKynoBU
ce popMupajy U3ABajarbeM NpolLeAypa Koje 3a/10Bo/baBajy HEKO CBOjcTBO. Heka
CBOjCTBa KOja ce KOPUCTe Cy 6poj y/Ia3HUX U U3J1a3HUX I'PaHa poueaypa y rpady
NI03UBa, UCTH Ha3UBH, pedepeHlie Ka HCTUM CTPUHIOBUMa U OpojeBU
[10jaB/bHBam-a N0je JUHUX UHCTPYKLUHja. Kasa fabe ynapuBame Ha OCHOBY

HaBe/leHUX CBOjCcTaBa HUje Moryhe, HOBU NOACKYNnoBU ce GopMuUpajy o GyHKIM]ja
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KOje ce M03MBajy U3 ynapeHux npoueaypa. Takohe, nogckynosu ce popmupajy u
oJ, yHKIMja KOje M03MBajy ynapeHe ¢pyHKIHUje. [locTynak ce moHaB/ba 3a CBaKe
JiBe yIlapeHe npolLejype CBe 0 TpeHyTKa KaZja HAje Moryhe HapaBUTH Jajbe
ynapuvBamwe. YHyTap ynapeHHUX NpoLeaypa ce pajy Jabe ylapuBambe 0a3U4YHUX

6J10KOBa U UHCTPYKIHja.

2.5 OTKpuBame 3JI0HaMEepHOT KoJa

BeoMa Ba’XKHO MeCTO y JJaHallllbeM payyHapCTBY 3ay3uMMa U 06J1aCT
OTKpUBama 3JI0HaMepHOT KoJia (eHr. malware detection). U3Bopu HacTaHKa
TAKBOT KO/Ia CY pa3HOBPCHU W Hajyelthe MOTUBHUCAHU JIOUIMM HaMepaMa Jia ce ca
padyyHapa KOpUCHHKa A061jy ofpeheHe nHPoOpMaLMje, Kao U Jja ce Taj payyHap
VCKOPHUCTH 3a Jja/be LIMpee 3JI0HaMepHoT koja. CTora je o7 orpoMHOT 3Havaja
6p30 1 MOYy3/]JaHO OTKPUBakb€e 3JI0HAMEPHOT KO/a, T1a je BeJIMKU 6poj payyHapa
onpeMJ/beH HEKUM COPTBEPCKUM CUCTEMOM KOjH CTAJHO Paii HAa OTKPUBAY

3JIOHAMEPHOT KOJid U TAKO LITHUTH pavYyHApP U CBE IIOAATKe KOje KOPpHUCHHUK APXKHU Y

padyyHapy.

3a OTKpHBame 3JI0HAMEPHOT KO/ia KOPUCTE Ce Pa3JIMYUTH NPUCTYIIH.
Hajyenrhe npucTynu KopucTe NOTHHCE MO3HATHUX 3JI0HAMEPHUX KOJJ0BA KaKO O6U
Ipeno3HaJu BbUXOBY [10jaBy YHyTap HEKOT MporpaMa. ¥ moTnucuma ce 4ecTo
KopHucTe U HHOpMaLHje 0 MO3UBAaHUM CUCTEMCKUM [T03MBUMa, ITO oMoryhasa Jja
ce KOPUCHUK yI030pH /1a HEKU cOPTBep UCI0/baBa NOTEHIMjaJIHO MAJHUIIMO3HO
IIOHallake U IIpe Hero IITO je OTKpUBeHa HOBa Bep3Uja 3JI0HaMepHOT KoJa. Unak,
0/l UHTepeca 3a JJOMeH KOjU ce MocMaTpa Cy pelliera Koja ce MpUINKoM nopehema

KO/la He 0CJIakhajy Ha Ha3WBe MPOoLeAypa, Kao HU Ha Ha3UBe CUCTEMCKHUX MO3UBa. Y

39



CKJIaJly C TUM, y HACTaBKY je OMMCAH NPUCTYM KOju npejJiaxe Santos [15].

[loMeHyTH NPUCTYTI je UMILJIEMEHTHPAH 3a NoTpebe nopehema.

[IpucTyn 3a OTKpUBame 3JI0HAMEPHOT KoJia IopeJiu CeKBeHIe
onepalyoOHUX KoZ0Ba. [locMaTpajy ce cekBeHLle QUKCHe Jy>KWHE U y3UMa y 063Up
Jla pa3/IMYMTHU OllepallMOHU KOJOBHU UMA]jy Pa3JIMYUTY peJIeBAHTHOCT IPUIUKOM
nopehema. [Ipuctyn Hajpe yTBphyje pesieBaHTHOCT ONlepallMOHUX KOJJ0Ba TaKO
IITO CIIPOBe/ie aHaJIN3Y BEJIMKOT Opoja 3JI0HAaMePHUX U peryJlapHUX KOJ0Ba KaKo
OU ce 3a CBaKM ONlepaljMOHU KO/J] HALLLJIKM 6pOjeBU M0jaB/bMBakba Y 3JI0HAMEPHOM U
perysiapHoM koay. Kopucrehu HaleHe 6pojeBe nojaB/bHBaba U Mepy y3ajaMHUX
uHopmanyja (eHr. mutual information) ofpe iy ce peJleBaHTHOCT OllepalioOHOr
koza. CMaTpa ce Jja MHCTPYKILUje Koje ce moJje/IHaKo NojaB/byjy y 06a KoJa UMajy
Mamy peJieBaHTHOCT 32 OTKpUBakhe MyTUPAHUX BapUjaHTHU MaJIMLIMO3HOT KO/, Te
UM Ce CTOra NpUJIMKOM nopehema Jjaje Mawby 3Hayaj. Ha Taj HauMH ce o4yekyje
3aHeMapHBame LIyMa KOju HacTaje Mehy MHCTpPYKILMjaMa 10 OCHOBY KOjHX ce
MaJIMLMO3HU U peryJapHU KOJJ0BU He pa3J/iMKyjy OuTHO. HakoH payyHamwa
peJIeBaHTHOCTH OllepaljMOHUX KOJI0Ba, IpebpojaBajy ce U CBe CeKBEHIle
onepalOHUX KOZI0Ba oJjlabpaHe AyXKHUHe YHyTap ynopeheHux npoueaypa u
payyHajy mbuxoBe ¢ppeKkBeHIMje NojaB/bUBama. Tako ce 3a CBaKy npouesypy
dopmupa jesjaH BEKTOP YHje Cy KOMIOHEeHTe GppeKBeHIHje M0jaB/bUBakba
CEeKBEHIIU Koje ce y TOj NpoLeAypH nojaBsbyjy. CBaka o/ KOMIIOHEHaTa BEKTOpa ce
MHO>H IIPOU3BOJIOM PeJIEBAHTHOCTH CBUX OllepallMOHUX KOJ0Ba KOjH Cce
110jaBJ/byjy y IOCMAaTPAaHOj CeKBEHIM KaKo OY ce eJIMMUHMCAO LIyM KOjU YHOCe
vpeJieBaHTHHU KOA0BU. Ha Kpajy ce IpUMEeHOM KOCUHYCHe CJIMYHOCTH Ha BEKTOpe

KOjU omucyjy ynopeheHe npoueaype padyHa CIMYHOCT U3Mehy npoueaypa.
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[Ipuctyn Takohe cyrepuiile a ce KOMOUHYjy pe3y/aTaTH A0OUjeHU 3a BUILE
Pa3JIUYUTHX AYKHUHA OCMAaTPaHUX CEKBEHIIY, IPU Y€MY Cy UCTTpo6aHe caMo

CeKBeHIle JIy>KHMHe jeJlaH U JIBa, Ka0 U ’bMX0Ba KOMOUHAIHja.

OnvcaHy NPUCTYN HUje AUPEKTHO NPUMEH/bUB Ha MP0O6JIEM IOCMATPaH y
OBOM pajy. PasJior je HemocTojame /iBe pa3inuuTe rpyne copTBepa Koje cy
HeoIXo/iHe 3a o/ipehuBame pesieBaHTHOCTH ONlepaliMOHUX KoJioBa. CTora je 3a
noTpebe nopehemwa ca npeAsoKeHUM MPUCTYIIOM UMILJIEMEHTHUPAH ONMHUCAaHU

npucTyn 6e3 oapehuBama pesieBaHTHOCTHU ONepalMOHUX KOL0Ba.

2.6 Komnaknuja koga

KoMnakuuja koza (eHr. code compaction) je 06JiacT Koja ce 6aBu
CMakbHBakbeM BeJIMUUHE KoJa [55, 56]. [IpuMeny je Hal1a y UHAYCTPHjH, Kaja je
pajiv oCcTU3ama YIITeja Ha pauyyH CMakbelba KOJIMYMHE I0TpeGHe MeMopHje
NOTPeOHO CMalkbUTH BeJIMYMHY nporpamMa. CMawbUBame MpocTopa Moryhe je u'y
TOKY IpeBoherma mporpama, aJid UCTO TAaKO U HAKOH 3aBplieHor npeBohemwa. Kaza
ce CMambUBame K0Jla paJii HAKOH 3aBPILEHOT NpeBohemha HEONXO0AHO je OPeJUTH
JleJIoOBe KOJla KaKo OU Cce HAIlJIM UCTH UJIM I0BOJ/bHO CJIMYHU [1eJI0BU KOjU MOTY Jia
ce 3aMeHe CaMo jeIHUM KOZI0OM NMPHUOGJIMIKHO UCTE BeJIMYMHE KAO IITO je BeJIMYUHA
jemHOT O/ MOJIa3HUX KOZ0Ba. MlaKo ce y OKBUPY MPHUCTYIA paau nopehewe Kojja Ha
OMHApHOM HUBOY, nopehewme He MOKe OGUTHU OTIIOPHO HA BeJIMKe pasyuke usmehy
KO/IOBa jep KOMMaKI1ja KoZa Mopa 6uTH 6e3 rybuTtaka. CiMuyaH NpUCTyI
NpUKa3aH je y OKBUpPY ajilaTa 32 OTKpUBake HapyleHOCTH JIMIeHIJHUX NPaBa, Npy

yeMy je kopuiiheHa koMnpecuja nogataka. C 063upom ja he noMeHyTH IPUCTYT
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6uTu kopuiheH 3a noTpebe nopehema ca npe0KeHUM MPUCTYIIOM, KOMMAKLUja

Ko/Zia JlaJbe Hehe 6MTH pa3MaTpaHa 3acebHo.
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3. JebuHunmja npoodsiemMa

HeoBnamheHna ynotpe6a copTBepcke 6UOJIUOTEKE UUjU U3BOPHU KO/ je
jaBHO OCTyNaH U YHja ynoTpeba y KoMmeplidjajHe CBpxe HUje 6ecliaTHa, y
CaBpeMeHOM CBeTy IIpe/iCTaB/ba 030M/baH Npob6sieM. OTKpUBame yrnorpeode
codpTBepcKe 6UOIHMOTEKE MOXKe /1a 6y/le BeoMa KOMILJIEKCAaH Mpo6JieM, mTo he
OUTH NOKa3aHO eBajyalMjoM nocrojehux anara v npuctyna. KoMniekcHOCT 1exu
y YMH€HULM [1a 3HaYajHe U3MeHe Koje IpeBouiall yHece 0/ ajlaTa 3aXTeBajy
bJ1eKCMOUIIHOCT M OTIIOPHOCT Ha BeJIMKe pas/uKe U3Mely KoZi0Ba Koje nopefe,
IITO ca Apyre CTpaHe JOBOJM [JI0 ylIapuBakha pa3/IMYUTHX NpoLeypa. 360r Tora
ce y 0BOM pajly nocMaTpa NoTIpo6JieM KOjU ce OJHOCH Ha yOp3ame NpoHalaXKemha
ynoTpeb/beHUX npoueaypa. Y ckaaZy ¢ TUM, CBU TECTOBU KOjU Ce y paly KOpUCTe
3a/10B0J/baBajy yCJIOB Jia caJip>ke OMHApHU O0OJIMK NpoLeAype KOjH je 00ujeH

npeBohemeM U3BOPHOT KO/ TPaXKeHe MpoLeaype.

[IpeBohemeM u3BOpHOT KoZla HeKke copTBepcke 6UbIMOTEKe Moryhe je
JIOOMTH BeJIMKY O6pOj pasJIMYUTUX, PYHKLIMOHATHO eKBUBAJIEHTHUX 06JIMKa
6uHapHOT KoJja. Pa3ziinke Melhy 6MHapHUM KO 0BUMa MOTY a 6yly pe3y/TaT
pa3JIMYUTOT Ipoleca MpeBohemwa Kao U nocjaeuna npunarohaBamba U3BOPHOT
KoJla 6M6/IMOTEKe Y IM/bY OTK/Iakaka HeJlocTaTaka nocrojeher koja uin

JloJlaBaba HOBUX QYHKLIMOHAMHOCTU. [IpusarohaBameM U3BOPHOT KoJia ce ,06Uja
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HOBHU 0GJIMK KO/Ia KOjU HUje UIeHTUYaH I0CMaTPaHOM OPUTHHATIHOM KOy
copTBepcke 6ubarMoTeke. CTora ce JoBOAU y NUTakE [0 KOje rpaHUlle je Moryhe
MemaTH KO/ a /la ce U3MeHeHa Bep3Uja U Jja/be IoCMaTpa Kao Konuja
OpUT'MHaJIHOT KoJia copTBepcKe 6ubaMoTeKe. UMajyhu y BUly NpeTXoAHO NUTalkbe
Y YMIbeHUILY Jla ce OMOIMOTEKe BeOMa YECTO KOPUCTe Oe3 NMKAaKBUX U3MEHA, OBaj
paz he pazmaTpaTu camo cay4yaj Kajja je mocMaTpaHU OMHAPHU 00JIMK OUOIMOTEKE

,E[O6I/IjeH HPEBOI:)el-beM OPUTYMHAJIHOT U3BOPHOT KOJa 0e3 UKaKBUX U3MeHa.

[IpeBesieHU KO/ je BeOMa YeCTO A0CTYNaH caMo y OUHApPHOM OOJIMKY U3
KOjer Cy OACTpameHHU CBU UJIM CKOPO CBH 3allMCH KOjU OU MOTJIM TIOMOhHM IpH
ylnapuBamy JleJl0Ba KOJja ca U3BOPHUM KOJIOM TpaxkeHe copTBepCcKe 6GUOIHOTEKE.
[Toceb6aH cay4yaj cy HaMeHCKH ypebhaju y Koje je Mo mpaBUJIy yUYMTaH MalUIWUHCKU
KO/1 KOjH Jla/be HUje NOTpe6GHO NpenpaB/baTH y LIU/bY U3BpIIaBaka yYUTAHOT KOJA
Y KOjU He CaJip>Ky HUKaKBe JloZlaTHe UHOpMaluje nonyT Tabesie r106aJlHUX
cuM60J13, TabeJie pesloKaLMja U ApYyrux CTPYKTypa Koje Cy 4eCTO CaCTaBHHU Jie0
M3BPUIHUX Nporpama. Yak u kaja cy oapehene unpopmanuje o Ha3uBMMa
IIPOMEHJ/bUBUX U NIpoLielypa JOCTYIIHE, CACTEMAaTU30BaHOM IDOMEHOM Ha3WBa
Moryhe je IpUKPUTH OYUTJIe[JHE TPAaroBe Koju 61U BOJAU/IA OTKPUBAKY yloTpebde
oubsmoTteke. Ctora he ce y pasly pasMaTpaTH HajKOMIJIEKCHUjU C1y4aj Kaja y
KOJly YOIIIITe He [T0CTOje HUKAaKBe JlolaTHe UHpOopMallyje 0 HAa3UBMMa CUMboJ1a.
Kako ce TakBa cuTyanuja Hajuelihe geniaBa y ciy4ajy HaMeHCKUX ypebaja, 3a
noTpebe eBajyanuje npeasoxXeHor npucryna kopucruhe ce ARM apxurtekTypa

KOja mpe/icTaB/ba OCHOBY BehHe caBpeMeHUX HaMeHCKux ypebaja [57].
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[log npeTnocTaBkoM Jia ce U3 ypehaja Moxxe NpoYMTaTH MAaLIMHCKU KOJ, ¥
U/by OTKpPHBamba yrnoTpede copTBepcKe OUOIMOTEKE HEOMIXOAHO je YIIapUTH
JleJIoBe OMHApHOT KoJla ca U3BOPHUM KOZ0M 6ubmoTeke. 063MpoM Jia cy KOZ0BU
Koje Tpeba yrnopeAuTH AOCTYIIHU Y Pa3/IMYUTUM 0OJIMIMMA U Jla IPAKTUYHO CBU
JIOCTYIIHU aJlaTH 3aXTeBajy ia [ieJIOBU KoJia Koju he ce ynopeautu 6yay y MCTOM
00JIMKY, UpEKTHA NPHMMeHa HeKor o octojehux anara Huje Moryha. Y numy
npuMeHe noctojehnx ajaTa HEONXOAHO je U3BPLUIMTU TpaHCcHOpMaLUjy KOA0Ba
KOjU ce nopeJie y OOJIMK KOjH aJIaT 3aXTeBa, IITO MOXe /a Oy/e jejaH o, 06JIUKa y
KOjuMa Cce HaJla3H je/laH 0/ KOJI0Ba KOju ce mopeJie WU HeKU Tpehu 061K

pa3/IMuUT 0f 06a 06JIMKa Y KOjUMa CYy AOCTYIMHHU KOJOBH.

[IpBa MoryhHoCT je Aa ce TpaHchopMUcCakbeM GUHAPHOT KOJja Y U3BOPHU
oMoryhy nprMeHa ajaTa 3a OTKpUBakbe COPTBEPCKUX KJIOHOBA KOjU opejie
M3BOPHH KO/, LITO Npe/CTaB/ba HAYMH pajia BehrnHe ajaTa y IOMeHYTOj
rpynauuju. TakBa TpaHcpopMalja ce Ha3MBa JeKOMIajIMpabe U NpesCcTaB/ba
BeOMa KOMILJIEKCAH 33/4aTaK YMju pe3yJiTaT paja Huje jequHcTBeH. 063upoM Jja
Ha3UBM CUM060J1a KOpUIIheHU y OpUTMHAIHOM U3BOPHOM KOJly HUCY IIO3HATH Y
npouecy JeKOMIajJIupama, AeKOMIIQjJIMPaHy KOJ NPAKTUYHO He MOXe OUTH
UJleHTUYaH OPUTMHAJIHOM U3BOPHOM KOZY O/ KOjer je J00HjeH AeKOMIajJIMpaHu
6uHapHU Ko/, Kao pe3ysTaT AekoMnajinpama ce J06Hja 06JMK KO/a KOjU je
GYHKIMOHA/JIHO eKBMBAJIEHTAH U KOjU NpeJCTaB/ba CKYNl COPTBEPCKUX KJIOHOBA
OPHUTMHAJHOT U3BOPHOT KoJa. Paziuke mory fa 6yay camo Ha HUBOY Ha3uBa
je3sNUKUX eJleMeHaTa, alk UCTO TaKO MOTY OUTH pe3y/TaT TpaHchopMalLuja Koje je
KOMIIajJiep IpUMEeHHNO TOKOM IpeBohema nporpaMa, Kao 1 OHUX Koje je

JleKOMIIajJiep NPUMEHHO y POLeCy CHHTe3e U3BOPHOT KoJa.
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Jpyra MmoryhHoCT je npeBoherwe U3BOPHOT KoJia 6MOJIN0TEKE Y OUHAPHU
KOJ, U ynoTpeba HEKOT 0/1 ajiaTa Koju pajie nopehemwe 6uHapHor koja. Kaouy
IIPBOM CJIy4ajy, A06HjeHr GUHApHU KO/ 10 IpaBUJIy HUje uJeHTH4YaH (nopesehu
6ajT 1o 6ajT) AesioBUMA OMHAPHOT KO/ia 32 KOjU Ce UCIHUTYje Aa JIU KOPUCTHU
nocMaTpaHy 6ubsmnoTeky. Koa ca kojum ce 6ub6a1M0TeKa MOBE3yje yTUYe Ha aZipecy
Ha Kojy he 6ubaroTeka 6UTH cMellTeHa. Pa3inuuTe ajipece Koje ce Ha
oAroBapajyhum MecTrMa 1nojaBsbyjy Y KOJJOBUMA KOjH Ce opeze 0TeXaBajy
nopehemwe. Unak, cucteMaTCKMM NpelnpaB/batbMMa aJipeca, LITO Mpe/icTaB/ba
NOCTyNaK CJIM4aH NpeMMeHOBawy NPOMEH/bUBUX U NIOTNIporpama, Moryhe je
3Ha4ajHO OJIaKIIaTH Npouec nopehamwa, a y HEKUM CJlydyajeBUM HallpaBUTHU U
NOTIYHO UJeHTHYHE KOoA0Be. MHOr0 036M/bHUj€E pa3JjiMKe YHOCE CAMU KOMIajJiepU
Y QJITOPUTMH KOje KOpUCTe IPUJIMKOM NIpeBohema, Kao ¥ ONITUMHU3allMje Koje ce
0/l KOMIIajJiepa 3axTeBajy NPUJINKOM NpeBohema, Te CTOra HU Ha OBaj HAYMH HUje

Moryhe eTMMHUHUCATH pa3J/IMKe KOje HACTajy y npoliecy npeBohema.

Tpeha moryhHocT je npeBoheme KOJI0Ba Koje je TOTPEOHO YIIOPEAUTH Y
Heku Tpehu 06JIMK, IOTOAHUjU 3a Topehemwe. Jejad TakaB npumep je ACD [13],
KOjH KOJl0Be IIpeBe/ie Ha aceM0Jiep Kao jelaH BH/, HOpMaJiM3alyje KoJa, a 3aTUM
ynopeau fobujeHe aceMbiepcke KoZoBe. CIMYHO TOMe, aslaT NpeJJIoxKeH y Juricic
[58] kopucTH 0Baj IpPUCTYN KaKo O yIOpeArO0 KOJA0BE HallMCaHe Ha pa3/INuMTUM

IIPOrpaMCKUM je3uliuma.

Y npouecy eBajyanyje kopuctuhe ce ajnaTH 0Jf KOjUX CBaKU Ha ysa3sy
OuYeKyje HeKH 00JIMK KO/ia, MOTEeHHja/THO Pa3JIMYUT 0J] 06JIMKa OT0JHUX

OCTaJIMM aJlaTHhuMa. ]e,ELI/IHI/I Ha4HWH Ja ce nopebe}be HN3BeJe jECTe JAa ce
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IpUNpeM/beHU TECTOBU NIpeBe/ly Y 0iroBapajyhu o6JIMK 3a CBaKM 0Jf ajiaTa Koju
he ce kopucTUTH. Y cayyajy asaTa KOju KOPUCTe U3BOPHU KoJ, Kopuctuhe ce
JleKOMIIajJIMpaH 00JIMK ocMaTpaHor nporpama. Mako je TpakeHa nponegypa
JIOCTYIIHA y 00JIMKY U3BOPHOT KOJa, KopucTuhe ce fleKOMIIajJiIMpaHy 00K
npoleAype Koja je MpeTX0/JHO peBeeHa Yy OMHAPHU 00JIMK, YUME Ce CMamyje
HeraTHBaH YTHUIIaj Ipolieca AeKoMIajiupama Ha nopeheme. 3a octase anate 6uhe
KopulIheHU Wiy OMHapHU 00JIMLM IPOrpaMa U TpaXkeHe NpoLeAype U lbUXOBU
eKBUBaJIeHTH KO/la Ha aceMbJiepy J0OMjeHH JucaceMOIMpakheM OMHapHUX

00J1MKa, IITO je cay4aj ca NpeAJI0KEHUM MPUCTYIIOM.

Y nuby y6p3ama OTKpHBama ynoTpebe codTBepCcKe 6UOJIUOTEKE ¥ OBOM
pany he 6UTH npe/JI0KeH HOBU MPUCTYI 3a NPOLEHY CIMYHOCTH MpoLesypa
JIOCTYNIHUX ¥ 6MHapHOM 006/1MKy. OCHOBHA H/l€ja je [a ce y3 yBoherwe HOBUX
copTBEPCKUX MeTPHKA HAMEeWEeHHUX 3a IPUMEHY Ha GMHApPHOM KOAY, IPeJJI0XKU
aJIropuTaM 3a NpoLeHy CIMYHOCTH NpoLeAypa JOCTYNHUX Y OMHAPHOM OGJIHKY.
[IporieHOM CJIMYHOCTH MpoLeype Koja MOTHYe U3 GUOBINOTEKE Ca CBAKOM O/
npouejypa U3 6MHapHOT Ko/ia yop3asio 6U ce OTKpHBakbe yIoTpebe 6UOJINOTEKE

TaKO LITO 6U ce IPBO aHAJU3UpaJie poLeAype Koje Cy HajCIUYHUje TPaXKeHOj

NpoLeaypH.

y CKJlaay Ca OITMCaHUM I'Ip06JIeMOM " OrpaHHU4Ye€mbHrMa, 3a1dTAK OBOT

HCTpaKNBaka je Aa OArOBOPH Ha cne,aeha [MUTama:

1. la 1u fjoAaBawke HOBUX MeTPHUKA JOIPUHOCHU NoBehawy 0/j31Ba
npe/JI0KeHOT IPUCTYNa y OAHOCY Ha YIIOTPeOYy METPUKA Koje Cy MUHCIIMpUCaHe

oAroBapajyhuM MeTpukaMa HaMeHeHUM BUILIUM IPOTPaMCKUM je3unma?
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2. /la v 0;3UB KOjU NOCTHKE MpeJIOKEHHU MPUCTYI 3aBUCH O/

KOMIIajJiepa, HUBOA ONITUMU3aLlMje U KOHTEKCTa y KOjeM je IpeBeJieHa TpaXKkeHa

npoueaypa’?

3. [la i1 npeAJI0’KeHU MPUCTYT MocTHxe Behu 043uB o noctojehux anara?

4. la i1 je nojeJMHAYHUM [Jl0/laBatbeM HOBUX TEXHUKA 3a yOJiaxkaBambe
HeraTUBHUX NocJeAula nopehema Ha OCHOBY NpeAJIOXKeHUX COPTBEPCKUX
MeTpHKa Moryhe no6utu Behu o13UB 0/] 0/13MBa KOjH OCTHKe OCHOBHHU

aJIrOpUTaM NpeJIoKeHor npucTymna?

5. /la v je nojaBamkeM CBUX TEXHUKA 3ajeiHO Moryhe 106UTH

CUHEpPTrUCTUYKU edpekaT ?

6. /la v je y3 ynoTpe0y npejJiokeHUX TexHUKa Moryhe noctuhu Behu
0/13UB 0J], 0/13MBa NOCTOjehrx ajlaTa U MPUCTYIa KOjU cy KopultheHH 3a

ynopebhrBame ca npe/JioKEHUM MPUCTYIIOM.
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4. OKpyxeme 3a eBajlyanujy

Y oBoj ry1aBY je onMcaHoO OKpyXemwe 3a eBasyauujy. Y Cekuuju 4.1 cy
ONMCAaHU TeCTOBU U NOCTYNAK IPUIIpeMe TeCTOBa 3a eBajlyanujy, a y Cekuuju 4.2

Mepe Koje ce KOpUCTe 3a Ol|eHy yclexa yrnopeheHux asata v npucTyna.

4.1 Onuc TeCT NojgaTakKka

EBasyanuja npezJjioeHOr IPUCTYIA, KA0 M KOMIIapaTHBHA aHaJIU3a
nocrtojehux U peKOHCTPYUCAHUX a/1aTa je CIpoBeJleHo KopullhemeM JiBe rpyle
TecT y3opaka. [IpBa rpyna TecT y3opaka ce 6a3upa Ha STAMP TecTHOM OKpyKewy
[59] u npeacTaB/ba CUHTETHUYKE TECTOBE KOjU Ce KOPUCTE 3a MpeJMMUHAPHY
aHa/M3y pe3yJiTaTa IpeJJIoKeHOT pellera, Kao U nopehemwe ca noctojehum u
PEKOHCTpPYMCAaHUM aJlaTUMa. /lpyra rpyna TecT y3opaka ce 6asupa Ha BusyBox
[60] copTBEpCcKOM nakeTy ¥ NpeACcTaB/ba peaiaH cay4aj ynorpebe codpTBepcke

O6ubJIM0TEKe Ha KOjeM ce BepuHKYjy pe3yJITaTU NPeJJIONKEHOT NPUCTYTA.

3a TecT y30pKe y IpBOj 'PyNU KOPUCTE ce npoueaype caeaehux net
nporpaMa u3 STAMP tecTHor okpyxemwa: Bayes, Genome, Intruder, SSCA2 u
Vacation. Y Ta6ena 4.1 je 3a cBaku 01 HaBeJleHUX IporpamMa HaBeJeH 6poj
npouezypa oJ, KOjux ce nporpam cactoju. /la ou npoueaypa 6uia KaHguaat 3a

noTpary, HeoNnxo/(HO je /ja Ta mpoueAypa by/ie leo nporpaMa Koju ce peTpaxyije.
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Ta6es1a 4.1 Bpoj npoueaypa y cBakoM o/, neT KopuirheHux nporpama us STAMP

OKpY>Kema, Kao U 6poj Ae/beHUuX npoueaypa usmehy ceaka jBa nporpama.

Bpoj Bpoj ae/beHux npoueaypa nsmehy nporpama
npoueAaypa Bayes | Genome | Intruder Ssca2 | Vacation
Bayes 280 280 214 213 214 214
Benome 239 214 239 226 226 227
Intruder 257 213 226 257 226 226
Ssca2 245 214 226 226 245 226
Vacation 297 214 227 226 226 297

Jlpyra rpyna TecT y3opaka ce popmupa of, npoueaypa Networking nesna
BusyBox codpTBepckor naketa. lleo naket BusyBox Huje kopuiuheH jep cy
JIOCTYIHE Bep3Uje HEKUX MPeBO/iUjIalla MMaJie OrpaHUYelbe N0 MUTaky BeJUYUHE
M3J1a3HOT nporpama. Pazsior 360r Kojer je kopuiiheH 6ail oBaj eo nakeTa jecte
ynoTtpe6a MatrixSSL 6ubanoTeke[61] koja je u3gaTa noj, ABOCTPYKOM JIMLIEHI[OM,

IITO je ¥ 6MO jeJjlaH 0/ OCHOBHUX MOTHBA OBOT paja.

CBu nporpamu u3 o6a TecTa (IeT U3 NPBOT U jeflaH U3 JIpyror) npeBeieHu
cy ca ciefehux net npeBoauaana 3a ARM apxutektypy: Keil (v4.60.0), IAR
(v6.50.2), CodeSourcery (v4.7.2), CrossWorks (v2.3.0), and SysProgs (v4.6.3).
[IpunnkoM npeBobhema, CBaKM NPOrpaM je npeBejieH CBaKUM 0/ HaBeJJeHUX
KOMIIajJiepa ca HajHW>KUM U HajBULIMM HHBOOM onTUMU3aLuje. [Iporpamu cy
npeBeJieHU U ca ONTUMU3allkjaMa 3a BEJIMYHUHY U OP3UHY Y c/lydyajeBUMa Kaza

peBoAMIIAL TOJpKaBa Te ONTUMHU3aLUje U KaJja ce W3J1a3U peBohema pas/ukyjy
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0/1 OCTaJIMX M3J/1a3a UCTOT NpeBoAuoIa. Kako 61 ce cTekao NpBU yTHCAK O

pasJjinKaMa Koje nmpeBoAuonM yHoce, y Tabesa 4.2 cy npuKasaHe BeJMUYUHE

nporpamay 6ajToBMMa, Kao U 6poj JIMHUja Koje OU ce 1061JIe aKo ce KO/,

JirucaceMbJiMpao, 3a CBaky oJi porpaMa 1 KoMIajJjiepa ca iBe pasJIM4uTe oliuje

npeBohema, 6e3 ontuMuzanyja (00) v ca HajBUIIKMM HUBOOM onTuMuU3anuja (03).

Ta6ena 4.2 BeiuuMHe nporpaMa HakoH npesohema ca cBakKMM 0/, ajiaTa 4 ABa

pas3/in4yMTa HUBOA ONITUMHU3AaLUje, U3paKeHo y 6ajToBMMa M OpOjy JIMHHUja.

bayes genome intruder ssca2 vacation
Ben. JIvH. Ben. JInH. Ben. JInH. Ben. JIvH. Ben. JIvH.
Code 00 | 113308 | 28734 | 98612 | 23362 | 99972 |24051 | 143192 | 36402 | 103732 | 25650
Sourcery | 03 | 83184 | 17772 | 66448 | 12516 | 66812 |12792 | 92444 | 20737 | 70376 |14115
Cross 00 | 49276 | 17609 | 29708 | 10657 | 37180 |13444 | 35948 | 11861 | 38956 |14194
Works 03 | 36172 | 12631 | 22812 | 8179 | 25964 | 9390 | 26716 | 9222 | 27292 | 9931
00 | 15624 | 10005 | 6156 | 4245 | 9600 | 6189 | 10544 | 5904 | 12656 | 7883
1AR
03 | 13436 | 8450 | 5228 | 3618 | 7886 | 5165 | 9216 | 5140 | 10640 | 6720
00 | 31056 | 11517 | 20232 | 7738 | 25896 | 9836 | 31984 | 10659 | 26248 | 9973
Keil
03 | 24596 | 8908 | 16144 | 5914 | 19972 | 7370 | 22372 | 7678 | 20088 | 7415
00 | 123592 | 33492 | 109464 | 28215 | 110664 | 28819 | 156120 | 42226 | 114380 | 30430
SysProgs
03 | 88484 | 20945 | 76240 | 16838 | 76488 | 17046 | 101124 | 25017 | 79156 |18098

la 6u npeBoheme yoniute 6u10 Moryhe, M3BOpHU KOA0BU Mporpama cy

npusarohenu. [IpBu npobJsieM npu npeBohemy je 6UO HeJOCTAaTaK OAroBapjyhux

npoueaypa U3 cTaHAapAHux 6ubaroteka. CTora cy 3a notTpebe npeBobhema

HanpaB/beHe Npa3He UMIlJIEMeHTaldje HefocTajyhux ¢yHKuMja. Jipyru npobJiem
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ce OZJHOCH Ha yNoTpeOy HeCTaHAapHUX je3UYKHUX KOHCTPYKI[Hja, LITO
oHeMoryhaBa npeBohemwe HekuM 0/, KopulnheHUX npeBoguIana. CTora je Koz
npelnpaB/beH TAKO Ja ra je Moryhe npeBecTy CBUM NpeBojuoLuMa. [Ipuinkom
MoAUGHUKOBamka Ko/ia TEXKUIIO Ce 3a/ipXKaBawkby OPUTMHATHUX QYHKIMOHAJIHOCTH
porpama, OCMM y cJydyajeBUMa Kajia 61 TO 3axTeBaJIo yJaramwe HepaluoHaJIHO
BeJIMKOT Tpya. OMUcaHu NPUCTYN MoAMGUKOBaka KO/1a je MPUXBAT/bUB 32
IIOCMaTpaHM paj jep ce npeBeJieHU nporpamu Hehe usBpuaBaTu. HakoH
ONMCaHUX NpHUIarohaBamwa UCTU U3BOPHHU KO/ Ce IPEBO/U Ca CBUM IOMEHYTHUM

IIpeBOJUOLIMMA U ONlLMjaMa.

[IpeBeneHu KopA je moToM aucaceMbsivpad IDA asnaToM Koju npeicTaB/ba
VH/YCTPUjCKHU CTaHAAP/ Y IOMEHY pEBEP3HOT UHXKewepUuHra [62]. Pesysrar je
00JIMK KOJja KOjU MOXe /ia Ce JloBe/Jie Ha yJa3 napcepa eKCllepuMeHTaJHOT ajlaTa
pasBHjeHOr 3a MOTpebe TeCTUpama MPeJIOKeHOT IPUCTYTA. Y3 AucaceMOIMpaHe
npoueaype Cy 3aJip>KaHu U Ha3UBH YKOJIMKO Cy UCTH NOCTOja/Id Y U3BPIIHOM
nporpamy. 3a OHe IpeBOAHOLe KOjU Cy 04 CTpambUBaIu Ha3uBe NpoLeaypa,
Ha3UBHU Cy NPUKYIJbeHU U3 MAP faToTeka Koje NpeBOJUOLU HA 3aXTeB reHepHUlly.
3aZp>kaHy Ha3UBU HUCY KOpULIheHHU HU 3a ToTpebe NpesoKeHOT IPUCTYNa HU
3a noTpebe nocrojehux aysara ¥ npucryna Beh camo 3a notpebe KOHTpoJIe [a JIU je
TeCTUPAHU aJIaT Halllao TpaXKeHy npoueaypy. U3BpiiHU nporpamMu cy
JIEKOMIIajJINpaHy UCTUM aJlaTOM Kako 6u ce omoryhusa ynotpeba nocrtojehux
aJslaTa KOju pajie HaJi U3BOPHUM KoJoM. 063UPOM Jla HEKH a/1aTH 3aXTeBajy
M3BOPHHU KO/, KOjH je Moryhe npeBecTH, a ia TO HUje 6us0 Moryhe yBek,

JleKoMIIaj/IipaHe Bep3Uje cy pyuHo JopabheHe.
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Ha ocHOBy AucaceM6iMpaHUX U AeKOMIajiIMpaHUX Bep3Uja mporpama
dbopMupajy ce TecT y30pLu. Y30pLu ce 6Mpajy Ha cjy4dajaH Ha4uH. Llub je 1a HUBO
noyszaHocTy byge 99%, a fja nHTepBaJ noy3faHocTu 6yze 5%. Y ckiagy ca
TectoM KosiMoropoBa u CMUpHOBa [63], a 64 Ce MOCTUTA0 MOCTAB/bEHH LIUJb,
HEONXO/IHO je Jla TeCT y30paK cajip:ku HajMamwe 1063 nojeguHaydHa Tecta. 360T
aJITOPUTMa KOjH je kopulllheH 3a popMUpame TECT CKyNa Y KOjeM ce CBaKU TECT
Moxe Hahy noJjjelHaKoO BepOBaTHO, [IM/bHU OPOj TECTOBA je MOCTaB/baH HA HEIlTO

Behy BpegHoCT U y BehuHU ciydajeBa usHocu 1500 TecToBa 10 y30pKYy.

TecToBu Koju cy kKopuinheHH 3a eBaslyaliyjy npeJIoKeHOT IPUCTyIa U
nocrojehyx asaTa ¥ NPUCTyIa cacToje ce 0J, jefiHe MpoLeAype Koja ce TPaXH U
CKyIla npoleAypa U3 6MHapHOTI Iporpama y KojeM ce npoueaypa Tpaxu. [Iporpam
Y3 Kojer ce 6upa TpakeHa Mpoleypa U MporpaM y KojeM ce OHa TpaXku 6Upajy ce
HAaCyMHYHO, IIPU YeMy Ce MOXe [IeCUTH Jja Ce UCTH ITporpaM usabepe oba nyra.
[Iporpam ce uaeHTHUKYyje HA3MBOM Npob6IEMA YUjU USBOPHHU KO/ je IPeBe/IEH,
Kao Y Ha3MBKMa NIPEBO/IMOLIA U OMIlYje NpeBoArOoLa KOPUITNeHUM NPUTUKOM
npeBohewa. BuHapHU 06/IMK TpaXkeHe NpoLeaype ce 6Upa U3 jeJHOT OJ
oflabpaHux nporpaMa Tako Jia y pyroM nporpamy InocToju npouezypa Koja
IIOTHUYE 0/ U3BOPHOT KO/ZIa TpaXKeHe npolueaype. Y c1y4ajy TecToBa 6a3upaHUX Ha
BusyBox nakeTy Hamehe ce u f01aTHH YCJI0B [ja TpaXKeHa MpoLieypa NOTUYE U3
o6ubsnoTeke. 3a opeheHe TecToBa MOXKe Ce 3aXTeBaTH U Jja 06a u3abpaHa
nporpaMa IoTHU4y OJi UCTOT U3BOPHOT KO/Ia, K0 U Jia Cy IpeBeJleHH UCTUM
IpeBOJHOLIEM U/U/IM UCTUM HUBOOM OINTHMH3allvje KOpulIheHUuX NpeBoAUIaLa,

CBe€ y 3aBHCHOCTH O[] XUIIOTE3¢E KOja ce TeCTHpa.
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[IpenJioxkeHU NpUCTYNl y HEKUM CJlydyajeBUMa 3aXTeBa [10CTOjame
NPeTXO0/HOT 3Hama. 3a Ty HAMeHyY M3 NIpeBe/leHUX Iporpama M3/iBajajy ce y30pLH
ca I1o AiBe NpOU3BOJbHO 0ZabpaHe npoueaype. [Ipouenype ce 6upajy Tako fay
1oJia mapoBa Oy/y npoueaype Koje He IOTHUYY OJf UCTOT U3BOPHUX KOJI0Ba, [IOK Y
IIpeocTaJsloj N0JIOBUHU NTapoBa BaXKW 0OPHYTO. YIIoTpeba 0BaKBUX y30paka ouhe
objalimbeHa NPUIMKOM OIKca KOMIIOHEHaTa Npe//I0KeHOT IPUCTYIIA Koje

3axTeBajy NPEeTXOAHO 3HaeE.

4.2 Mepe ycnexa

OdekuBaHU pe3yJITaT IPUJIUKOM MOTpPAre 3a NpoueAypoM U3 6UbIHOTEKE
YHyTap nocMaTpaHOTI M3BPIIHOT IporpaMa je NpoHaja3ak TayHo jeJjHe npoleaype
3a KOjy je yCTaHOBJbEHO Jla IOTHYe 0Jf U3BOPHOT KO/ia TpaXkeHe NpoLeaype. 3a cBe
ocTaJie MpoLeAype ce oYeKyje a 6y/ie yCTAHOBJ/bEHO Jla He TOTUYY O] U3BOPHOT
KoJla TpakeHe npoueaype. /la 61 ce oueKMBaHU pe3yJ/ITaT L0610 HEONXOAHO je J1a
npouec nopehemwa He 6y/ie 0OCeT/bMB Ha pasJiMKe Koje HAacTajy y npoLecy
npeBobhema, a la Npy ToMe IPUMETH CBe pasyvKe Mehy nponesypama Koje ce
nopeze. /lBa HaBe/jleHa 3axTeBa Cy KOHTPaJAUKTOpHa. CMambemheM 0CET/HUBOCTH Ha
passivke noBehaBa ce BepoBaTHoha /a ce mpoHahe npoueaypa Koja moTUYE 0
M3BOPHOT KOJia TaXKeHe Npole/ype, aJlu UCTO Tako ce noBehaBa ¥ BepoBaTHOha
IOTpeIlHOr 3aK/by4YKa 3a NpoLeAype Koje He TOTUYY 0/ U3BOPHOT KOJla TPaXKeHe
npoueaype. Ca apyre cTpaHe, noBehamweM 0ceT/bUBOCTH Ha pasjuke Mehy
ynopeheHuM npoiie/iypama ymamyje ce 1 MOTyhHOCT NpoHasiaxewa oJrosapajyhe
npoueaype y cjiydajeBUMa KaJia npoliec npeBohema HapaBU BeJIMKY Pa3IMKYy

n3Mebhy ynopeheHux npoueaypa.
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BaxxHOCT NpoHasiacKa TpakeHe NpoueAype yCA0B/baBa NoelIaBabe
0CeT/bUBOCTH aJjlaTa TaKo Jia OyJie OTIopaH U Ha Behe pasiuvke Mehy ynopehenum
KOZ,0BMMa, I1a YaK U 110 LIeHY /ia Ce YJIOXKU MaJio BULlle BpeMeHa Y MaHyeJIHO
nopehemwe nponeaypa. [locneauua je fa ce y mpakcu oJj ajaTa UIakK o4eKyje Jia 3a
jeqHy TpaxkeHy NpoLeAypy BpaTy U Behu 6poj npolieypa 3a Koje CyMmba Jia
NOTHUYY OJf U3BOPHOT KOJia TpaXKeHe MpoLeaype. Y UeaJlHOM CJly4dajy, ajaT 6u 3a
CBaKy TpakeHy IIpoLeAypy BpaTHO 110 jejHy NIpoLeJypy U TO 6all OHY Koja
IIOTHYe O/ UCTe NpoLeAype Y U3BOPHOM KoAy. MehyTum, y peasiHOM ciiy4ajy ce
JlelllaBa /la 32 HeKe Tpa)keHe NpolLeJype yonlTe He Oy/e HaheHa npoueaypa Koja
IOTHUYE OJ] UCTe NpoLeAype y U3BBOPHOM KOAy, OUJIO a anaT He Hahe HUjeHY
Jl0BOJbHO CJIMYHY NpOLeAYypy UM a Mehy CIMYHUM Npole/lypaMa HUjelHa He
IIOTHYe 0Jf U3BOPHOT Ko/Zla TpaxkeHe npoueaype. CTora ofHoc 6poja HaheHUX U
Opoja TpaxxeHUX poueypa npeJcTaB/ba IPBYy Mepy Koja onucyje nocturuyhe
asaTta. OBa Mepa je mo3HaTa Kao 0/13uB (eHTr. recall) v 4ecTo ce padyyHa y
IPpOLEHTHUMA. Y ONIMCAHOM CJIy4ajy, KaZla a/1aT 3a jeJHy TpaKeHy Npoueaypy BpaTu
Behu 6poj cyMBUBHUX NPOLeypa, OA3UB Kao Mepa ycliexa HUje J0BOJbaH jep He
ONMUCYje L0JaTHH HANop KOju eKcIllepT Tpeba Ja yJI0XHU Jja 6u Mehy cyMmbHUBUM
npoueAypaMa NpoHalao 6all oHy Koja IoTHYe 0Jf U3BOPHOT KOJla TpaXKeHe
npolejype Wiv YTBPAHUO Ja TaKBa NpolieJlypa He OCTojyu Mehy oHUMa Koje je
as1aT 03Ha4YMO CYMBUBUM. JIpyra Mepa, Koja HaZonywyje NpBy, IpeAcTaB/ba OL4HOC
Opoja HaheHUX NpoLeypa U YKYNHOT 6poja nperjefaHux npoueypa. Ta Mepa ce
y TeOpUjyu Ha3UBa NPELMU3HOCT (EHT. precision), 4eCTo ce u3pakaBa y NpoLeHTUMa
Y TOBOPH KOjH J1e0 YTPOILIEHOT eKCIIepTCKOT BpeMeHa je ONpaBAaHo YTPOILIeH Ha

nopebheme npoueaypa Koje MOTHUYY O UCTe MpoLelype y U3BOPHOM KoZy. BaxkHo
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je HAaIOMEHYTH U Jja aJlaTy BULIECTPYKO CKpahyjy BpeMe Koje eKCIePT YJ10KH Y
npeTpary, aJly TakaB [10JjaTaK He NIpe/icTaB/ba MepUJIO ycrexa anaTa, Beh camo

3Ha4aj KOju aJlaT UMa NPUJIMKOM MOTpare 3a TpaXKeHOM NPOLeAYPOM.

[Topes onvcaHux Mepa, y IMTEPATYPU ce KOPUCTU U Tako3BaHa F mepa. OBa

Mepa KOMOUHYje 0J31B U IPELU3HOCT V je[iHy jeAMHCTBEHY Mepy npeMa cjiesehoj

dbopmynu:

v (1 + B?) * preciznost * odziv
ﬁ =

B? * preciznost + odziv

Y HaBegeHoj dopmyiu 3 mpefcTaB/ba KoedUIlMjeHT Koju oMoryhaBa
nojellaBame yTULaja Koju Ha F Mepy uMajy 0Z13UB U IpeLiM3HOCT. BpegHOCT OBOT
koeduIMjeHTa MOXe Jja OyAe 6MJIO KOjU HeHeraTUBaH peasiaH 6poj. Bpeanoct
jesiaH Jaje moJjelHAK 3Ha4aj NpeU3HOCTHU U 0A43UBY. BpeaHoctu Behe of jesjan
MCTUYY 0/13UB (3a f—+00 BpegHOCT F Mepe Texxu BpeIHOCTH 0/13MBa), 0K
BPEIHOCTU Matbe 0/ je[laH CTaBJ/bajy aKleHaT Ha npelu3HocTH (3a 3 = 0 BpeAHOCT
F mMepe je ucra kao BpeiHOCT npenusHocTH). Hajuemhe BpegHocTH Koje ce
kopucrte cy 0.5, 1.0 u 2.0. 063upom Aa 0/3UB y OBOM paAy UMa bJsiary npeHoCT,
nopes ctangapaHe F Mepe, ko koje je BpegHocT koepunujenTta 1.0, kopuctuhe ce

v F2 mepa.

Kao ycnex Moxe za ce mocMaTpa c/1y4aj KajJia je caMo HajCIMYHUja
npoueaypa 6all oHa Koja ce Tpaxku. MehyTum, 360r BaXKHOCTH pOHaJacKa
TpakeHe NpoLeAype U CHPeEMHOCTH eKCllepTa Jja YJI0’KH MaJlo BUIlle BpeMeHa U
TPYAa, YCIeX0M ce MOXKe CMaTpaTH U CJy4aj KaJia ce TpaykeHa Npouesypa Hahe

Mehy n HajcIMYHUjUX TPOLEAYPa, TAe je n 6Poj HajCIUYHUjUX NTpolieaypa Koje
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eKCIIepT KeJu Jja aHaau3upa. 360r Tora he cBe Mepe 6UTHU IPHUKa3aHe Y
3aBUCHOCTH 071, 6poja n, koju he ce y HacTaBKy pajZila IOMUKbATH Kao 6poj
oCMaTpaHUX no3uuHyja. [IpuIMkoM padyyHama 031Ba, IPoLeAypa ce payyHa Kao
HabheHa YKOJIMKO je MeDy n HajcIM4YHUjuX npoueaypa. CUTyalyja je HelTo
KOMIIJIMKOBaHHUja y CJIy4ajy padyHama NIpeU3HOCTH. YKOJIMKO je Ipoleaypa
HaheHa Ha no3unuju k, rje je k < n, Taga ce pauyyHa Aa je og k npersieiaHux
npoueaypa npoHaheHa jefHa. Y cynpoTHOM, YKOJIMKO je k > n, Tajia ce payyHa Jia je
n npoueAypa aHaJu3upaHo 6e3 noTpebe, ¥ Aa HUje NpoHaheHa npoueaypa Koja
IIOTHUYe 0/ U3BOPHOT KOJla TpaXkeHe npoueaype. Y ciy4ajy ajaTa KOju He MOTy Ja
COpTHpAjy npoueaype Mo CJIMYHOCTH, Beh caMo 3a BUILIe 0f je/iHe MpoLeaype
KOHCTaTYjy Ja Cy CJIMYHEe ca TPXKEHOM NIPOoLelypOM, IPUIMKOM padyHambha

NPEeLM3HOCTH YBEK Ce payyHa /ia je nperjefaHo n npoueaypa.

[IpunnkoM copTUpama Npouesypa U3 6MHApHOT KOJa ce MOe JJOTOJJUTH
Jla Ipoleaypa Koja IoTH4e 0/ U3BOPHOT KO/ia TpaXkeHe NpoLeAype uMa UCTY
BPEJHOCT Mepe CJIMYHOCTH ca TPAKEHOM MPOLe[ypOM Kao U HEKE JIpyTe
npoleaype Koje cy pa3JiMiuTe oJf TpakeHe nporeype. Heka cy cBe Te npoueaype
aJIrOPUTMOM COpTHpakba paHrupaHe Mo4veB of nosunuje k 1o nosunuje p,
yK/by4dyjyhu obe rpaHune. Y ToM cay4dajy ce oaroapajyha nponeaypa Mmoxxe Hahu
Ha 6UJ10 K0joj mo3unuju o k 1o p ca nojjejHaKOM BepoBaTHOhOM U Ta
BepoBaTHoha usnocu 1/(p-k+1). Kako 6u ce ypauyHao edeKaT npoHasiaKemha
Beher 6poja npoueaypa ca UCTOM cIMYHOIINY IpeMa Tpa)KeHoj NpoLeAypH,
YMeCTO Jia ce payyHa /ia je jefiHa polieiypa HaheHa Ha HeKOj O/ Mo3uLyja y
vHTepBaay [k..p], pauyHa ce Kao Jia je Ha CBakKoj oJ no3uinuja HaheHo 1/(p-k+1)

npoueaypa. Konayas edpekaT onuvcaHor NpucTyma je Aa ce y cy4ajy Kajia ce cBe
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npoleaype ca UCTOM CIMYHOLINY MpeMa TpaXKeHoj MPoLeAypy paHrupajy Mehy
HajCIMYHUjUX N npoleaypa (cay4daj kaja je p < n), pauyHa Jia je HaheHa
npoueaypa. AHaJIOTHO BaXKM U Y CJIy4ajy KaJia Cy CBe IpoleJlype ca UCTOM
cM4HoLNy paHrMpaHe Moc/e HajCIMYHUjUX N IpoleAypa (caydaj kaja je k > n)
Ka/ia ce padyHa /Jla Huje HaheHa TpaxkeHa npoueaypa. Y cay4ajy Kaja ce fjeo
npoleaypa ca UCTOM CIUYHOLNY paHrvpa Mehy HajcIMYHUjUX N, A APYTH 1€0
nocJse (cay4daj kajia je k< n v p > n), padyHa ce Jia je HaheHo (n-k+1)/(p-k+1)
npoueaypa. CIMYHO BaXKU U IPUJIMKOM payyHama NPeLU3HOCTH, C TUM /i ce

payyHa Ja je nperJsiejaHo min(p,n) npoueaypa.

)
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5. EBasiyanuja nocrojehux as1ata v npuctyna

06uM pasJsiMKa Koje NpUJIMKOM NpeBohema HaCcTajy HajooJbe ce MOXKe
vctahu Kpo3 npukKas pesyJiTaTa Koje MOCTHUXKY ajlaTH U3 UCTE U CPOJHUX 00JIACTH.
Y eBasiyaniuju yuecTByjy AOCTYIIHH, Ka0 U PEKOHCTPYUCAHU aJaTH KOjU Cy
ONMCAHU y APYTOj rJ1aBU. AJIaTH Ce TECTUPAjy TeCT y30pKoM 6a3upaHum Ha STAMP
TECTHOM OKpYKekYy. TeCTOBU Cy NPUNPEMJ/bEHHU Y CKJIAJly Ca OMKUCOM AATHUM y

['naBu 4, npu yeMy ce nporpamMu 6Mpajy NOTIYHO MPOHU3BOJbHO.

PesysTaTu TecTHpawa noctojehux asnaTta npukasanu cy Ha Ciauka 5.1. Ca
CJIMKe Ce BHU/IM Jla 32 Mame BPeJJHOCTH Opoja MOCMAaTpPaHUX 03MIIMja HAj60JbH
pe3yartat noctuxe anat ACD. 3a Behu 6poj mocMaTpaHUX no3uLuja y 6sary
npeAHOCT npesia3u anat Moss. Hajpehu o431MB NOCTUTHYT je Kaja ce mocMaTpa
caMo IpBa [o3uLMja U u3Hocu ceera 23%. [lpyrum pednma, nocMarpajyhu camo
IpBY M03ULH]y, 0YeKyje ce Jia ce Hahe Mame 0/ YeTBPTHUHE TPAXKEHUX NPoLeAypa.
[ToBehamweM 6poja no3uIyja Koje ce mocMaTpajy pacTe U oA3UB. MehyTum, yak u
IIPUJIMKOM NOCMaTpama NpBux 19 nosunyja, Hajsehu o43uB je Hewto Behu oz
50%. [Ipumehyje ce u fa npeocTtasa TpH asaTa Beh HaKOH peslaTUBHO MaJIoT 6poja
nocMaTpaHUX MO3UIHja yia3e y 3acuheme U ja/be noBehaBamwe 6poja mo3uiuja 3a

BbHUX HEMA CMHCJIA.
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1123|456 |7|8|910|11|12|13|14|15|16|17| 18|19

——SimCad |21 (31|34 (36(37/39|39 (40|40 |40 |40 |40 |40 |40 |41 |41 |41 |41 |41
——CCFinder| 17 | 24 | 26 | 26 | 27 | 27 | 27 | 27 | 27
—Deckard | 21 | 29|31 |32 32(32(32(32|33|3333(33|33|33|3333(33|33/33
——ACD 23 35|39 (41 |42 |42 |43 |44 |45 |45 (46 |46 |46 | 47 |47 |47 | 48 | 48 | 48
Moss 18 | 26 (29 |33 |35 |37 |40 (42 |44 |45 |47 |48 |49 |51 |52 |53 |54|55 |56

Bpoj nocmatpaHux nosuumja

Cauka 5.1 Oa3uBM nocTojehux asaTa y 3aBUCHOCTH 0/ 6poja mocMaTpaHUX
Nno3unyja. AjlaTv IpUXBaTajy U3BOPHU KO/, J00HjeH AeKoMNajaupamkbeM, 0cCUM Moss

aJIaTa Koju Mo:Ke /ia MPUXBATHU U aceMb6Jiep oApeheHux apxureKkrypa.

Ha Csnuka 5.2 npyKasaH je 0Jj3UB asiaTa Koje je ayTop AucepTalyje
PEKOHCTPYHCAo Ha OCHOBY OMMca AATUX Y oroBapajyhum pagoBuma. U3
IPUJIOXKEHOT ce MpuMehyje fa ce Hajsehr 013UB 3a Masiv 6pOj O3ULIHMja TOCTHXKE
ynotpebom anata BAT, gok Beh 3a 6poj nosunyja Behu ox 11 cutyanuja ce
He3HAaTHO Meka U He3HaTHO Behu o3uB noctuxe ACD. MakcuMasiHa BpeJJHOCT
0/13MBa nocMaTtpajyhu camo npBy no3uLujy usHocu 27%, ITO je BUILE Y OAHOCY
Ha noctojehe anaTe, aau U a/be 0CTaBJ/ba MyHO POCTOPA 32 €EBEHTYAJIHO

no6osbiiame. Tpeba npumeTUTH U Aa je npuctyn ACD kopuitheH y o6a nopehema.
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3a npBo nopeheme je kopuirheH nocrojehu anat Koju Ha yJs1a3y npUxBaTa

HN3BOPHH KOA. 0631/IpOM Aa IIOMEHYTH aJjlaT nopehe}be paau Ha HUBOY 6I/IHapHOI‘

K0/1a, 32 ipyro nopeheme je peKOHCTpyHCcaH airoputaM nopeherwa U JUPEKTHO

npUMeleH Ha nopeheHe 6MHapHe KOJ0Be.

100
90
80
70
—_ 60
X
— /
g 50
m
o /
o 40 //
30 7
;) 4___//—74
° /
0
1/2(3|4|5|6,7|8|9(10|11|12|13|14(15|16|17|18|19
—— ACD-bin 23|34 38|41 |43 45|47 48|49 (50|51 |52|53|54(55|56|56|57|58
——CodeSequence| 2 | 4 | 5| 6| 7 |8 |10|11 /12|13 (14|14 |15 |16 |17 |18 |19 (2020
Dulien 20| 20
— BAT 27 |38 |41 |43 |45 |46 |47 |48 |49 (50|51 |51 |52(53(53|54|54|55|55
Bpoj nocmartpaHux nosuuyuja

Ciauka 5.2 Oa3MBM ajiaTa KOjH NpeACTaB/bajy peKOHCTPYKIMje nocrojehux npucryna

y 3aBUCHOCTH 0/, 6poja mocMaTpaHUX NO3UIMja. AJIaTU IPUXBATAjy GUHAPHM KOJ,

WM BberoBy aceM6iepcKy penpe3eHranmjy. [Ipukasanu ACD asaT npeacraB/ba

pEKOHCTPYKI.lI/Iiy AJITOPUTMA OPUTHHAJIHOT aJ/1aTa, C TUM Jd PEKOHCTPYHUCAHH aJ1aT

Ha yJ/la3y NpuxXBaTa GMHAPHY penpe3eHTalujy nporpama.
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6. IlpeaJoKeHU NPUCTYI U eBaJIyalja

/IBe npoueaype y 6MHapHOM 0GJIMKY KOje Cy pa3JIMYuTUM IpoliecuMa
npeBohema HacTaJjle OJi UCTOT U3BOPHOT KOJla MOTY /la Ce pa3JIMKYyjy 10 Te Mepe Ja
HHU BEeLITO OKO eKCllepTa Ha IIPBH NOrJiefi He MOXKe YTBPAUTH /ia Ce PaJiu O UCTOj
npoueaypu. Jla 61 ce npenosHasa CIMYHOCT HEONIXOJHO je 3aHEMAapUTH pasJjuKe
KOje Ccy MpUJIMKOM NpeBohewa HacTaJsle. [[pyrum peuyrma, HEONXOAHO je
Iperno3HaTH KapaKTepUCTUKe Ko/ia Koje y oipeheHoj Mepu Mory Jia
uJeHTUPUKYjy npoLeypy Y Ha Koje npolec npeBohewma HeMa yTUlaja MU UMa
MaJIu U OrpaHuyYeH yTHLaj. TakBe KapaKTepUCTHKe ce U3/Bajajy Kao BpeJHOCTH
codTBEpPCKUX MeTpUKa ynopeheHUX npoLeaypa U y HacCTaBKy npolieca nopehemwa

pemnpeseHTyjy ynopeheHe npoueaype.

[u/b npeasioxKeHOT NPUCTYIA je Aa NpUIarou nocrojehe u KoOHcTpyuile
HOBe copTBepCKe MeTpHKe ca [JU/beM Jia Ce 3aHeMape pasJ/iMKe HacTajle y Npouecy
npeBobhema, a 1a ce U Aa/be 3aJp>KU JJ0BOJbHO MHOpMalivja Kako 61 BpeHOCTH
copTBEPCKUX MeTPHKaA MOTJIe JOBO/bHO BEPHO pelpe3eHTOBAaTH NIpoLeAype y
npouecy nopehemwa. 3aHeMapuBameM JieJI0Ba KOJZia Ce UIaK J10J1a3u Y CUTyalUjy
[la Ha OCHOBY II0jeIMHAYHUX BPEIHOCTU MeTPUKA U NIOTIYHO pa3JIMYUTe
npoueaype JiM4e jeJlHa Ha ApYyry. 3aTO je HEONXOAHO NpoHahK Ha4YMH Ja ce Ha

OCHOBY BpeJIHOCTH Beher 6poja MeTpUKa JloHecCe 3aK/bydaK O CJIMYHOCTH
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npoueaypa. JeAaH HaYMH KopyUIheH ¥ 0BOM NPHUCTYILY, jeCcTe /ia ce yIoTpe6om
Heke o1 opMyJia Koje IPUCTYI Npe/JiaKe U3payyHa TOTAJHA Mepa CJIMYHOCTH
ynopebeHux npoueaypa, npyu 4yeMy TepMHH "TOTa/IHa" 03Ha4aBa /ia je BpeHOCT
u3pavyyHaTa Ha ocHoBy Beher 6poja copTBepckux MeTpuka. ToTanHa Mepa
CJIMYHOCTH Ce KOPUCTH KaKo 6U ce mpoleype nopehase o Hajcau4dHUje [0
HajMambe CIMYHE U He IPeJICTaB/ba allCOYTHY MePY CIMYHOCTH Ha OCHOBY Koje 61
ce MOYy3/]JaHO MOTJIO 3aK/bYYUTH Ja JIU ynopeheHe npoueaype NoTUYY 0, UCTOT

HN3BOPHOTI KOJA UJIK HE.

[Topen MeTpHKa M OCTyIKa 3a oipehuBarme TOTa/IHe Mepe CIMYHOCTH
IPUCTYI Npejsiaxe yBohemwe 5 foAaTHUX TexHUKaA. TeXHUKe UMajy 3a LUb Ja
yb6J1a>ke HeraTUBHe edeKTe KOjy HACTajy Kao pe3yJiTaT rydbuTka uHpopmaiuja.
Y6naxaBame ce IOCTHXKe NPUKYI/balbeM JJ0JaTHUX UHPOpMalMja Koje HUCY
JIUPeKTHO o6yxBaheHe NpeA0XKeHUM COPTBEPCKUM MeTPUKaMa, Kao U 10JaTHUM

npolecupameM pe3ysTaTa Ha 0CHOBY Beh noctojehnx TexHuUKa.

OcraTak rsz1aBe OpraHMU30BaH je y neT NorJasJba. Y NpBa /iBa NOorJ1aB/ba
JlaTH Cy ONUC U eBaJslyalidja OCHOBHOT NpUcTymna. Y TpeheM norsia/by Cy ONUCaHU
HEKHU 0J] HeJloCcTaTaKa NpeJJIoKeHOT IPUCTYIIa U YBEJIEHO je IeT TeXHUKa
HaMeleHUX 3a noBehamwe 0/131Ba, 10K je y 4eTBPTOM IOrJIaB/by IPpHUKa3aHa
CIIpOBe/ieHa eBaslyalivja NpeAJoXKeHUX IpUcTyna. PesysitaTu eBanyanuje
OCHOBHOT IIPUCTYIA U NIpe/l/I0KEeHUX TeXHUKa UCKopHUIlIheHH Cy fa OU ce y IeToM

IMorJiaB/by AadJIM OATOBOPH HA IOCTAB/b€HA UCTPAXXHWBAYKa MW TAbaA.
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6.1 OCHOBHHY NPUCTYII

OcHOBHM NpUCTYI, 6€3 NpeJoKeHUX TeEXHUKA pUKa3aH je Ha Ciuka 6.1.
AnropuTtaM Ha yJia3y oueKyje jeJHy IpoLeAypy Koja ce Tpaxku (03Ha4YeHy Kao A) u
CKyn npoueypa Meby kojuma ce Tpaxku npoueaypa A. [Ipoueaype y ckyny cy
o3HaueHe ca B, rae i uge ox 1 1o N, a N je 6poj nporeaypa y nocMaTPaHOM CKyIy.
[Ipouenype y ckyny Hajuelihe MOTHYy U3 jeJHOT U3BPILHOT nporpama. TpeHyTHa
Bep3Uja eKClIepUMeHTa/IHOT ajlaTa OuyeKyje Jia Cy U TpaXKeHa Ipoueaypa u
npoueaype U3 cKyna aucacemosmpane. OBaj 3axTeB ce Moxe U3behu
KOHCTPYKIMjOM JOAATHOT Iapcepa U3BPIIHOL IPOrpaM U aHaJIM30M U3BPLIHOT
nporpaMa y LM/by yTBphuBama rpaHuLia NOTIPOrpama, lIToO y MeEPHU Y K0joj TO

paju KopuinheHU anaT NpeJCcTaB/ba PEJATUBHO je/JHOCTABaH 3a/jaTak.

Ha noyeTky npBe ¢ase 3a cBaky oA npoleZypa IPUKYIl/bajy ce BpeLHOCTH
MeTpuka Ci=<c;1,¢;z...,Cim>, TAE je [ 03HaKa Npoueaype 3a KOjy ce MeTpUKe
NPUKYIJBAjy. bpoj MeTpuKa je M 1 lbUX0OBe BpeJHOCTH Cy O3Ha4Y€eHe Kao Cjj, TAe J
O03Ha4yaBa MeTPUKY. BpeHOCT MeTpHKe MOXe Jja OyZie He caMo obu4aH 6poj, Beh u

Beha CTpyKTypa nojaTaka, mto je onvcaHo y Cekuuju 6.1.1.

Y npyrom kopaky npBe ¢ase fo61jeHe BpeJHOCTH MeTpHKa lpoueaype A
ce rope/ie ca BpeJHOCTMMA MeTpPHKa CBaKe 0/ poleaypa B; npuMemwyjyhu
oarosapajyhe komnapatope My (koMnapaTopu cy onucaHu y Ceknuju 6.1.3.).
KomnapaTop npuxBaTa BpeJJHOCTH UCTe MeTpHuKe ynopeheHux npoueaypa A u B
Pe3sysiTaT koMnapaTopa Ha/Ji BpeIHOCTMMa MeTpUKe k npoueaypa A u Bj, je
naplyjasiHa Mepa CIMYHOCTH TUX NPOoLeAypa y CKIaAy ca KopuinheHoM

MeTPUKOM U 03HaueHa je ca PSVygi[k]. CKkyn cBUX napiyjaJHUX Mepa CIMYHOCTH 3a
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npoueaype A v B; 03HaueH je ca PSVy .. Kao pe3yartat Apyror kopaka npBe ¢ase

Jlo0WjeH!U Cy BEeKTOPH NapliujaJHUX Mepa CIMYHOCTHU npoueaype A ca

npoueaypama B;y o3Hanu PSVapi, raei € [1,N].

B4
A BuHapHu
= =
‘ [ucacembnep ‘
1
& 5
A By | Acembrep
Anroputam J 10 ®aza 1
3a cBako A, By, ...,By
napcupaTti u U3ABOJUTUN METPUKE
.~CBN I iL M
ST~ Tl wp | Merpue
3a cBako i U k
npumeHn oarosapajyhu komnapatop My
PSVasilk] = M(CalK], Ceilk])
PSVyp, . ‘ Mapuujanye
P L mepe
PSVag, Jr CINYHOCTH
3acBakoimnk
npumeHn ogabpanu TpaHcopmaTop Ryk
aPSVA,Bi[k] = ka(PSVAB|[k])
aPSVag. TpaHchopmucaxe
aPSVip| L] [ |mepe napuvjante
’ JL CIIMYHOCTH
3a CBakKo i
MpumeHn ogabpaxy dopmyny Fy
PSagi = Fx(@PSVagi)
P,SAxBN ToTtanHe mepe
PSag; CIUYHOCTM
g & [ 4 Pasa 2
(R%) %)
[ailla¥ o

& &
< <

2 l
[a gyl

Cauka 6.1 CTpyKTypa OCHOBHOT JeJia IIpe/JioKeHor npucryna. [Ipsa ¢pa3a pauyHa

[Nl

napuyjajiHe Mepe CJIMYHOCTH, TPAaHCPOpMUIlle UX, U HA OCHOBY TPaHCHOPMHUCAHUX

BpPEeJHOCTH padyyHa TOTAJIHY Mepy CJIMYHOCTH. /Ipyra ¢pa3a u3jBaja n npoueaypa

HAjCJIMYHUjUX TPAXKEHOj poLeAypH.
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Y tpehem kopaky npBe ¢ase Ha CBaKy 0of, J0OHUjeHUX apLHjaJHUX Mepa
CJMYHOCTU PUMemYje ce ojlabpaHu TpaHchopmaTop Ry (TpaHchopmaTopu cy
onucaHu y Cekuuju 6.1.3.). 3a cBaKy napuujajqHy Mepy CIM4YHOCTH MOCTOjU
noce6HO UCTpeHUpaH TpaHcpopMaTop. CBakM oA, TpaHCchOpMaTOpa UCTPEHHPaAH
MeTpPUKOM k Ha yJs1a3y IpUXBaTa aplyjajHy Mepy CIMYHOCTH JiBe IIpoLeaype
¥M3payyHaTy Ha OCHOBY oZiroBapajyhe meTpuke k, o3HaueHy kao PSVy sifk]. Kao
pe3yJsTar ce f06uja npuaaroheHa Mepa napiujajHe CIMYHOCTH IO OCHOBY

MeTpuKe k o3HaueHa Kao aPSVygi[k].

Y 4eTBPTOM, OCJIeilbEM KOpPAKy NpBe ¢pa3e pauyyHa ce TOTaJIHA Mepa
CJIMYHOCTHU. 3a payyHame ce KOpUCTH ofabpaHa ¢popmya Fx (bopmye cy
onucaHe y Cekuuju 6.1.4.) koja ce npuMemyje Ha pujaroheHu BEKTOp
naplujaJHUX Mepa CJIMYHOCTHU ABe npoueaype aPSVa ;. Pesyarart je HU3 Mepa
TOTaJIHe CJIMYHOCTH npoLefype A ca CBakoM oJ npoueaypa Biy o3Hauu PSap;, rae

ce i kpehe y onicery [1..N].

Jpyra ¢asa asropuTMa ce cacTojy O/ U3/iBajamba n npouesypa
HajCIMYHUjUX TPaXKeHoj npoueaypu. BpeaHoct n ce ogpehyje y 3aBUCHOCTH 0/,
pacnoJioKMBOT €KCIIEPTCKOT BpeMeHa U BaXKHOCTHU OTKpUBamwa ynoTpeode
6ubsnoTeke. Mamwe BpeJHOCTH cKpahyjy BpeMe NOoTpe6HO 3a MaHyeJIHO opeheme
npoueaypa, ajlv je U BepoBaTHoha NpoHaJacKa TpaXKeHUX NpoleAypa Mamba
(cmamyije ce 6poj mporeaypa koje he 6uTu npoHahene). [lopehaweM BpeHOCTH
noBehaBa ce v BepoBaTHOha Ja ce Hahe Behu 6poj TpaxkeHUX MpoLeaypa, LTO

3axTeBa BUllle BpeMeHa 3a MaHyeJIHO opeheme 360r Beher 6poja npoueaypa.
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6.1.1 MeTpuke

CodTBepcka MeTpHuKa NpeJicTaB/ba NPebpojUBO CBOjCTBO NPOrpaMCcKOr
KOJIa, ¥ 3a NoTpebe 0BOT pajia NIPUKYIJba Ce HAa HUBOY npoueypa. CBojcTBa
npoueaypa Koja ce npebpojaBajy Mory fja oyZy pas/JM4uTe IojaBe y IporpaMcKoM
KOy IONyT I0jaBe HEKUX UHCTPYKIUja UJIU [1I0jaBe HEKUX ollepaHaja.
[IpebpojaBameM jeiHe OjaBe yHyTap NpoLeaype A00Hja ce CKaJlapHa MeTpUKa
4uja BpeJHOCT MOXe /ia Ce 3alulie y 00JIUKY jeJHOT LieJIOT HeHeraTUBHOT Opoja.
YKosMKoO ce unak npebpojasa Behu 6poj pa3JIMYUTUX I10jaBa UCTOT THUIIA, TaJa ce
Jlobuja BEKTOpCKa MeTpUKa. BeKTopcka MeTpuKa ce penpe3eHTyje CKynoM
ypebeHux napoBa, rie ce cBaku nap cacToju oJi 03HaKe IojaBe U bpoja

[0jaB/bMBama Te Iojase.

063upoM fa ce BpeJHOCT MeTpUKe J001ja npebpojaBambeM oJpeheHnx
CBOjCTaBa U 3aHEMapHBabeM OCTA/UX, MOXe ce pehu a MeTpuKa npeJcTaB/ba
ancTpakLujy NpoLeAype, U Ja je Ha Taj HA4UH nopeheme npoueaypa
ancrpaxoBaHo. Llusb ancTpaxoBamwa npouesypa MeTprUKaMa jecTe Jja ce yHyTap
M30CTaBJ/beHUX Jlesi0Ba Hahe mTo Behu 6poj u3meHa, 1a Bapujalyje yciaes
pas3JIMYMTHX Ipoleca IpeBohema 6yAy IITO Makbe y Jiesly polejype Koju ce
npebpojasa, Kao U Jia NpebpojaHe BpeJHOCTH y JJOBOJ/bHOj MEPH MOTY /ia
AudepeHnMpajy nocMaTpaHe npoueaype. 063MpoM Jja cBaka oy MeTpHKa CaMo
npeb6pojaBa MojaBe, NOTNYHO 3aHeMapyjyhy ceMaHTUKY porpaMa, IpakKTU4YHO HU
jelHa MeTpHKa He 33/10B0/bAaBA CBA TPU LiM/ba. HU 3a jeJHy METPHUKY ce YaK He
Moe pehu HHU Jja 3a/10BoJ/baBa y NOTIYHOCTH OMJIO KOjU OJ] TPY HaBeJeHa LIU/ba.

YmMecTo Tora, cBaka o4 MEeTPHUKaAa TEeXHU IMOCTAB/b€HUM LIN/bEBHUMA, A KOMOWHOBame
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MeTpHKa Tpeba Ja y6J1aXKy MocaeIUIe HECABPLIEHOCTH CBAaKe OJ1 MPeJIOKEHUX

MeTpHKa.

Jlpyru pasJior 3alITO je IPaKTUYHO HeMoryhe HalpaBUTH U/ €aTHY
MeTPHUKY jecy U3MeHe Koje TpeBOoJUOLH YHoce. Yak U /ia ce ypaJiy AeTabHa
aHa/M3a aJropuTaMa v oNTHMU3alMja Koje KOpUCTe IPeBOJHOLY, He MOXe Ce
OYeKHBATH Jia ce Hehe NojaBUTH HOBY NpeBojual,. Takohe, He Moxe ce
OYEKHBATH HU Jla HapeJHe Bep3uje nocTojehux npepouiana Hehe NpOMeHUTH
HeKH oJ noctojehux ajroprraMma iy 04aTU HEKU HOBU aJIFCOPUTaM 3a
npeBohemwe U onTUMHU30Bamwe Koja. CTora y oBoM pajy Hehe 6UTH HCLPIIHO
aHa/IM3MPpaHU CBY KOpULIheHU aJIrOPUTMHU, HUTH CBe NT0CTOjehe onTUMU3aLvje
npeBoauana, Beh he 3a cBaky o/ MeTpuKa Kpo3 IpuMepe 6UMTH JjaTa MOTUBAILH]a,

KaO U KpaTaK OCBPT HAa b€HE cnabe Tayke.

MeTpuKe Koje ce npe/Jjia)Ky y OBOM IIPUCTYILY CY [eJIOM UHCIIUpUCaHe
MeTpHUKaMa KOpulIheHUM y BUILUM NIPOTPaMCKUM je3ULMMa, [,0K je APYTHU [e0
MeTpHKa OCMHUIL/bEH HAMEHCKH 33 IPUMeHY HaJi aceMbyiepcKuM KoaoM. OfabpaHe
Cy MeTpHKe Koje Cy jeJHOCTaBHe 3a Mepehe U Ydje UMILJIEMeHTaluje UMajy Maay
BpeMeHCKY c/103keHOocT. CTora cBe npe/jiockeHe MeTpUKe 3aHeMapyjy pefocies
MHCTPYKIIUja, Kao U 3aBUCHOCTHU U3MeDy BbUX, YMMe ce 3aHeMapyjy MHore
IIpOMeHe Koje HacTaHy y npolecy peBohema. Y UCTO BpeMe ce r'ybU M 3Ha4ajHa

KoJIMYMHa UHopMaluja Koje uaeHTUPUKY]y npoLeaype.

[Ipersies npeasoKeHUX MeTPUKa je faT y Tabesa 6.1. MeTpuke cy
KkJ1acudpuKOBaHe IpeMa TUIy BPeJJHOCTH, BPCTH Mepe KOjy KOPUCTe U TUIY TOKa

Ha Koju ce oaHoce. [I[pemMa TuIy BpeZJHOCTH, METPUKA MOXe J1a 6y/ie CKaslapHa WU
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Ta6esa 6.1 [Iperyies npeAJjioKeHUX METPUKA.

Bpoj nHCTpyKUMja

AIN

Bpoj ckokoBa

ABN

bpoj no3uea

ACN

Bpoj net/bun

APN

Bpoj apuUTMeETUUYKNX MHCTPYKLMja

AAN

Bpoj NOrMUYKNX MHCTPYKLUMja

ALN

Bpoj MHCTPYKLMja 3a NpeHoC noaaTaka

ATN

dpekBeHUMja CKOKOBaA

ABF

®peKkBeHLMja No3nBa

ACF

dpekseHUMja NeT/bU

APF

dpeKBeHUMja aPUTMETUYKMX MHCTPYKLM]a

AAF

®peKBeHLMja NOTMYKUX UHCTPYKLUM]jA

ALF

dpekseHUMja MHCTPYKLMjA 32 NPeHOC NoaaTtaka

ATF

Bpojesu nojaB/bMBakba 3a CBAKY MHCTPYKLMjY 3acebHO

EIN

®peKBeHLMje NojaB/bMBakba 3a CBaKy MHCTPYKLUNjY 3acebHo

EIF

BpojeBu AOCKOKa 3a CBaKy oapeauLlHy agpecy 3acebHo

EBN

dpeKBeHLMje [OCKOKa 3a CBAKY OApeauLLHy agpecy 3acebHo

EBF

Bpojesun no3unea 3a cBaky NO3nBaHy NpoLeaypy 3acebHo

ECN

dpekBeHUMje NO31Ba 3a CBaKy NO3MBaHy npoueaypy 3acebHo

ECF
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BeKTOpcKa. [I[peMa BpcTH Mepe MeTpUKa MOXe Jia Oy/ie alcoyTHA UJIH
HOpMaJin30BaHa. [I[pemMa Tuly Toka Ha KOju ce 0JHOCH, MeTpHKa MOXe /ia byie
yCcMepeHa Ka TOKY KOHTpOJIe, TOKY IoJjlaTaka Wiu HUjeJjlaH ofl IpeTX0/iHa /iBa.
[IpefiokeHe MeTpUKe U MOTHUBALMja 3a YBoherme ONnucaHu Cy y HACTaBKy, a Ha

Ciuka 6.2 npuKasaHU Cy NIpUMepU Mepera BPeHOCTH NPeAJI0KeHUX MeTPUKa.

HajjesHocTaBHMja MeTpPHUKa, NOTEK/IA U3 BULIUX IPOrPaMCKUX je3UKa, jecTe
Opojamwe snHUja nporpaMckor koga (AIN y Tabena 6.1). Y KOHTeKCTy OBOT paja
Opoje ce MalIMHCKe Hapebe 0/ KOjUX Ce CacTOoju ocMaTpaHa npoueaypa. lobpa
CTpaHa OBe MeTpHKe je LITO 3a poLeype Koje NOTUYY 0/, UCTOT U3BOPHOT KoJa
Jlaje BUCOK HUBO IaplyjajHe Mepe CJIMYHOCTHU Y CJly4ajeBUMa Kazia ce npoueaype
pasJIMKyjy 360T pa3JIMYMTOT peoce/ia UHCTPYKLHja, OAHOCHO KaJia ce HeKe
MHCTPYKIYje 3aMeHe QyHKIMOHa/IHO eKBUBaJIEeHTHUM MHCTpPYKIMjaMa. OBa
MeTpHKa /laje BUCOK HUBO CJIMYHOCTH U KaJia ce 6poj MHCTPYKIMja peJIaTUBHO
MaJIo IPOMEHH, LITO Ce JelllaBa Y Pa3JIMYUTUM ciaydajeBUMa. [IpumMepu TakBUX
cy4ajeBa Cy yrnoTpeba pasJIMuMTHUX a/lIfOpyUTaMa 3a ajloKalujy pecypca u
reHepucame pa3JIMIUTOr KOJa 3a IPUCTYI MapaMeTpUMa KojHU ce pociehyjy
npoleAypy NpUJINKOM no3uBa. Takohe fo6pa cTpaHa je LITO 3a NpolLeAype Koje
IIOTUYY O/ PA3/IMYUTUX U3BOPHUX KOJ0BA U KOje ce 3Ha4yajHO Pa3JIMKYjy 10
BeJIMYMHMU Jjaje HU3aK HUBO CIMYHOCTH. Jlola cTpaHa 0Be MeTpUKe je IITO 3a
npouejype Koje IOTUYy O, pa3/IMYMTUX U3BOPHUX KOZ0BA U KOje UMajy
NPUOJIMAKHO UCTH OPOj MHCTPYKIMja MOrPELIHO /aje BUCOKY BPeJHOCT
naplujajHe Mepe CJIMYHOCTU. Takobe siola cTpaHa oBe naplyjajaHe Mepe

CMYHOCTHU MOKa3yje ce y cjly4ajeBUMa KaJia npu nopehewy npoueaypa Koje
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int n; push {1lr} push {1lr} push {1lr} push {lr}
void sumProd/() mov rl, 1 mov rl, 1 mov rl, 1 mov rl, 1
{ xor r0, rO, xor r0, r0, rO0 xor r0, r0, rO0 xor r0, r0, rO0
int sum=0; r0 mov r2, 1 mov r2, 1 mov r2, 1
int prod =1; mov r2, 1 loop_0x333: loop: loop_0x321:
for (int i=1; |loop_0x321: add r2, r2, ro0 mul rl, rl, 2 1sl rl, rl, 1
i<=n; i++) mul rl, rl, mul rl, rl, 2 add r2, r2, r0 add r2, r2, r0
{ add r2, r2, bl sub_0x555 bl sub_0x01234 bl sub_0x01234
prod=prod*2; r0 add r0, r0, 1 add r0, r0, 1 add r0, r0, 1
sum=sum + 1i; bl ldr 1dr r3, =var_0x2 1ldr r3,=var_0x2
sub_0x01234 r3,=var_0x4 1dr r3, [r3] 1dr r3, [r3]
foo (sum, prod) ; add r0, r0, 1dr r3, [r3] cmp r0, r3 cmp r0, r3
} 1dr cmp r0, r3 bge endOfLoop blt loop_0x321
} r3,=var_0x2 blt loop_0x333 mul rl, rl, 2 pop {pc}
1ldr r3, [r3] pop {pc} add r2, r2, r0
cmp r0, r3 bl sub_0x01234
blt add r0, 0, 1
loop_0x321 1dr r3, =var_0x2
pop {pc} 1ldr r3, [r3]
cmp r0, r3
blt loop
endOfLoop:
pop {pc}

SAIN 13 13 1 21 0.62 13 1

SABN 1 1 1 2 0.5 1 1

SACN 1 1 1 2 0.5 1 1

SAPN 1 1 1 1 1 1 1

SAAN 4 4 1 8 0.5 4 1

SALN 1 1 1 1 1 1 1

SATN 6 6 1 8 0.75 6 1

SABF 1/13 1/13 1 2/21 0.81 1/13 1

SACF 1/13 1/13 1 2/21 0.81 1/13 1

SAPF 1/13 1/13 1 1/21 0.62 1/13 1

SAAF 4/13 4/13 1 8/21 0.81 4/13 1

SALF 1/13 1/13 1 1/21 0.62 1/13 1

SATF 6/13 6/13 1 8/21 0.83 6/13 1

LEIN {push:1,mov:2, {push:1,mov:2, 1 {push:1,mov:2, 0.70 {push:1,mov:2, 0.81
xor:1,mul:1,add:2, xor:1,mul:1,add:2, | |xor:1,mul:2,add:4, xor:1,Isl:1,add:2,
bl:1,ldr:2,cmp:1, bl:1,ldr:2,cmp:1, bl:2,ldr:4,cmp:2, bl:1,ldr:2,cmp:1,

REIN b:1,pop:1} b:1,pop:1} 1 b:2,pop:1} 0.70 b:1,pop:1} 1
{push:1/13, {push:1/13, {push:1/21, {push:1/13,

LEIF mov:2/13,xor:1/13, | mov:2/13,xor:1/13,| 1 | mov:2/21,xor:1/21, | 0-73 | mov:2/13,x0r:1/13, | 0-81
mul:1/13,add:2/13, |mul:1/13,add:2/13,| | mul:2/21,add:4/21, Isl:1/13,add:2/13,
bl:1/13,Idr:2/13, bl:1/13,Idr:2/13, bl:2/21,ldr:4/21, bl:1/13,Idr:2/13,

REIF cmp:1/13,b:1/13, cmp:1/13,b:1/13, 1 | emp:2/21,b:2/21, | .73 | cmp:1/13,b:1/13, 1
pop:1/13} pop:1/13} pop:1/21} pop:1/13}

REBN {1} {1} 1 2} 0.5 {1} 1

REBF {1/13} {1/13} 1 {2/21} 0.81 {1/13} 1

RECN {1} {1} 1 {2} 0.5 {1} 1

RECF {1/13} {1/13} 1 {2/21} 0.81 {1/13} 1

Cimka 6.2 [IlpuMepu padyyHamkba MeTPHKA U MapIUja/IHUX Mepa CJIMYHOCTH Ha

npyuMepUMa pa3JIUYUTO NpeBeeHe Mpoueaype



NOTHUYY O/ UCTOT U3BOPHOT Koja Aohe no Behe pasiivke y 6pojy HHCTPYKILHja, Kao
IITO je y ONTUMH3aliMjaMa 0/JMOTaBama NeT/be U yrpahruBamwa npoueaypa Ha
MecCTy no3uBa. Mako uMa 1 MaHe, y 3aBUCHOCTH OJf HAQYMHA KOMOWHOBamWba
napuyjaJHUX CIMYHOCTH, 0Ba METPUKA MOXe []Ja YMamU CIMYHOCT NIpoLeAypa Koje
ce [0 BeJIMYUHU 3HA4YajHO pas3/IuKYyjy O, TpaXKeHe YuMe UX [ToMepa Ka Kpajy JIUCTe.
Mnak, Moxe ce JeCUTH [ja UCTO ypaJu U ca mpoueaypaMa Koje IOTU4YY OJf UCTOT
M3BOPHOT KO/a YKOJIMKO je je/iHa o/ ynopeheHUX npoueaypa 3Ha4ajHO U3MerbeHa

y pouecy onTUuMUu3aLyje.

Jlpyra MeTpuKa, Takohe HHCIMpHCaHa MeTPHUKaMa 3a BUILe IporpaMcKe
je3rKe, mpebpojaBa MHCTPYKIHUje CKOKa 3a KOje ce 0OUeKYyje a OCTaHy y
NPUOJIMKHO UCTOM Opojy (ABN y Tabesa 6.1). MalIMHCKe UHCTPYKIHje CKOKa
HACTajy 0/ HapeA0H 32 KOHTPOJIy TOKa IporpaMa 1 ycJoBa KOjU Cce KOPUCTe Y TUM
Hapenbama. HepeTko ce gemaBa Jja ofipeheHe Hapes6e 6yay Apyraduje
npeBe/ieHe, ajlv [la TO He yTUYe Ha 6poj ckokoBa. [I[puMep TakBe Hape/0e AaT je Ha
Civka 6.3. Y faToM IpMMepy 0Ba MeTpPHKa pe3yJITyje Y MAaKCUMaJIHOj [TapLUjaIHOj
CJIMYHOCTH ynopeheHux npoueaypa. Unak, ucra onTuMu3anuja usBeeHa Haj, If
HapeJ00M KO/J| KOje HeloCTaje je/lHa 0/ yCJIOBHUX I'PaHa MOXe Jja pe3yJTyje y
IIpOMemeHOM Opojy CKOKOBA. YKOJIMKO HeloCTaje 610K 1, Taja ce y npuMepy Ha
CJIYIIY Y IPBOM CJIy4ajy MOXKe U30CTaBUTH Hapeaba BAL dalje. AHaioTHO BaXKU U

3a IpyrH cayyaj Kajia je 6J10K 2 MpasaH.

Jpyru npo6sieM KOju MOe Jla HacTaHe je KoJ, apXUTeKTypa Koje

oMmoryhaBajy ycJIOBHO U3BpllIaBakhe UHCTPYKLHja pa3/IMUUTHUX 0/ MHCTPYKLHja 32
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KOHTPOJIy TOKa nporpama. Taja npeBouan uMa MoryhHocT usbopa fia Jiv
Hapeaoy if npeBoAU KOpUCTehH yCI0BHE CKOKOBE WJIM KOPUCTH YCJIOBHO
M3BplIaBakbe HapeZ0H, Kao LITO je IPUKa3aHo y npuMepy Ha Ciuka 6.4. YHyTap
6J10Ka Moxe fa Oyzie caMo jeiHA Hape/0a, aJlu UCTO TaKO MOXe /ia Ce N10jaBH U
Behu 6poj Hape6U. YbJiaxkaBamwe UM YaK NNOTIYHa eJIMMUHAaLMja ONUCaHOT
npo6JsieMa OCTHXKe Ce TaKO LITO Ce YCJIOBHO U3BpIllIaBaHe HHCTPYKIMje 6poje U
Kao MHCTPYKIMje ckoka. CBaka MHCTPYKIIMja ca NIOCTGHUKCOM 3a YCJOBHO
M3BpIlaBakbe K0joj He MPeTX01 HHCTPYKIMja ca UCTUM NOCTPHUKCOM ce payyHa
Kao jelHa MHCTPYKILHUja YCJIOBHOT CKOKa. TaKo je MOCTUTHYTO Ja Ce HU3
MHCTPYKIIMja ca UCTUM NOCTGUKCOM payyHa Kao 6JIOK KOjH ce yCI0BHO IIpecKaye
jeJHOM MHCTPYKIUjoM CKOKa. Moryha je 1 koMOHHaIMja CTaHJapAHUX YCIOBHUX

if (RO=0) ({

// blokl

}else {
// blok2

U3BopHU KoL

[Be BapujaHTe npesohetrba

CMP RO, O CMP RO, O
BNE blok2 2 _ 100 % BEQ blokl
blokl: .. 2 blok2: ..
BAL dalje () BAL dalje
blok2: .. CanyHocT bpoja B0kl :
dalje: .. CKOoKoBa dalje:

Cnuka 6.3 [ipumep pasaunuurtor npeBohema if HapeaoGe. /ipyra MHCTPYKIMja ©UMa
Apyraduvjy ycjaoB o/, KojuMe ce U3BPILIABa, I1a Cy U AeJIOBU KoJa u3 then u else

rpaHa 3aME€HHWJIM MeCTa.
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CKOKOBA U yCJIOBHO M3BPIIaBaHUX MHCTPYKIIHMja, IITO MOXKe J]a TOpeEMETH
Jl06ujeHy BpeJHOCT nocMaTpaHe MeTpuke. Ci1y4aj je AeIMMUYHO pa3pelleH Tako
IITO Ce MHCTPYKILHja YCJOBHOT CKOKa Koja ce 10jaBu y CeKBeHLU MHCTPYKIMja ca
MCTHUM YCJOBHUM CyQUKCOM UIAK payyHa Kao J0JaTHAa MHCTPYKIMja CKOKAa HaKO
¥Ma UCTH CyPUKC.
if (RO=0) {
R1 R2 + R3 + R4;

}else
R1

e~

R2 * R3 * R4;

[se BapujaHTe npesohera

CMP RO, O
BNE blok2 2 CMP RO, O
blokl: ADD R1, R2, R3 5 = 100 % ADDEQ R1, R2, R3
ADD R1, R1, R4 — ADDEQ R1, R1, R4
BAL dalje CnunyHocT 6poja MULLNE R1, R2, R3
blok2: MULL R1 ’ R2 ’ R3 CKOKOBAa MULLNE R1 ’ R1 ’ R4
MULL R1, R1, R4 MOV RO, R1

dalje: MOV RO, R1

Cnuka 6.4 lipumep pasanuuTtor npeBohema if HapeaGe y caydajy ARM apxuTteKrype
KO/] KOje CBe HHCTPYKIHje MOry Jia ce U3BpIIaBajy ycJa0BHO. Ca jieBe CcTpaHe je
NMpHUKa3aH KJacHu4yaH KOJ, ca CKOKOBUMaA, 0K je ca JeCHe CTpaHe NPUKa3aH KoJ, y
KOjeM HeMa CKOKOBa, Beh ce Hapej6e u3 then v else rpaHa U3BpILIaBajy MOJ,

oArosapajyhum ycjioBuma.

Tpeha meTpuka, Takohe nHCIMpUCcaHA MeTPUKaMa HAMEHEHUM BUILIUM

NpOrpaMcCKUM je3UIUMa, pebpojaBa no3uBe notnporpama (ACN y Tabesa 6.1).
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OBa MeTpHKa je OTIIOpPHA HAa BEJIMKU OPOj ONTUMH3ALHja, IONYT OHUX KOje
pas/IMuuTO pacnopehyjy HHCTpyKLMje, Mewajy MHCTPYKIUje eKBUBAJIEHTHUM,
pas/IMYUTHUM pefoCc/eloM payyHajy AeJioBe u3pa3a U CIMYHO. MaHa oBe MeTpUKe
je 1ITO 6pOj MO3MBaA MOXe /la ce MPOMeHH KaJa fohe o yrpahuBama oapeheHnx
npoueAypa Ha MeCcTy I03UBa, Kao U y C/y4ajy Kaja Aohe 0 ofMoTaBamwa NeT/bU U
npepacnopehrBawa UHCTPYKIHja 10 UTepaldjaMa netsbe. Jlo npoMeHe 6poja
II03MBa MOe Jia fiohe M KaJla ce ONTUMU3Yje padyyHamwe UCTOr 10 13pasa,
YKOJIMKO ce y ToJ13pa3y N031Ba HeKa npoueypa. Takobhe, jioma cTpaHa MeTpukKe
je LITO Mpoueaype ca MaJMM OpojeM mo3uBa JAPYrux npoueaypa Huje Mmoryhe
3HaYyajHUje pa3JIMKOBATH jep Ce JellaBa /ja poleaype UMajy UCTU MaJsu 6poj
NI03MBa, LITO Jlaje BUCOKY Mepy naplLMjajHe CIMYHOCTH UaKo yrnopeheHe
npouejype NoTUYy O/ iBa pa3/IMYUTA JieJ1a U3BOPHOT KOJZla U N103UBajy pa3/INuuTe
npoueaype. lllTaBuile, MeTprKa He IpaBU pa3MKy U3Meby npouenaypa koje
BEJIMKY O6pOj MyTa N03UBajy je/IHy MpoLelypy U OHUX KOje MambU 6poj nyTa
N03UBajy BUllle Pa3/IMUUTUX NPOLEAYpa, a KOje Y 30Mpy MMajy UCTU Opoj mo3uBa.
OnucaHe NpeHOCTH Y MaHe CyTrepHIly JJa MeTpUKa y BeJIMKOM Opojy ciy4ajeBa
MO2Ke Jla IOMOTHe TaKo LITO he a cMawkby BpeHOCT NapliyjajHe Mepe CJIMYHOCTH
Meby npoueaypaMa Koje UMajy 3Ha4ajHO pa3/IMUUT OpOoj M03UBa APYTUX
npoLeAypa ¥ Tako UX JUCKPUMHUHHUCATH Yy OJHOCY Ha IpoLieiype ca UCTUM U

CJIMYHUM 6pojeM Mo3uBa.

YeTBpTa MeTpUKa, TaKohe HHCIIMpPHUCAaHA MeTPpUKaMa HaMekheHUM BUILIUM
NpOrpaMcKUM je3UlUMa, npebpojaBa netsbe (APN y Tabesa 6.1). 063upoM Ja
aHaJ/IM3a Ko/ia 3a IoTpebe OTKpHUBaka NeT/bU MOXKe 1a Oy/ie CJI0XKeHa, a 1a je

jenaH ol [U/beBa /la ce METPUKE MPHUKYI/bajy jeJHOCTABHOM 00paZioM TEKCTA ca
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MaJIOM BPEMEHCKOM CJIOXKeHOolIhy, y OBOM MPUCTYNY je KopuliheHa
anpokcuMalyja 6poja neT/bU. YMecTO aHa/M3e K0Jja, CBaKU CKOK 4Hja je
oZpeAyIIHA aJipeca Mama 0/] a/ipece UHCTPYKILMje CKOKa YpadyHar je U Kao jeHa
neTJ/ba. ApoKCcHMal¥ja HYje MOTIYHO KOPEeKTHA YKOJIMKO y po1ecy
OonTHUMM3alyje Aohe 10 TaKBOT pa3MellTawka Ko/ia TaKo Jja ce Ha HeKU 6Jiok Bpaha
yHa3a/l, a/id [la ce HAaKOH M3BpllaBama TOr 6J10Ka He []0J1a31 [0 UHCTPYKIHje 3a
CKOK yHa3a/l. OnurcaHa aHoOMaJivja npuKasaHa je Ha Ciivka 6.5. [Ipuka3aHa
npouezypa je Ha iBa MecTa UMaJjia HapeAoy return. YMecTo fa ce 06a nyTa
reHepulile UCTH KO/, KOjU CJIy>KHU 3a IOBpaTakK U3 MpoleAype, NpeBoJuall je MpBU

IyT reHepHucao KoJ, 0K je 3a APYTY UHCTPYKIUjy U3T€HepHUCcao CKOK YHa3a/,

int £(int a, int b) {

if (a>b) {

return a;
} else {

return b;
}

}
U3BOpHU KOA,
[Be BapujaHTe npeBoherba
PUSH LR PUSH LR
CMP RO, R1 90w CMP RO, R1
BLE else 1— BLE else
POP PC CnnyHocTt 6poja ret: POP PC
else: MOV RO, R1 neT/bu else: MOV RO, R1

POP PC BAL ret

Ciauka 6.5 [IpuMep aHOMaJ/IMje anpOKCMMAaTHUBHOT Npe6pojaBama netT/bu. Mako
U3BOPHHU KOJ He CaJAPKM HUjeJHY MeT/bY, Y AeCHOM NpUuMepy npeBohewa nojaBuo ce

CKOK YHa3aJ, KOjH ce allpOKCMMAaTHBHUM OpoOjamkbeM padyyHa Kao jeHa neT/ba.
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Hako ce ouekyje na 6poj neT/bu OCTaHE UCTH, IOPeJ, aHOMaJIhja Koje MOTy
Jla ce MojaBe ycJie/i anpoOKCMMATHUBHOT NpebpojaBama NeT/bHU, 0Ba METPHUKA He Jjaje
Jlo6pe pe3yJiTaTe y C/1y4ajy HEKOJMKO oNTUMHU3anuja. [[puMepu TakBUx
ONTUMH3alHja Cy Cllajame BUILe NeT/bU Y jeiHY, UJIU pa3/iBajambe NIeT/be y BUIlIe
MamwuX NeT/bU. bpoj neT/bu Moxe Jla ce MPOMEHHU U Yy C/Iy4ajy Kaja aobe g0
yrpabuBama TeJsa nporeaype Ha MeCTy MO3UBAQ, aJlM je Taj C/Iyyaj Make BepoBaTaH
c 0631poM fia ce yrpahuBame Ha MeCcTO I0O3MBa OOMYHO paZi caMo 3a BeoMa MaJie

MOTIpOrpaMe y KOjuMa ce He 110jaBJ/byjy NeTJbe.

[leTa MeTpuKa npebpojaBa apuTMeTHYKe UHCTpYKIUje (AAN y Tabesa 6.1).
MoTuBanyja 3a yBohemwe oBe METpHUKE je MPEeTNOoCTaBKa /1a je 3a payyHakbe u3pasa
noTpebaH UCTH WM CIMYaH 6POj apUTMETUYKHUX ONlepalyja, 0K pefocies
olnepanuja Moxe Jia ce npoMeHU. Mnak, nocroje u gpyre ontuMusanuje, nonyT
eJIMMUHalUje BULIeCTPYKOr payyHawa UCTUX II0AU3pa3a, O4MOTaBamwa MeT/bHy,
Jle/betba U Cllajatba NeT/bH, Kao U yrpahuBama npoueaypa Ha MecTy M031Ba, Koje
MOTy Jla IpoMeHe 6p0j apUTMETHUUYKUX MHCTPYKLHja. Takohe, Moxe ce lecuTH Ja
ce 3a U3BOheme HEKUX apUTMETUYKUX ONlepaldja KOpUCTe HeKe APYre onepariyje
KOje HUCY KaTeroprvcaHe IpBEHCTBEHO Kao apuTMeTU4Ke. KilacuyaH npumep cy
omnepaluje MHOXeHa U JieJberba LieJINX OpojeBa cTeneHOM 6poja 2. MHOXembe
1esIMx 6pojeBa Mpe/iCTaB/beHUX Y PYTOM KOMIIJIEMEHTY Ce€ U3BOIU IOMEPaheM
caJip>kaja 6poja yJieBO 32 OHOJIMKO MeCTa KOJIMKH je eKCIIOHEHT, J0oNucyjyhu Ha
Kpaj HyJle. [lebeme ce paZji aHaJIOTHO, TIOMepameM YeCHO, 0NUCYjyhy 3HaK
6poja. Y ARM apxXuTeKTypH NOCTOjU U MOTYhHOCT Jja ce moMepame U3BeJle HaJ,

jeHUM 0[] ollepaHa/ia y apuTMeTUUYKUM UHCTPYKLMjaMa U HUHCTPYKIMjaMa 3a
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IpeHOoC NoJjaTaka, 1a ce NPUJIKMKOM IpebpojaBama U IoMepama onepaHia TyMmaye

Kao jelHa J0aTHA apUTMEeTUYKa UHCTPYKIHja.

[llecta MeTpHKa je cIMUHA PETXO/HO], a1 3a PA3JIHKY O/ e 6poju
nojaB/bHMBamka UHCTPYKIMja 3a paj ca 6uToBuMa (ALN y Tabena 6.1). Ty cy
yK/by4eHe JIOTUYKe UHCTPYKLHje U UHCTPYKIMje 32 0OMYHO U [UKIUIKO
noMepame noJjataka. bpoje ce u oHe HHCTpyKILMje Koje cy Beh paHHje ypadyHaTe
Kao apuTMeTU4YKe UHCTPYKLUje. MoTUBaLyja 3a ipeaJjiarambe 0Be MeTpUKe U

IeHe MaHe Cy CJIMYHU Kao y CJIy4ajy apuTMeTUYKUX UHCTPYKLHja.

Ceama MeTpHKa 06yxBaTa MHCTPYKIMje 3a npeHoc nogaTtaka (ATN y
Tabena 6.1). MeTpuKa je MHCIIMpPHUCAaHA YHHEHUIIOM /ia Ce oJalY KOjU ce Haslase y
IIpOMeH/bUBUM 00pal)yjy Ha MCTH HA4MH, 11a ce 04eKyje Ja peJlaTUBHA pa3JivKa y
Opojy MHCTpPYKLHja 3a MpeHoc nojJaTaka Hehe 6uTu Besinka. Unak, Moxe ce
JleCUTH Jla HAKOH MU3MeHa Koje IpeBOJAUOL U YHeCy iBe pa3jIMyuTe IpoLeaype
OyAy nporJialieHe CJIMYHUJUM Hero JiBe npoueaype Koje MOTHYY Of, UCTOT
M3BOPHOT KO/Ja, CBE Y 3aBUCHOCTH O/] HAYXHA Ha KOjU IIPEBOJAUOLU KOPUCTE
ayTOMaTCKe IPOMeH/bUBe, TeHepUILY KO/, 3a IPUCTYN JIOKAJIHUM U IJ1I06a/THUM
IIPOMEH/bUBUM, KA0 U JITOPUTAMa KOje KOpPHUCTe 3a aJloKalyjy pecypca 3a
IIpOMeHJbUBeE. |0l jeJHAa aHOMaJIUja IPU Mepewy BPpeJHOCTU OBE METPUKe ce
jaB/ba y ciy4ajy ARM apxuTeKkType 360Tr HHCTPYKIMja 3a Jj0XBaTalkbe U3 MeMopHje
Y CMelITame y MeMopHujy Beher 6poja nojgaraka. Kako 6u ce npesasuliie pasinke
KaJla ce y jeJHOM Mpoliecy peBohewa nojaBy jeHa UHCTPYKIMja 32 BUILIECTPYKHU

NPEHOC, 0K Ce y IpyroM nojaBu Behu 6poj MHCTPYKIMja 3a MojeJUHAaYHU NIPEHOC,
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MHCTPYKIIMja 32 BULIECTPYKHU PEHOC ce 6pOjy OHOJIMKO NMyTa KOJHUKO ce MoAaTaKa

IpPEHOCH.

OcMa MeTpuKka npebpojaBa nojaB/bUBakba 3a CBAKy UHCTPYKIIU]jy Koja ce
nojaBJbyje y mocMaTpanoj npoueaypu (EIN y Tabena 6.1). BpegHocT MeTpuKe ce
IIaMTH y BEKTOpPY KOjHU CaZip>Ku NIapoBe Ha3WBa MHCTPYKILMja U 6pojeBa
[10jaB/bHBam-a. Y BEKTOPY Ce 3a CBAKM MHEMOHHUK NIAMTH KOJIMKO IIyTa Ce I10jaBUO.
[Ipu ToMe ce maMTe caM0O OCHOBHM MHEMOHHUIIY, 6e3 npedukca u cypuka. Kako 6u
ce yosiaxkuo edpekaT CyNCTUTYLHje je/lHE MHCTPYKLUje APyroM, Y CIy4ajy Kajia ce
Haube Ha HeKy MHCTPYKILMjy KOja MOe Jja 3aMeHU HeKy Jpyry UHCTPYKLHjy, Taja
ce padyHa /ia ce 0jaBUJIa U Ta Apyra UHcTpykuuja. [Ipumep npebpojaBama
MHCTpPYKLHUja je aaT Ha Cauka 6.2. [lobpa cTpaHa METPHUKE je LITO je OTIOPHA Ha
ONTUMH3ALUje KOoje paZie IPOCTO NpeMellTake KoJa UK 3aMeHy jeilHe
MHCTPYKIMje eKBUBaJeHTHOM. Takobe, 3a pas/iMKy o/ IPeTXOAHUX MEeTPHUKa, U 32
peJIaTUBHO MaJie IpoLeype 0Ba MeTpHUKa MOXe [jla UMa BeJIMKU OpOj pa3/IMYUuTUX
BpEeJIHOCTH, Na je 3a 0OUEKHUBATHU Ja A06po AudepeHuupa ynopeheHe nponeaype.
Wnak, HeMa rapaHiyje aa ce Hehe fecuTH Jja iBe npoueype Koje 06aB/bajy
HNOTIYHO Pa3/IMYMUTY GYHKIIMOHAJHOCT KOPUCTE UCTE UHCTPYKLMje U [a 110 0BOj
MeTpuLHY O6yAy nporJalleHe NOTNYHO CIMYHUM. Takobhe, mocToje ¥ onTUMU3aLuje
KOje MOry Jija IpoMeHe CKyIl UHCTPYKIMja KOjU ce KOPUCTH, Kao LITO CY

TpaHcpopMalnyje neT/by U yrpahuBame Tesa npoLeAype Ha MecTO NO3UBa.

JleBeTa MeTpuKa 6pojU JOCKOKe Ha NojeArHavHe afpece (EBN y Tabena
6.1). BpegHocT MeTpuKe ce maMTu y HU3y ypeheHux napoBa aZjpeca u 6pojeBa.

CBaku nap caZjp»Ku aZjpecy Ha Kojy ce Jlockaye ¥ 6poj JoCKOKa Ha Ty afipecy.
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MeTpuka je npesioxKeHa Kao alTEpPHATHBA METPULM Koja Opoju yKymnaH 6poj
CKOKOBAQ, C TUM Jla Ce OCUM YKYIHOT 6poja CKOKOBa 3aZip>Ke U loJjlaTHe
nHopMalyje o TUM CKOKOBUMa, IONYT aZpeca AoCKoKa. [IpelHOCTU U MaHe cy
CIMYHe Kao U y cJIy4ajy MeTpUKe Koja 6poju YKynaH 6poj CKOKOBa, C TUM IITO ce
0J1 0Be MeTPHKe O4YeKyje Aia MaJio 60Jbe JUudepeHLMpa NpoLeAype, aJIu UCTO TaKO

Jla Oy/ie Mame OTIIOPHA Ha ONTUMU3aLMje KOHTPOJIHUX CTPYKTYypa.

JleceTa MeTpuKa npebpojaBa Mo3uBe NojelMHaYHUX npoueaypa (ECNy
Tab6ena 6.1). BpegHocT MeTprKa ce maMTH Kao HU3 ypeheHux napoBa agpeca
npoueaypa 1 6pojeBa rnosusa. CBaky nap caZpKu aZpecy jeiHe N0O3UBaHe
npoueaype 1 6poj nosusa Te npoyeaype. OBa MeTpUKa je MHCIMPHCAHA
YHUHEHULIOM [JIa YKOJIMKO Ce ONITUMHU3ALHjOM He YKJIOHHU WUJIY He [J0/ia HEKU Jle0
Ko/Zia, 6poj mo3urBa Mpoleypa ce He Mewa. MeTpuKa HUje OTIIOPHA Ha
yrpabuBame npoueaypa Ha MeCcTy I03UBa jep Ha Taj HAYMH HecTaje 03UB, I1a ce U
Mepa naplyjajHe CIMYHOCTH cMambyje. MeTpuKa Takohe HUje oTIOpHA Ha
ONTHUMM3alHje KOoje Kao pe3yJiTaT [jajy HOBe JieJIoBe KoJia WM of6alyjy nocrojehe

JleJIoBe, ONYT 0/IMOTaBawa NeT/bU U eJIMMUHAIMje MPTBOT KO/Ja.

CBe moMeHyTe MeTpUKe Cy 6a3upaHe Ha allCOJIyTHUM OpojeBUMa
nojaB/bMBama o/iroBapajyhux nojasa. Kao mro je mehy Manama meTpuka
HaBeJleHO, HUje/iHa 0/ TUX MeTpUKa HUje OMJIa OTIIOPHA HA HeKe 0/ OITUMH3aliyja
IONYyT OAMOTaBama neT/bu. Kako 6u ce Ae/lMMUYHO y6/1akH0 edpekaT
peliMKaluje KoJa, y cjlydyajeBUMa KaJa eo KoJia KOjU ce pelyiiiupa npeacTaBba
Behu feo npoueaype, 3a CBaky o/ MeTpPUKa OCUM IIpBe NpeJJjiaxe ce padyHamwe U

HOpMaJIM30BaHe MeTpPUKe. 3a CKaJlapHe MeTpUKe HopMaJiu3aliija ce pajiu
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Jle/beheM BPeITHOCTH HEHOPMaJIM30BaHe MeTPUKe 6pojeM HHCTPYKIIHja
nocMaTpaHe npoieaype. 3a BEKTOPCKe MeTPUKe MOCTYIAK je CIMYaH, C TUM /A je
Opojay y CBUM eJleMeHTHMa BEKTOpa NOTPebHO MO eJUTH 6pojeM HHCTPYKIMja
nocMmartpaHe npoueaype. Ha onvcanu HauuH ce f06Ujajy MeTpUKe IpUKasaHe y

Tabesa 6.1, 4yuju ce akpOHUMU 3aBpIlIaBajy cJ10BOM F.

6.1.2 Komnapartopu

KoMmnapatop je popmysia y K0joj yuecTBYjy BpeJTHOCTU HEKE 0Jf METPUKA
JBe ynopeheHe nponeaype. Kao pesyatart, komnapaTop Aaje jeiHY BpeAHOCT Koja
npejcTaB/ba apLUjaJHy Mepy CIMYHOCTH Y CKJIaJy ca IOCMaTPaHOM METPUKOM.
PesystaT cBakor oz komnaparopa je y oncery [0,1], yume ce omoryhasa fja
napuujajiHe CJIMYHOCTU 10 CBUM MeTpUKaMa Oy/ly paBHOIIpaBHO nocMaTtpase. [Ipu
TOoMe, BpeZHOCT 0 03Ha4aBa MMHMMaJIHy CJIMYHOCT ynopeheHux npoueaypa, 10K
BpeAHOCT 1 03HaYaBa MaKCUMaJIHy CJIMYHOCTHU. 3a nopehemwe cKajlapHUX MeTpUKa
y 0 OBOM pajy ce npejJjiaxe jeJaH KoMIapaTop, a 3a BEKTOPCKe MeTpHUKe ce

npeJJiaxy ABa KoMIapaTopa.

KomnapaTop 3a ckajlapHe MeTpHKe IPUKa3aH je y JeaHakoctu (1).
[lapuujasHa CIMYHOCT IO OBOM KOMIIapaTOPY Ce payyHa TaKo IITO Ce O/ [iBe
npoueaype y3My BpeJJHOCTH CKaJlapHe METPUKE 3a KOjy ce payyHa napuujaaHa
Mepa CIMYHOCTH U IOTOM Maka BpeJHOCT NoJesu BehoM. Y ciay4ajy Aa cy obe
BpeJHOCTH jeiHAKe HYJIM, YCBOjeHO je la BpeHOCT NapLiujajiHe CJIMYHOCTH Oy/ie
0.5. OBa BpeHOCT je u3abpaHa Kako 6U ce nu3berJa cuTyaluja /ia iBe poueaype

Oy/ly mporJiallleHe MOTIYyHO CAMYHUM 3aTO LITO HUjeiHA HEMa oJipeheHy 0COOUHY,
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a la mpu ToMe He Ziohe 10 3HAYajHOT CMambea NocMaTpaHe NapLyjaaHe Mepe

CJIMYHOCTHU.

min (ca, Cg; k)

Msc(Cak CBik) = max (Cax, Cp, k) .
) 1

m = |carl; n = |cgifiu=[U]
o+ min(caxlil, cg,xk[j1)

= max(ca k[jl, cg,k[j1) (2)

u

Mive(Car Caix) =

Zmin(m,n) min (rank(CA,k' ])‘ rank(CBi,k' ]))
j=1 max (rank(CA,k'j): rank(cBilk,j)) (3)

max(m, n)

Mrvc(cA,k: CBi,k) =

Jpyru koMnapaTop, NprMKa3aH y JeIHaKoCTH (2), HaMeHEH je 32 IPUMEHY
HaJi BEKTOPCKUM MeTpHKaMa Koje y ceOM MMajy 03HaKe Koje jeJHO3HAa4YHO
uJeHTHUPUKYjy nojaBe y npoueAypH. To cBojcTBO 3a/j0BO/baBa CaMO OCMa MeTpHKa
KOja npebpojaBa nojaB/bMBamba CBaKe 0/, UHCTPYKIMja Koja ce MojaBJbyje y
npouenypu. [Ipeocrase [Be BeKTOpCKe MeTpUKe HUCY IIOTOJIHE jep ce Kao 0O3HaKe
KopucTe azipece. Pasior ToMe je YMHbeHUIIA 1a UCTH JIe0 KOJa y Ba pas3IM4MTa
npolieca npeBohema Moxe Jia 6y/ie CMellITeH Ha /iBe pa3/IM4UTe aJijpece, Ia agpeca
Ha K0joj je KoJ, CMellITeH He MOXe Jla UleHTUPHKyje nocMaTpaHu Ko, [IpBu kopak
je oapehrBame cKyna pasJIMuYUTUX 03HAKa Koje Ce M0jaBJ/byjy Y BEKTOpUMa
MeTpHUKa ynopehenux nponeaypa. [loTom ce 3a cBaky 03HaKy U3 popMUpaHOr
CKyTa M3padyHa 0lHOC MamerT U Beher 6poja nojaB/brBamba 03HaKe y ynopeheHUM
npoLejypama, a 3aTUM Ce U3padyyHa apuTMeTHU4YKa Cpe/iMHa U3payyHaTHUX OJHOCa.

Tom npusnukoM Huje Moryhe Jie/bere HYJIOM jep ce IoCMAaTpPajy caMo O3HAKe Koje
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Cy ce 1mojaBuJie 6ap jelHOM y 6ap jeZlHOj o/ ynopeheHUX npoueAypa, na Behu 6poj

10jaB/bUBakba UHCTPYKIMje He Moxe 6UuTH 0.

Ta6ena 6.2 Ilpersen PSV eleMeHaTa KOjH ce J,004jajy IpUMEHOM KOMIIapaTopa Ha
npejJoKeHe MeTpHKe (S - KOMIIapaTop 3a CKaJlapHe MeTpHUKe, L - KomnapaTop 3a
BEKTOpPCKe MeTpHKe 3aCHOBaH Ha 03HaKaMa, R - koMnapaTop 3a BeKTOpCKe MeTpHKe

3aCHOBAH Ha PAaHTMPaby BPeJHOCTH).

Msm Mrvm

SAIN, SABN, SACN, SAPN,
LEIN REIN,REBN,RECN
SAAN, SALN, SATN

SABF, SACF, SAPF,
LEIF REIF, REBF, RECF
SAAF, SALF, SATF

Tpehu komMnapaTop je Takohe HaMeHwEeH 3a IPUMEHY HaJl BEKTOPCKUM
MeTpHKaMa ¥ MOXKe ce IPUMEHUTH U y cly4ajeBUMa KaJla O3HaKe He
npeACTaB/bajy jeIMHCTBEHE UeHTUUKATOpe NojaBa. KommapaTop je npuKasaH y
Jennakoctu (3). Kao npBu Kopak nopehemwa, BEKTOpU MeTpUKa ynopeheHux
npoueaypa ce ypehyjy y HepactyheM nopeTky 6pojeBa nojaB/buBama. Y ciefehem
KOpaKy, Ha Kpaj kpaher BeKTopa ce [10/jajy eJleMeHTH ca 6pojeM NojaB/bHBamba
jeAHAKUM HYJIH, IOK Cce y>KUHe ynopeheHux BeKTopa He usjenHaue. [lotom ce
paudyHajy ojHOCH 6pojeBa MojaB/bUBakba KOjU Ce Hajla3e Ha UCTOj MO3ULUjH Y

BEKTOpHMaA U TO TaKO Aa C€ Matba BPpEAHOCT AeJIN BehOM, HAaKOH 4era ce padyHa
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apUTMeTHYKa cpeJluHa U3padyyHaTHX oJHoca. OBakaB KoMmapaTop je Moryhe

IPUMEHHUTH Ha CBe 3 BPCTe BEKTOPCKUX METPHKA.

Kao pesysnTaT npuMeHe koMnapaTopa A006ujajy ce naplujajaHe Mepe
CJIMYHOCTH YMjU aKPOHUMH Cy NpUKa3aHu y Tabesa 6.2. 3a ckaJlapHe MeTpHUKe
aKpOHMM je J06HjeH AoAaBalkeM CJI0BaA S HA TOYeTaK aKpOHMMa MeTpUKe. 3a
BEKTOPCKe MeTpUKe Ha [I0YeTaK aKpOHUMa je J04aTo c/10BO Ly ciy4dajy Kaza ce
KOPHUCTH JpyTyd KOMIIapaTop, [I0K ce AoAaje cjoBo Ry ciay4vajy ynotpebe Tpeher

KOMIapaTopa.

6.1.3 TpancdopmaTopu

BpeaHocTu napuujajiHe Mepe CIMYHOCTH y oZipeheHoj Mepu roBope o
CIMYHOCTU ynopeheHux npoueaypa. AHaJIM30M BpeJJHOCTH NMapLUjaJHUX Mepa
CJIMYHOCTH Ha MMOCEOHOM CKYIy MoJlaTaKa 3a yueke Moryhe je youuTH Jia ce
NPUJIMKOM mopehera npoiieypa Koje IOTUYY 0/ UCTOT U3BOPHOT KO/ia HeKe
BpeJHOCTH jaBJbajy delithe, a Heke pehe. Ha ocHOBY TakBe aHa/iM3e Moryhe je
TpaHcpopMHcaTH BpeJHOCTH NapLUjaJHUX Mepa CJIMYHOCTH KaKo OU ce

BpeJIHOCTUMA Koje ce yelihe nojaBsbyjy Aao Behu 3Hauaj.

TpancpopmaTopu ce 6a3rpajy Ha IPeTXOAHOM 3HaWY Koje ce 100uja U3
eMIHUPHUjCKUX AUCTPUOYLIMja BpeIHOCTH NaplijaJHUX Mepa CJIMYHOCTU
npoueaypa. 3a notpebe AedpuHUcama TpaHchopMaTopa yBoze ce dyHKuUje Pi(x) v
Ni(x). llpBa npejcTaB/ba eMIUPUjCKY JUCTPUOYLHjy BepoBaTHOhe 3a i-TH eJleMeHT
BekTOopa PSV koju oarosapa napy npouejypa Koje NIoTH4y 0/, UCTOT U3BOPHOT
KoJla. AHAJIOTHO BaXXU U 3a Aipyry QYHKIMjy, C TUM Jla IapOBHU NpoLeAypa NOTUYY

ol pa3JINMYUTHX U3BOPHHUX KOJAOBA.
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Y oBOM paay npeJiJioXKeHO je 1mecT TpaHchopMaTopa KojUu Cy IpUKa3aHU
Jennakoctuma (4)-(9). [IpBu TpanchopmaTop, NpUKa3aH y JeaHaKoCTH (4),
NpeJCTaB/ba CJIy4aj KaZa ce napLujajHa Mepa CIMYHOCTH YOIILITe He
TpaHcdopmule, Beh ce Heo6paheHa KOPUCTH y OcTaTKy alroputMma. Jpyru
TpaHcdopMaTop, NIpUKas3aH y JeJHaKOCTH (5), Merwa BpeJHOCT MapliyjajHe Mepe
CJIMYHOCTU BepOBAaTHONOM NojaB/bUBakba Te BpeJHOCTH KO/ IpoLelypa Koje
IOTHYY OJf UCTOT U3BOPHOT Koja. Tpehu TpaHchopMaTop KOpUCTH
eKCIoOHeHLUja/IHy GYHKIMjy IpUKa3aHy y JeaHakocTH (6). PyHk1uja je ogabpaHa
TaKo Ja ce noBehaweM ogHoca pyHk1Hja Pi(x) u Ni(x) noBehaBa 1 BpeIHOCT
byHKIIMje, a/lk TaKo Aa BpeJHOCT TpaHcopMaTopa HUKA/L He npebhe nmpeko jenaH.
CMamemeM 0JlHOCA [10 HYJIe, 10J1a3U Ce J0 MUHUMaJIHe BpeJJHOCTH QYHKIIMje Koja

HN3HOCH HYyJIaA.

YeTBpTH TpaHchoOpMaTOp, IPHUKa3aH y JeAHakocTH (7) padyHa
BepoBaTHONy Jia ce 3a AaTy BpeAHOCT NapLUjaHe Mepe CJIMYHOCTH pay O
npoLeaypama Koje NoTU4y oJ, UCTOT U3BOPHOT KoJa. [leTtu v mectu
TpaHcdopMaTop cy HacTanu Mmogudukanujom 4yeTBpTor. [letu TpanchopmaTop,
IpuKa3aH y JefHakocTH (8), je napaMeTpu30BaH U KOPUCTH napaMeTap T Koju je y
omncery (0,0.5]. OBaj TpaHchopMaToOp Jjaje UCTe BPeJHOCTH Kao YeTBPTHU
TpaHcdopMaTop Y CAy4ajy Kajia je OpurMHaJHa BpeJHOCT MaplujajiHe Mepe
CJIMYHOCTU Maka 0/ BpeJHOCTU napaMmeTpa T uau Beha of BpepHoctu 1-T. Y
CYyIPpOTHOM, Ka/ia je opuruHasHa BpefHocT usmehy T u 1-T, TpaHcdopMaTop
Bpaha BpegHocT 0.5. Ha Taj HauuH ce ojpeheHe BpeJHOCTH KOje HUCY HU JJOBOJbHO

BeJIMKe [1a Cyrepuily BUCOK HUBO CJIMYHOCTH, HU A0OBOJ/bHO MaJie ia Cyrepuiny
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pas3IMUUTOCT QyHKIMja MOCTaB/bajy Ha CPeJUIlby BPEJHOCT U TUME Ce CMambyje

HUXOB YTHIAj HA KaCHUje padyyHamwe TOTaJHe Mepe CJIUYHOCTH.

[llectu TpancopmaTop je BeoMa C/IMYaH ETOM U NIPUKaA3aH je y

Jeanakoctu (9). Op netor TpaHcdopMaTopa ce pasjuKyje o ToMe LITO 3a

BpeJHOCTHU Make oJ; T Bpaha BpeiHOCT HyJIa, 10K 32 BpeAHOCTHU Behe o 1-T Bpaha

BpeAHOCT jeslaH. Ha Taj HauuMH ce MoKyaBa JoJJaTHO YMawkbUTH yTULAj pa3JinKa

KOje HacTajy y npolecy npeBohema, Tako LITO ce 3a Npolieype Koje ce 1o
[I0CMaTpPaHOj MeTPULM PA3JIMKYjy Mawe 0/ 3aZlaTor napaMeTrpa T cMaTpa Ja

npoleaype ca BepoBaTHOhoM 1 Mo mocMaTpaHOj METPULA NOTUYY OJf UCTOT

M3BOPHOT KO/3, [I0K Ce 32 CIMYHOCTHU Koje cy Mame of, T cMaTpa Jja npoleaype

IMOTHUYYy O/ pa3JINIUTOT KOJa.

Rii(x) = x
Ra,(x) = R
_Pix
Ryi(x) = 1—2 N
_ P (x)
Rt = 500+ N

05 T<R,;x)<1-T

Ryi(x) R, x)<T
Rsi(x) = {
R, (x) Ryi(x) >1-T

0 Ry () <T
Rgi(x) =405 T<Ry;ix)<1-T

1 Ryi(x) >1—T

6.1.4 ®opmy.ie

(4)
(5)

(6)
(7)

(8)

(9)

HakoH padyHamwa alanTUpaHuX BpeJHOCTH NapLHjajHe Mepe CAMYHOCTH

JloJ1a3u ce [0 TocJieiber Kopaka npBe ¢ase y KojeM ce payyHajy TOTaJHe Mepe

CJIMYHOCTH ynopeheHux npoueaypa. 3a pauyHame ce KOpucTy popmyJia Koja Ha
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yJa3y MpuxBaTa JiBa BEKTOpA ca aZlallTUPAaHUM BPeJHOCTUMA NapIHjaJIHUX Mepa
CJMYHOCTHU U Kao pe3ysaTaT Bpaha jegan 6poj y oncery [0,1]. @opmyna moxe Aa
oyze 6us10 Koja pyHKIMja Koja mpecauKaBa JoMeH [0,1]" na untepsan [0,1]. Y
OBOM pajly UCIIMTAHO je HEKOJIMKO QYHKIM]ja Yy CBOjCTBY GopMyJia NpeasI0KeHOT

npuUcTymna U Te QyHKIMje cy npuKasaHe JegHakoctuma (10)-(16).

Sc{1,..,|PSVag,|}
f o - ziest,i(Est,Bi[i]) 10)
Fo(x) = ﬂ_s[ Ruci (PSV g, [i1) (11)
Fa(0) = L

Yies Ry PV ) .
Fa() = ]__S[Rk,i@st,Bi i) (13)
Fs(x) = Zwi-Rk,i(Pst,Bi[iD (14)
Fo(x) = H(Rk,i(PSVA,Bi[i]) + W) (15)
F,00 = 77 e—zieswil-Rk,mPst,Bi[iD (16)

[IpBe Tpu popmy.ie, onucane JegHakoctuma (10)-(12), cy apuTMeTHUKa,
reoMeTpHjCcKa U XapMOHHUjcKa cpefiHa. YeTBpTa popmMy.ia je 06M4aH NPOU3BOJ,
aJlanTUPAHUX BPeJHOCTH NapLUjaJIHUX Mepa CIMYHOCTH U IPUKa3aHa je y
Jennakoctu (13). Hapegue Tpu popmyiie, onucaHe jeaHakoctuma (14)-(16), cy
TEXWHCKa CyMa, IPOU3BOJ, U JIOTUCTUYKA QyHKIHU]ja. TexkrHe ce pauyHajy

yrIOTp66OM perpeCruoHe aHa/Jin3e KaKo 61 ce MUHMMM30BaJa FpeuKa Ha
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npyMMepuMa apoBa NpoLeAypa 3a Koje je I03HATO Ja JIM IOTUYY 0Jf UCTOT

HW3BOPHOT KOJ4 WUJIN HeE.

[Topen onucanux popmyJia, Moryhe je npUMEHUTH U TEXHHUKE MALIUHCKOT
yuyemwa U kjaacupukanuje. Y o0BoM pajly Cy UCIMTaHe MalllMHe ca BEKTOpUMa
nojpiuke (eHr. Support Vector Machines - SVM) [64], HauBuu Bajec (eHr. Naive
Bayes - NB)[65] u k Hajosmxux cycena (eHr. k nearest neighbor - k-NN)[66]. CBe
NIOMEHYTe TEXHUKeE 3aXTEeBajy NPETX0/HO 3Hakhe KaKo 60U ce MpUIpeMuie 3a
NpUMEHY Ha OTKpPUBakbe CJINYHUX MPOLEeAYPa, U BPEMEHCKU Cy 3HATHO 3aXTEBHUje
y OZJHOCY Ha npeTxojHe GOopMyJie Koje He 3axTeBajy TpeHUpakbe Ha IPEeTX0HOM

3HaWY.

6.2 EBasiyanija OCHOBHOT NpHUCTyna

Y 0BOj cek1UjU je NprMKa3aHa eBaJiyaliyja IPeTX0AHO MpeJioKeHOT
npucryna. EBanyanuja je cnpoBeieHa y OKpY>XemwYy Koje je OMCaHo y IJ1aBU 4, a
CBe Yy CKJIaZly Ca OTpaHWYemhUMa U [U/beBUMA AaTUM Yy rJ1aBU 3. OCHOBHU L[UJb
eBaJlyalivje je a OATOBOPU Ha pBa TPU UCTPAXKUBAYKA NUTaa I0CTAaB/bEHA Y
rjasu 3. EBasyanyja ce cacToju o 4eTUPU eKClIepUMeHTa KOjU Cy OITMCAHU Y

HapeJHe 4YeTUPU CeKLuje.

6.2.1 Ekcnepumenr 1.1

[[u/b npBOT €KClIepUMeHTa je a OATOBOPU Ha IPBO UCTPAXKUBAYKO
nuTawe. Ha nutame Jja 11 HOBe MeTpUKe JoNprHOCe noBehamwy 0/31MBa
npeAJIoKeHOr NIPUCTYIIA je OATOBOPEHO MepemeM JONPUHOCA KOjU UMajy
HOBOIIpe/iJIoKeHe TexHUKe. Mepeme je ypaheHo NpBO Ha/i KOHTPOJIHOM IPyNoM

KOja je cauMibeHa 0/ KOMOMHaluje caMo oHUX PSV esleMeHTH KOjU OTUYY OJ
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copTBEPCKUX METPHKA HAMEHEHUX BUILIUM IPOrPaMCKUM je3uniiMa (o3Haka HLL

Ha Csiiuka 6.6), a 3aTUM je ypaheHO Mepembe U ca eKClIeEpUMEHTAJHOM I'PYIOM Koja

YKJ/by4yje KoMOuHaluje ca cBUM PSV enemeHTHMa (03Haka ALL Ha Ciinka 6.6).

100
90
80 -
/
. //’
X 50
g 40 //
(]
30 /
20
10
0
1/2/3|4|5|6,7|8|9|10/11/12|13(14|15|16|17|18|19
—ALL|36|51|57|60|63|65|67|69|70|72|73|74|75|76|77(78(78|79|79
—HLL| 25|36 |42 |48 |51 |54 |57 |59 |61 |62 |64 65|67 |68|69|70|71|72|72
Bpoj nocmatpaHuMx nosuuuja

Cauka 6.6 0a3uB KoHQuUrypaunuja PSV eeMeHaTa KOHTPOJIHE M eKCIIEPUMEHTAJ/IHe

rpyne y 3aBUCHOCTH 0/, 6poja nocMaTpaHux nosuumja (HLL - HajBehu oA3uB

MMOCTUTHYT KOH(l)HpraHPIjaMa PSV esieMeHaTa 3aCHOBAHHUX HA METpUKaMa

aJlanTUpaHUM U3 BUIIHUX NPOrPaMCKUX je3uka; ALL - HajBehH 0A3UB NOCTUTHYT

KOH(l)PIpraIlPIiaMa PSV eieMeHaTa 3aCHOBAaHUX Ha 44dlIITUPAHUM U HOBUM

MeTpHUKaMma).

ExcnepumeHT je cnpoBezieH Ha/Z 3300 TecTtoBa. TecToBU Cy onucaHu y

IJIaBU 4 U cacToje ce 0J1 jeiHE MPOLeAYpPe Koja Ce TPaXKH U CKyIa mpoleaypa

jeqHOT GMHApPHOT MporpaMa y KojeM ce Tpaxku ynoTpeba 6ubsauoreke. [Iponenypa
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Y IporpaM y KojeM ce npoleAypa TPaKU Cy IpeBe/leHH He3aBHCHO, U IIPU TOME je
CBaKH NyT KopuiheH Npor3Bo/baH NPeBOUIAL, TPOU3BO/bAH HUBO
ONTHMMU3alMje ¥ TPOU3BOJ/baH KOHTEKCT NpeBohema 3a TpaykeHy NpoLeAypy.
3aTHM Cy CBe Npolieiype AUcaceMO/MpaHe, HAKOH Yera je Tpa)keHa npouesypa
ynopebeHa ca cBakoM oJ mpolieiypa U3 ocMaTpaHOT GUHAPHOT Mporpama.
[Topeheme je paheHo y cBUM KOHUTrypaljaMa 3a KOHTPOJIHY U
eKCllepMMeHTa/IHy TpyIly, HAKOH 4era je u3padyyHaTa CJIMYHOCT ToMohy CBUX

KOMOMHalYja NpeJJoKeHUX TpaHcpopMaTopa U GpopMyia.

O/3uB npeJIoKeHOT NPUCTyINa KopucTehr KOHTPOJIHY U
eKCIepMMeHTaJ/IHy IpyIy NpHUKa3aHH cy Ha CiMka 6.6. OA3UB je NIpUKa3aH y
3aBUCHOCTH 0/, Opoja mocMaTpaHUX MO3MIMja, IPU YeMY ce Taj 6poj kpehe y
oncery [1,19]. llpBeHa JiMHU]ja pe/icTaB/ba pe3y/TaTe Koju cy A0OUjeHHU ca
KOHQUIypanujaMa U3 KOHTPOJIHE TpyIle, 10K [1J1aBa JIMHU]ja [Ipe/icTaB/ba
pesysTaTe fo6ujeHe KOHGUTypalLMjaMa U3 eKCllepuMeHTa/IHe rpy1e. 3a CBaKy
NO03UIMjy NPUKa3aHU Cy pe3yJiTaTU Haj6oJbe KOHUTrypaluje, Haj6ober
TpaHcdopmaTopa U Hajoosbe popMy.ie, 3a CBAKy OJf /iBe rpyne nocebHo. Hajsehu
alncoJIyTHH pacT O/i3MBa je aKO Ce Kao ycllexX IocMaTpa NpoHaJa3ak y IpBe [iBe U
IpBe TPU No3uLyje U Taja usHocu 15%. Unak, Hajsehn peslaTUBHU OpacT O/3MBa
je aKo ce Kao ycrex nocMaTpa poHaJia3aK Ha [IpBOj IO3ULUjU U TaJa je

peJslaTUBHU nopacT oA3uBa 44%.

6.2.2 EkcnepumeHT 1.2
[lu/b gpyror eKCnepyuMeHTa je Aa OATOBOPU Ha APYro UCTPAXKUBAYKO

NMTakbe Koje pa3MaTpa yTulaj IpeBOJHOoLIa, HUBOA ONITUMHU3AallHje U OKPYKekba Y
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KOjeM ce MPeBO/IU TpaXkKeHa NMpoleJypa Ha 0/13UB KOjU MPeJI0KEHU MPUCTYTI
noctwke. Ha nutame ce oZiroBapa Tako IITO Ce MPUIUKOM aKyMyJaluje
pesyJiTaTa paBe ocebHe cyMe M0 CBAaKOM 0/ TPU HaBeJleHa KpuTepujyma. Tako
ce 106Uja 0/13UB KOjU MPeAJI0KEHU IPUCTYT MOCTHXKE Y 3aBUCHOCTHU 0] TOTa KOjH
npeBojuall je KopuiiheH 3a npeBoherwe TpakeHe Mpoleype, KOju HUBO

ONTHUMHU3alYje je KopullheH U y KOjeM OKPYKeY je MpeBeJieHa TpaxkeHa

npoueaypa.

ExcnepumeHT je cnpoBezeH Ha/ 3300 TectoBa. TecToBM cy y ckafy ca
ONMCOM JaTHUM Yy IJIaBU 4 U cacToje ce 0/, jefjHe poLeAiype Koja ce TPaXKU U CKyTa
npoueaypa jeJHOr OMHApHOT Nporpama y KojeM ce TPk yrnoTpeba 6UbIM0TeKe.
[Ipouenypa v nporpam y KojeM ce npoLeAypa Tpaku IpeBeJieH! CYy He3aBUCHO, U
IIpY TOME je CBaKH NyT KopuiheH Npou3BOJ/baH NpeBOJUIaL, IPOU3BO/bAH HUBO
ONTHMMM3alMja ¥ TPOU3BOJ/bAaH KOHTEKCT IpeBohema 3a TpaykeHy NpoLeAypy.
3aTuM cy cBe npouejype AucaceMO/MpaHe, HAKOH 4Yera je TpaXkeHa npoueaypa
ynopebheHa ca cBakoM o/ mpolie/iypa U3 NocMaTpaHOTr GUHAPHOT porpama.
[Topeheme je paheHo y cBUM KOHUTrypaldjaMa, IpyU Y€MY je CAUYHOCT
u3pavyyHaTa noMohy cBUX KOMOMHalMja NpeJoXkeHuX TpaHcpopMaTopa U

dopmyJia. 3a cBaKy NO3UIIHMjy je y3eTa Haj60/ba MOCTUTHYTA BPEHOCT.

Y un/by oAiroBapama Ha NpBO NOTNUTAalke HEONXOHO je UCTIUTATH YTULA]
NpeBO/HOLIA KOjU ce KOPUCTH 3a IpeBoheme TpakeHe NpoLeAype Ha 0J3UB
npeasiodkeHor npuctymna. CTora cy pe3yJiTaTy IPyMUCaHU y MeT TPyma, TaKo Ja
CBaKa rpyrma o/iroBapa jeJlJHoM oJ; KopuinheHux npeBoAu/Iana. Y OKBUPY CBaKe

rpyIie pe3yJTaTH Cy [10Jle/b€HH Y IBe NOArpyIe. Y NPBOj NOATPYIH Cy pe3y/aTaTH
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3a TECTOBE y KOjUMa je OMHApHU NPOTrpaM y KOjeM ce TPaXKu Mpoleaypa npeBeeH
IIPOM3BOJ/bHUM NPEBOAMUOLEM, IPU UEMY CE MOXKe JJeCUTHU Jia TO 6y/ie UCTH
npeBoAuWJIaL, KOjUM je IpeBeJieHa TpaxkeHa npoueypa. OBa rpymna je Ha Ciuka 6.7
npUKasaHa cBeT/iMM ctyouhuma. OcuM IAR npeBoaunona, 043MBU CBUX OCTAIUX
npeBouJIalla Ce MEWAjy Ha ciMYaH HauuH U Kpehy ce o 36% y cayyajy
CodeSourcery npeBoiuolna 4 nocMaTpama caMo NpBe no3unuje, 10 68% y cayyajy
CrossWorks npeBozoLa 1 mocMaTpama NpBUX [IeT O3ULHja. Y IPOCEKY,
pesyaTtaTy 3a IAR npeBoauan cy 27% MamM ako ce mocMaTpa caMo IpBa
N03ULHMja, OHAHOCHO 16% Mamwy aKo ce mocMaTpa NpBUX NeT No3ULHja. Y Apyroj
NO/rPYIHU Cy pe3y/TaTH 3a TECTOBE Y KOjUMa je OMHapHU nporpam A06ujeH
noMmohy ucrtor npeBozyoLa Kao U TpakeHa npoueypa. OBa noarpyna je Ha Cauka
6.7 NpuKa3aHa TaMHUM cTy6rhuMa. Haj6ospu pe3yiTaTv y 0BOj NOATPYIIU ce
no6wujajy 3a Kail npeBoguian u kpehy ce y oncery og, 72% ako ce nocMaTpa caMo
npBa o3uLHja, 10 94% ako ce mocMaTpa NPBUX NleT N03ULMja. PesystaTu Koju ce
Jlobujajy 3a IAR npeBojuial Cy HE3HATHO JIOIIUjHA OCUM KaJia ce mocMaTpa NPBUX
neT no3uuyja, kaga IAR nocrtrxe Hajsehy BpegHoCT oA3uBa. PesysitaTtu 3a octana
TPH NIPeBOAMOLA Ce MeHajy Ha C/IMYaH HAa4YMH U Kpehy ce y oncery oz 39% ako ce
rocMaTpa caMo IpBa [o3uLuja, 10 87% ako ce nocMaTpa NPBUX NET NO3ULIHja.
[Iprka3aHu pe3ysTaTy Takohe MoKa3yjy Aa yKOJIHUKO ce MPUIUKOM NpeBohema
TpakeHe Npolueaype KOPUCTU UCTU NIPEeBOJUJIAL, KOjUM je IpeBeJleH IoCMaTpaHu
6uHapHU nporpam, og3uB pacte of, 1.07 1o 2.28 nyTa ako ce mocMaTpa caMmo NnpBa

no3unuja, ogHocHo of 1.03 xo 1.71 ako ce nocMaTpa NpBUX NeT MO3ULHja.

Y un/by oAiroBapama Ha Apyro NoTHHUTamke HEONXOAHO je UCIIUTATH YTULLA]

HUBOA ONITUMMU3AllMje KOjU je KopulllheH NPUJINKOM NpeBohema TpaxkeHe
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Cnuka 6.7 0A3UB Npe/Ji0XKeHOT NPUCTyNa y 3aBUCHOCTHU O KopuliheHor
npeBoauona y yHKuuju 6poja nocMaTpaHux nosunvja (CBu npeBoOAUOLH -
pe3yJ/ITaTu y c/y4ajy Kaja je 6MHapHU NPOrpaM y KojeM ce TPpaKH mpoueaypa
npeBe/JieH NIpOU3BO/bHUM MpeBoauoLeM; UcTu npeBoauial, - pe3yjaTaTH y cJ1y4dajy
KaJa cy TpakeHa Npoueaypa U GUHapHU NPOrpamM npeBejieHu UCTUM

npeBoAUOLEM).

npoLejype Ha 0J3UB KOjU IIOCTHKe NpeJoxKeHU npUucTyi. Ctora cy pe3yaTaTH
IrpyINUCaHU y [iBe Tpylle, Kao UITO je mprkKa3zaHo Ha Ciuka 6.8. [IpBa rpymna
pesyJsiTaTa lobUjeHa je o/f TECTOBA y KOjUMa je IpU npeBohemy TpakeHe
npoueaype kopuithen O0 HUBO onTUMHK3aLYje, AOK Apyra rpyna pe3yJrara
O/iITOBapa TeCTOBMMaA y KOjUMa je 3a UCTy HaMeHy kKopultheH O3 HUBO

ontuMu3anuje. HesHaTHo 60/bM 013UB OCTHXKeE ce TpU ynotpedu 00
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ONTUMH3auHje U u3HocHU 37% aKo ce mocMaTpa caMo NpBa N03HUI1ja, OLZHOCHO
81% ako ce nocMaTpa npBux 19 nosunuja. Ynorpe6om HUKer HUBOA
onTUMH3aIHje NOCTUTHYT je 1.03 myTa 60/bH 0JI3UB aKO Ce mocMaTpa npBux 19
N03UIHja, A0K je HajBehe peslaTuBHO nMoBehame oA3uBa 1.1 myTa ako ce mocmaTpa

MNpBUX IIET nosmmja.
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Bpoj nocmarpaHux nosuumja

Cauka 6.8 0a3UB NpeJi0KeHOT NPUCTYNa y 3aBUCHOCTH 0/ 6poja moCMaTpaHUX
NMo3MIMja, FPyNMUCcaH N0 HUBOMMA ONTUMHU3alMje KOju cy KopuiuheHH npu

npeBohemwy TpaxkeHe npoueaype.

Y nusby oaroBapama Ha Tpehe NOTHHUTaKe pe3y/aTaTH Cy IPYNUCAHU Y
3aBHUCHOCTH OJ1 KOHTEKCTA Y KOjeM je NpeBeJieHa TpakeHa npoueaypa. [Iponeaype
cy npeBobeHe Kao Jieo jeHOT o ciesiehux neT nporpama: Bayes, Genome,

Intruder, Ssca2 u Vacation. 3 pe3ysitata npuka3anux Ha Ciuka 6.9 ce BuJiu ja ce
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y CJly4ajy mocMaTparba MpBe M03UIHje 0J3UB NpeIJIoKeHOT pUcTyna kpehe ox

32% 3a Vacation g0 44% 3a SscaZ2. Y ciyyajy nocMaTpara npBux 19 nosunuja

oa3uB ce kpehe o1 73% 3a Vacation g0 83% 3a SscaZ2.
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1/2|3|/4,5|6|7|8|9|10/11|12|13|14|15|16|17|18|19
Bayes 39|53(59|63|66|69|71|72|74|75|76|78|78|79|80|81|81|82|82
Genome |37 |51 |56 |60|63|65|67|69|70|71(72|73|74|76|77|77|77|78|78
Intruder |36 |51 |57 |62 |65|68(69|71(73|75|75|77|78|79|80|81|82(82|82
Ssca2 44 |59 |65|69|70|72(73|74|76|77|78|79,80(81|82(82|83|83|83
Vacation |32 (45|51 (54 |57|59|62|63 |64 |66 |67 |68|69|69|71|72|72|73|73

Bpoj nocmarpaHux nosuuuja

Cauka 6.9 0a3UB npeJioKeHOr NPUCTyNa y 3aBUCHOCTH 0/ 6poja mocMaTpaHUX

N03UIMja, TPYNUCaH N0 IPOrpaMuMa y OKBUPY KOjHX je IpeBeJeHa TpaKeHa

npoueaypa.

6.2.3 Ekcnepumenr 1.3

[l1/b OBOT eKCIIEPHMEHTA je a OArOBOPH Ha Tpehe UCTPaKMBAYKO MUTAbE

KOje UCIIUTYje Jja JIK IpeJIOKeHH NPUCTYI NOCTHXKe 60Jbe pe3yJ/ITaTe o/

nocrojehux peuema. [Ipe nopehema je HeoNxo4HO oAabpaTH KOHUTYpaALUjY

Npe/JIOXKeHOT MpUCTyNa Koja he 6uTu kopuiheHa. [loToM je HeonxoHO

JedbuHMCcaTU IoCcTaBKe noctojehux anaTta Koje he 6uTu kopuinheHe 3a noTpebde
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nopehewa. Ha kpajy, cBu anatu he Ha y/s1a3y OOGUTH UCTU TECT y30PaK, HAKOH

yera he pe3yatatu 6uTH ynopeheHnu.

3a noTpebe n3bopa KoHPUTrypalvje Npe/JIOKEHOT IPUCTYIA CIIPOBEJIEH je
TECT KOjU YK/byuyje cBe KOMbUHanuje PSV enemeHnaTa, TpaHchopmaTopa U
dopmyia, aHasorHo npBoM TecTy. [IpBU Kopak je u3bop PSV enemeHara. Y jpyrom

KOpaKy o/labpaHu cy TpaHcpopMaTopu U popmyJie.

[Ipu u36opy PSV esieMeHaTa nocMaTpaHe Cy KOHPUTrypalyje Koje MoCTHKY
HajBehu 0/13UBU Ka/la ce mocMaTpa NPBUX h NpoLeAypa 3a BpeAHocTUu n € [1,19].
[Ipu ToMe cy 3a cBako n kopuitheHu TpancpopmaTop U popMyJia ca KojuMa ce
Jlobuja Hajoos/bU 0/13UB. Y n06UujeHUX 19 KoHUTrypalrja nmpebpojaHo je KOJIUKO
nyTa ce KOPUCTH cBakU oA PSV enemenaTta. HopMasinzoBaHu 6pojeBu
nojaB/buBama PSV eslemeHaTa npukasanu cy Ha Ciuka 6.10. 3a fa/by ynoTpeby
oZlabpaHu Cy eJleMEeHTH KOjU ce KOPUCTe y BUllle o TpehuHe nocMaTpaHUX
koHUryparuja, mto je Ha Civka 6.10 Ha3HaYeHO UCTTPEKUJaHOM JIMHUjOM.
OpabpaHo je ykynHo aeBeT PSV eniemeHaTa. Tpu ejieMeHTa Ccy M3padyyHaTa Ha
OCHOBY MeTpHKa Koje Cy MHCIIMpUCaHe MeTPHMKaMa HAaMeHhEeHUM BUILIUM
NpOrpaMcKUM je3uliuMa (METPHUKE Koje pebpojaBajy CKOKOBE, IO3UBE U NETJ/be
(SABN, SACN u SAPN)). [IpeocTa/iux LIECT eJieMeHaTa je U3padyyHaTo Ha OCHOBY
npejJio’KeHUX HOBUX MeTpHUKa ynoTpeboM MpeAJoKeHUX KoMIapaTopa y To CY:
dpekBeHLMja apUTMETHYKUX UHCTPYKLHja (SAAF), 03HaueHO nopeheHU BEKTOpHU
KOju caJip>ke OpojeBe U ppeKBeHIMje M0jaB/bHBakba 32 CBAKY O/1 UHCTPYKIIMja
(LEIN u LEIF), panrvpaHo nopeheHu BEKTOP KOju caJip:ku GpeKBeHIHje

NojaB/bHBamba CBaKe 0Jf MHCTpYKUUja (REIF), paHrupaHo nopeheHu BeKTOPH KOjU
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caJip>ke OpojeBe NOCKOKA Ha aJipece Koje ce MojaBJ/byjy Y UHCTPYKIHjaMa CKOKa
(REBN) u panrupaHo nopeheHu BeKTOpPU KOjU cajip>ke 6pojeBe Mo31MBa MO3MBAHUX

notnporpama (RECN).
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Cauka 6.10 HopmasiM30BaHM 6pojeBM I0jaB/bUBamka NojeAUHUX PSV eslemeHaTa y
KoHpuUrypanujama Koje gajy Hajpehu 0/3UB 3a CBakM 0/, 6pojeBa ocMaTpaHUX

nosuuuja.

PesysnTaTu kopuirtheHu 3a u3bop PSV enemeHara cy Takohe kopuiheHH U
3a u3bop pusarepa u popmysie. Mehy cBUM npeasokeHUM popMysiama HajoObU
0/131B NOCTUXKY apUTMETUYKa, FeOMeTPUjCKa U XapMOHUjcKa cpeuHa (Fi, F2 u F3).
ApuTMeTHUKa cpeJjiHa y KOMOUHALUjU ca TpaHCPOpMaATOPOM R4 moCTHKE
Haj0o0J/be pe3yJsiTaTe aKo ce IPUMeHHU Ha CBe oJlabpaHe esieMeHTe PSV vnu y

KOMOMHaIHUjU ca TpaHchopMaTopoM Rz ako ce IPUMEHU Ha HEHYJIa BPeJHOCTH

97



onabpanux PSV enemenara. [[eomMeTpujcka U XapMOHUjCKa CpeIUHA TIOCTHXKY
Haj60/bU 0/13UB y KOMOUMHAaLUjU 6e3 TpaHchopMaTopa (TpaHchopMaTop KOju He
Mema BpeJJHOCT 03HaveH ca R7) ako ce NpyMMeHe Ha HeHyJla BpeJJHOCTH 0/labpaHux
PSV enemenara. [lopen npeaioxkeHux GpopmyJia, MCIUTAHA je MOTYRHOCT
Kopulthemwa ciefiehe Tpu TexHHMKe MaIIMHCKOT yyema: MallliHe ca BEKTOPUMa
nozpiuke, HauBHu Bajec u k Hajomxkux cycena. Ha Cavka 6.11 npukasaHu cy
Jl00MjeHH 0/13MBM 3a IeT Haj60/buX KOMOHUHaLMja GopMyia U TpaHCcPopMaTopa
YK/by4yjyhy ¥ IOMeHyTe TPU TeXHUKe MALIUHCKOT y4erwa. O[3UBU Cy NpUKa3aHU
y 3aBUCHOCTH 0Ji 6poja mocMaTpaHUX MO3ULHja n, P 4YeMY Cy 3a N y3eTe HellapHe
BpeaHocTU U3 omncera [1,19]. HauBnu bajec, reomeTpujcka 1 XapMOHHUjCKa CpeiuHa
NOCTHXKY HajBehu 0/13UB 32 MaJsiu 6poj MOoCMaTPaHUX MO3ULMja, IOK IPU
IIoCMaTpaky BUIIE OJ IIeCT No3ULHja 6Jary npeHOCT UMa apUTMeTHYKa
CpeAivHa NOTIIOMOTHyTa TpaHchopMaTopuMa. 360r TpaHchopMaTopa Koje
KOpHCTe, KOMOUHaLUje TpaHcpopMaTopa U GpopMysia ca apUTMETUYKOM
CpeJjMHOM 3aXTeBajy NpeTX0HO 3Hamwe. U TexHuKe MallMHCKOT y4Yerwa Takohe
3axTeBajy NPeTX0HO 3Hame, LUTO ce OJHOCHU Ha IpUKa3aHy TeXHUKY HauBHU
Bajec. Ca gpyre cTpaHe, KOMOMHAIMje ca XapMOHUjCKOM U TEOMETPUjCKOM
CpejMHOM He KOpPUCTe TpaHCcPopMaTop a He 3axXTeBajy NPETXOAHO 3HAE U
TpeHHpame. 360T J0O6PUX pe3yJsiTaTa U HEMOCTOjaba NOTpebde 3a MPEeTXOJHUM

3HamweM, 3a nopehemwe je oJabpaHa reoMeTpUjcKa CpeiUHa.

Jlpyru feo nojieliaBama THYE Ce Mo/JicKymna nocrojehux anara koju he 6uTH
kopuinheHu 3a mopeheme. Y oBoj ¢pasy, 3a nopehemwe he 6UTH KopUultheHH caMo
nocrojehu aslaTH KOju y HEKOM 06GJIMKY MOTY GUTH IPUMEHEeHU Ha pelllaBambe

IoCMaTpaHor Npo6JieMa U CBHU Cy U3 JoMeHa OTKpPUBamba COPTBEPCKUX KJIOHOBA U
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BR1+F2w/o0| 336 | 554 | 636 | 668 | 69.9 | 720 | 739 | 763 | 77.9 | 793
BR1+F3w/o0| 33.0 | 54.7 | 635 | 67.3 | 69.8 | 725 | 746 | 763 | 772 | 784
WR3+Flw/o0O| 303 | 543 | 629 | 676 | 71.6 | 739 | 76.1 | 77.9 | 79.4 | 80.1
ER4+F1 305 | 547 | 633 | 684 | 722 | 752 | 76.7 | 77.7 | 79.0 | 799
ENB 343 | 55.7 | 625 | 673 | 703 | 73.1 | 747 | 76.2 | 773 | 781

Bpoj nocmarpaHux nosuumja

Cnuka 6.11 Oj3uBH Haj60/bUX IET KOMOMHaLUja duiatepa u dopmysia ykbyuyjyhu n
npejJjioxeHe TPU TeXHUKe MAalIMHCKOT y4Yema, CBe y 3aBUCHOCTH 0/, 6poja
nocMmatpaHux nosunuja (R; + Fz w/o 0 - reomeTpujcka cpeguHa 6e3
TpaHcpopMaTopa npuMeeHa Ha HeHyJ1a PSV enemenTe, R; + F3w/0 0 -
XapMOHMjCKa cpeauHa 6e3 puiTepa npuMemeHa Ha HeHyJ1a PSV enemeHTe, R; + F;
w/0 0 - apuTMeTHYKa CpeHA Ca eKCIIOHEeHIIHja/IHUM TPAaHCPOPMaTOPOM
npuMemeHa Ha HeHyJ1a PSV esiemeHTe, Ry + F1 - apuTMeTHYKaA CpeAHHA ca
TpaHcPopMaTOpPpOM 3aCHOBAHMM HAa HUBOY NIOBepema KaJa ce IpMMeHH Ha CBe
ogao6pane PSV enemenTe, NB - HauBHM bajec npuMemeH Ha cBe oga6paHe PSV

eJieMeHTe).

OTKpHBama IJIarujapusMa y CTyAIeHTCKUM pajioBuMa. [Ipersies; 1 HajBaxkHUje

KapaKTepUCTHKe OBUX aJjlaTa AaTH cy y Tabesa 6.3. CBU asaTh ocuM Moss ajiaTa Ha
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yJ1a3y 3axTeBajy U3BOPHU KO/ 11a je OMHAapHe IporpaMe NOoTpeoHO
JleKoMIajyinpaTy. Moss ajaT uMa MOTYhHOCT Jla Ha yJsia3y IPUXBAaTU U
aceMb6Jiepcky KoJ,. Unak ayaT He noap:aBa ARM apXUTeKTypy, 1A je aaaT
KopuIilheH y pexxuMy 3a Mips apXUTeKTypy Koja uMa oipeheHUX CIUYHOCTHU ca
ARM apXUTeEKTypOM, a/Id Ce UMaK pas3yukyje oj we. JlonatHo, Deckard v ACD
O4YeKyjy MU3BOPHH KO/, KOjU MOXe Jia ce IIpeBeJie, I1a je 3aTO U3J1a3 JeKoMIajiepa

MOpao Ja ce py4yHO J0paJiki Kako 61 OBU ajJlaTH MOTJIM OUTHU IPUMEHEHU.

Ta6esa 6.3 [lpersiea nocrojehux aslaTa Koju ce KOPUCTE Y eKCIEPUMEHTY.

C/C++, CH,
C/C++, CH,
C, CH, Java, Cobol, Java,
Cobol, Java, | C, Java, Php C/C++
Py VB, MIPS,
VB, Text
Text...
C C C C ASM
610K,
AaToTeKa AaToTeKa haToTeKa haToTeKa
npoueaypa
6a3upaH Ha
6a3upaH Ha | 6a3mpaH Ha | 6a3unpaH Ha | TekcTy (ASM | 6a3mpaH Ha
TEeKCTy TOKeHMUMa AST nobujeH og TeKCTy
Q)
1,2u3 1,2u3 1,2u3 1,2u3 1,2u3
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Heku of anaTta He pajzie nopehemwe koia Ha HUBOY NpoleAypa Beh KopucTte
Zpyre rpaHune. Kako 64 ce pe3ysTaTy NpUKasald YHUPOPMHO, IeKOMIIajJIMpaHU
KOJI je MOpao OUTH M3/ie/beH Ha BeJIMKHU OPOj JaTOTEeKa TaKo Jla CBaKa JaToTeKa
caZIp>KM Ko/l Ta4yHO jeAHe npoueaype. [lomwto asaTtu Ha U31a3sy He Aajy CIMYHOCT
ynopeheHUx KO/I0Ba, 32 paHTMpakbe NpoleAypa U3 OMHApHOT IporpaMa Koju ce
npeTpaxyje kopuliheHu Cy 6pojeBU ynapeHUX JIMHUja WY TOKEeHa Koje ajaTh

Bpahajy.

HakoH KoHUrypucamwa npe/iJioxKeHor peliieha U noctojehux asara
CIpOBeJieH je ekcriepuMeHT HaJl 1503 HacyMUYHO y30pKOBaHa TecTa. 3a CBaKU
TECT ce HAaCyMUYHO o/jlabepy ABa 6uHapHa nporpaMa. M3 npBor nporpama ce
HAacCyMUYHO oZiabepe jeiHA O POLIeAYPa, TAKBA /1a y IPyroM GUHAPHOM
nporpamy MnocToju npoleaypa Koja moTuye oJi K3BOPHOT Ko/ia MpoLeaype
ofabpaHe u3 npBor nporpama. [Ipoueaype cy ArcaceM6/iMpaHe 3a NoTpebde
TeCcTUpakba NpeJJIoXKeHOT NIpUCTyna U Moss ajiaTa, 10K ce 3a OCTaJle ajaTe

npoueaype AeKOMIajiupajy U JeJie y 3acebHe JaTOTeKe.

JlobujeHu pe3yaTaTH y 00JIMKY 0[3UBa nocTojehux asata u npeaJsoxKeHoT
NPUCTYIa y 3aBUCHOCTH 0/, 6poja mo3uiiyja Koje ce mocMaTpajy NpruKa3aHU Cy Ha
Cnuka 6.12. Ca ciuke ce BUAU Jla y ypaheHOM eKClepuMEHTY Npe/JIoKeHU
NPUCTYI NOCTHUKe 60Jbe pe3y/iTaTe 0J CBUX IocTojehux asara ca kojuMma je
nopehemwe paheHo, ¥ To 3a cBe BpeJHOCTH 6poja NoCMaTpaHUX NO3ULIHja.
KoHkpeTHO, ako ce nocMaTpa caMo NpBa [0311Hja, IpeAJI0XKeHU NPUCTYII
noctuxe 1.44 nyta 60/b4 0J3UB Y OJHOCY Ha HAjOOJbU OJf TECTUPAHUX NOCTOjehux

asaTta. Meby octanum pesyataTuMa ce npuMehyje 1a 3a npUKasaHe BpeJHOCTH
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6poja mocMaTpaHUX no3unyja, anatvu ACD u Moss uMajy MOHOTOHO pactyhe
byHKILHje, 0K O3UB OCTa/IMX aJlaTa yJa3u y 3acuheme 4ak U 3a Mame 0] IPBUX 5
nocMaTpaHuXx nosunuja. Takohe Tpeba NpUMeTUTH Aa IPeAJIOXKEHU IPUCTYIT
paHrupa npouejypy Koja noTude oJi U3BOPHOT KoJla TpaXKeHe Npoleaype Mehy
npBux 19 nosunyja y npubamnxkuao 78% ciaydajeBa, 0K y npeoctanux 22%

cay4ajeBa oArosapajyha nponeaypa 6yse panrupasa nocje 19. nosuunuyje.
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5 40 - —
30
20 -
10
0
112 |3|4|5|6|7|8|9|10/11|12|13/14|15/16|17|18 19
——SimCad |21 31 (34|36(37|39|39 |40 40 |40 |40 40|40 |40 |41 41 (41|41 41
—— CCFinder |17 |24 |26 |26 |27 |27 |27 |27 |27
—— Deckard | 2129 (31(32(32|32|32|32/33(33/33/33|33/33|33/33(33/3333
—— ACD 23|35(39(41(42 42|43 (44|45 |45 |46 |46 |46 |47 |47 |47 |48 |48 |48
—— Moss 18|26 2933|3537 |40 |42 |44 |45 |47 |48 |49 |51 52|53 |54 |55 |56
——P.App. |33|48|54|57|60|63|65|67|68|70|71|72|74|75|76(77|77|77|78

Bpoj nocmatpaHux nosuumja

Cauka 6.12 03B npeAJioKeHOor NPpUCTyna v nocrojehux asara y pyHkuuju 6poja
NMocMaTpaHuX No3unyja, ciay4daj STAMP (SimCad, CCFinder, Deckard, ACD, Moss -

nocrojehu anatu, P.App. - npeAJ/i0KeHU NPUCTYII).
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Jlpyra Mepa Kpo3 Kojy je npeJjioKeH! IPUCTYT eBaJIyHpaH je MpeLru3HOCT.

KpuBe Koje nokasyjy Kako ce NpeLiM3HOCT MPe/IJI0KEHOT MPUCTYIA U OCTOjehux

ajJlaTa Mema ca IPpOMeHOM 0/ 3UMBa NpuKa3aHe cy Ha Ciinka 6.13. Ca c/iuke ce BUAHU

Jla Hajeehy npenu3sHocT Moxe J1a nocturie CCFinder A0K je npeJJIOXXeHU MPUCTY

JIPYyTH Haj60JbU aJaT y NOTJ/Iely NPenu3HOCTU. Unak, Mpenu3HOCT KOjy MOCTHXE

CCFinder ce BeoMa 6p30 CMamyje 4aK U 3a peJIaTUBHO MaJIv OPacT oA3uBa. Yak je

Y HajBeha BpeAHOCT 0/13UBa Koju nocTtwxe CCFinder Mawa o/l HajMathe BpeJTHOCTH

Oo3H1Ba KOjI/I IMOCTHKE MpeaJIOKEeHHU IMPUCTYII. Crorace ca IIpHUJIOKEHE CJINKE MOXKe

3aK/bYYHUTH [a IpeaJIOKEHHU MPUCTYII MOXKe OUTH BeoMa 3HaqajaH A0JaTaK
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Ciuka 6.13 [Ipenu3HOCT KOjy OCTBApyjy NpeAsioKeHU NPUCTyl U nocrojehu anatu y

3aBHCHOCTH O/ MOCTUTHYTOT 0/3UBa, ciay4daj STAMP (SimCad, CCFinder, Deckard,

ACD, Moss - noctojehu anatu, P.App. - npeAJioKeHU NPUCTYN).
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nocrojehuM ajlaTuMa KOju MOCTHKY BEeJIMKY MPELU3HOCT, aJIM MaJId OJ[3UB KaJia ce

IpUMeHe y IOCMaTPaHOM /I0OMEHY.

Tpeha mepa Kpo3 kojy he 6UTH mocMaTpaH NpeJJIoXKeHU NPUCTY je F Mepa,
npukasaHa Ha Ciivka 6.14. Ha ciuuu ce npuMehyje aa npejioxKeHHd NPUCTYI KMa

HajBehy BpeaHOCT F Mepe yKOJIMKO ce TocMaTpa caMo NpBa nosuuuja. Mehytum,
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Bpoj nocmartpaHux nosuumja

Cnuka 6.14 F mepa npe//i0>KeHOT NPUCTYIa U NocTojehux ajlata y 3aBUCHOCTH 0],
6poja mocMaTpaHuXx no3unMja, ciaydaj STAMP (SimCad, CCFinder, Deckard, ACD, Moss

- nocrojehu anartu, P.App. - npeAji0oKeHU NPUCTYII).
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Beh NpU/IKMKOM NocMaTpama 6ap npBe ABe no3ulivje, Hajpehy BpegHocT F Mepe
nAaje CCFinder, [ok npeioKeHU MPUCTYT Jiaje APYTy HAajo0o/by BPeAHOCT. YjeJHO,
CCFinder noctrxe U HajBehy BpeHOCT F Mepe y c/iy4dajy Kajia ce mocMaTpajy npBe
TPpH no3uuyje u oHa usHocu 33.6%. Ofat/ie 64 ce MOrao U3BeCTH 3aK/bydyaK Ja y
C/Iy4ajy Kajia je mojje/JHaKoO BaxKHO MpoHahu npoueaypy KOJHUKO U Jia ce BpeMe
ekcnepTa epUKaCHO UCKOPUCTH, Haj6osbe je KopucTuTu CCFinder v mocMaTpaTHu
npBe TpU no3uiyje. [IpubImKHO UCTH edeKaT, Y3 cMambewe F Mepe 1.02 nyTa, 61
ce Takohe nmocTurao ynorpeb6om npeasaoKeHor NpUCTyIa y3 mocMaTpambe caMo

npBe MO3UIHje, C TUM Jla OU ce Tako 03uB noBehao 1.28 nyTa.

Y unsby faBama Beher 3Havyaja 043uBYy, Ha Ciuka 6.15 je npukasana F2
Mepa. U3 npusoxeHor ce npumehyje fa npejioxkeHy NpUCTYN Jaje HajBehy
BPEeJHOCT OBe Mepe aKo ce TocMaTpa He BHIlLe 0Jf IPBUX ceZlaM N03ULHja. YKOJIUKO
ce MocMaTpa BUllle O/ IPBUX CeJlaM N103U1i1ja, TaJda He3HAaTHO 00J/bU pe3yJITaT
noctuxe CCFinder. AnconyTHO HajBehy BpeJHOCT OCTUKe NPeJI0KEHH NPUCTYII
YKOJIMKO Ce IOCMaTpajy NnpBe JBe No3ulyje U TaZa u3Hocu 39.6%. Y ckiaay ¢ Tum,
y IpHMKa3aHOM eKCIIepUMEHTY ce MOXe 3aK/bY4UTH Jla 61 Haj6o/bU edeKkaT 1o
NMTamwy OCTHU3ama TOo Beher oA3uBa U 1ITO eQUKACHUjer yTPOIIKA eKCIePTCKOT
BpeMeHa, y C/Iy4ajy KaJia ce UIIaK UCTHUYe BXXKHOCT IIpOHaJIacKa TpaKeHe
npoueaype, fajaa ynotTpeba npe/JioxeHor IpUCTyIla y3 ocMaTpame NpBe /iBe

Mo3uLyje.
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1123|456 |7|8|9|10(11|12|13|14|15|16|17|18|19

——SimCad |21|26(25|23|22|20(19|17 /16 (15|14 (13|13 |12 |11|11|10|9. |09.
= CCFinder| 20|27 (2829|29(29(29 29|29
—— Deckard | 2124 (22|20|18|16|15|13/13|12|11(10|9.|9.|8.|8.|7.|7.|7.
—— ACD 23/29(28(26(23|21|20|18 |17 |16 |15 |14 (14|13 |12|12 |11 (11|11
—— Moss 18(22|21(21/19/19|18 17|17 |16|16 |15 |14 |14 |14 |13 |13 |13 |12
——P.App. |33|40(38(36(33(31/30(28|26(25|24(22|22(21|20|19|18 18|17

Bpoj nocmarpaHux nosuumja

Ciuka 6.15 F; Mepa npe/JjioKeHor NIPUCTyIA U ocTojehux ajlaTa y 3aBUCHOCTH OJ,
6poja nocMaTtpaHux no3unmja, ciay4daj STAMP (SimCad, CCFinder, Deckard, ACD, Moss

- nocrojehu anartu, P.App. - npeaioKeHU NPUCTYII).

6.2.4 Ekcnepumenr 1.4

[l1/b 4yeTBPTOT eKCIlepUMeHTa je ia TIOHOBU nopeheme npeaioxeHor
IpUCTyNa U o4abpaHuX oCTojehux asaTa y peaJlJHOM ci1y4ajy ynotpebe
O6MOIMOTeKe U3JaTe NoJ ABOCTPYKOM JinLeHL oM. [lopeheme je ypaheHo anasmorso
nopehemwy n3BeJieHOM y TpeheM eKcrieprMeHTY, C pa3JIMKOM LITO Ce KOPUCTe
yJ1a3HU NOJaly 3aCHOBAaHU Ha copTBepcKoM nakeTy BusyBox. CopTBepcKU nakeT
¥ 6UOJIMOTeKa Koja ce TPaXKU Cy onvcaHu y ['1aBu 4 (OKpyKeme 3a eBalyalnujy).

3a cipoBoheme eKclieprMeHTa HallpaBJbeH je y3opak koju caapxu 800 TecToBa.
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1/2(3|4|5|6|7|8|9|10/11|12(13|14|15|16(17|18/|19
——SimCad |18 |24 (28|30(32|34|35|3738(38|39 40|40 |41 |41 4242|4343
—— CCFinder| 26 {30 [30|30|30(30(30|30/30
—— Deckard | 25|30 (32(33|34|34|34|3435|35|36/36|36|37 (3737|3737 |37
——ACD 20|27 30|32 /33(34|34(34|3535|35|35|35/35(35|35 36|36 36
—— Moss 21|24 25|26/27 (2829 /30|30 31|31|32(3233(33|3334(3435
——P.App. |43|55|58|62|64|65|66|67|68|69|70|71|72|73|74|74|76|76 |77

Bpoj nocmarpaHux nosuumja

Civka 6.16 Oa3MB npeAJi0KeHOor NPpUCTyna v nocrojehux anara y pyHkuuju 6poja
NMocMaTpaHUX N03UuLyja, ciay4daj BusyBox (SimCad, CCFinder, Deckard, ACD, Moss -

nocrojehu anatu, P.App. - npeAJ/i0KeHU NPUCTYII).

O/34B npeJ/ioXKeHOT NPUCTYIa U ynopeheHux nocrojehux anaray
3aBUCHOCTH 0/ 6poja mocMaTpaHUX MO3HIIMja MpuKasaHu cy Ha Ciuka 6.16. Ca
CJIMKe Ce BU/U Jia NpeJ/IoKeHH NPUCTYI U Y OBOM CJiy4ajy MOCTUKE Haj60/bHU
0/131B 0/ CBUX TeCTUPAHUX ajlaTa 3a CBaKy OpOj mocMaTpaHUX nosunuja. 0a3us
npeJJI0KeHOT IPUCTYIa je 3Ha4yajHO opacTao y OJHOCYy Ha C/Iy4aj TecTa
3acHoBaHOT Ha STAMP ako ce nocMaTpa caMo IpBa o3uLuja u usHocu 43%, 1ok
je 0Z13MB 0CTa0 CKOPO UCTHU KaJja ce mocMaTpa npBux 19 nosunuja. Y UCTO BpeMe,

0/;3UBH OCTaJIMX a/laTa HUCY 3HA4YajHUje IPOMEHEeHH, OCUM LITO je KOJ HEKUX
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asiaTa nonyT Moss mopacT 0/i3MBa ca opacToM 6poja No3uLMja 3HAaTHO Mabu y
OZJHOCY Ha IOpacCT y cJay4ajy TecTa 3acHoBaHOT Ha STAMP. [lopacT oA3MBa KaJia ce
nocMaTpa caMo IpBa N03UIMja Ce MOXKe TPAKUTH Y UMbEeHHUIY Jia je IpoceyHa
BeJIMUMHA Npoleaype Y BusyBox makeTy HEKOJIMKO nyTa Beha y ogHocy Ha STAMP
OKpYXeme, ITo oMoryhaBa ia ce nojaBu Behu 6poj pa3/IMuuTUX BPeHOCTH

METPUKQ, 1A Ce U IpoLeype Mory 60/be AUdpepeHUPATH.
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Cauka 6.17 IIpenqu3HOCT Npe/JI0KEeHOT MPUCTYNA U NOCTojehux pemema y
3aBHCHOCTH O/ 0A3MBAa, ciay4aj BusyBox (SimCad, CCFinder, Deckard, ACD, Moss -

nocrojehu anartu, P.App. - npeAJjioKeHU NPUCTYI)

Ha Cnuka 6.17 nprKasaHa je Ipeny3HOCT KOjy IOCTHXKY IpeJIOKeHU
IPUCTYN U nocTojehu aslaTh y 3aBUCHOCTH O, TIOCTUTHYTOT 0/3UBa. Y nopehemwy

ca MCTUM rpadMKOM 3a c1y4aj TecToBa 6a3upaHux Ha STAMP oKpyXemy,
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npumehyije ce f1a cy 06JIUIY U peJIATUBHU OJJHOCU KPHUBHUX BeoMa CIUYHU. OCHOBHA
pasJIMKa je IITO Y3 HellTo Beh 0/13UB ajlaTH MOCTHXKY ¥ Behy mpelnu3HoCT. JeJuHU

aJ1aT YUjU pe3yJITaTy Cy HE3HATHO JIOIIUjU je Moss.
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Bpoj nocmatpaHux nosuumja

Cnuka 6.18 F mepa npe/10>KeHOT NPUCTYIa U NocTojehux ajlata y 3aBUCHOCTH 0],
6poja mocMaTpaHMX Mo3ulMja, ciay4daj BusyBox (SimCad, CCFinder, Deckard, ACD,

Moss - nocrojehu anaru, P.App. - npejj0XKeHU NPUCTYII).

Ha Cnuka 6.18 npukasaHe cy BpeJHOCTU F Mepe Koje IOCTUXKY
npeJJIoKeH! IPUCTYI U nocTojehy asaTu 3a TecToBe 6a3upaHe Ha BusyBox
nakeTy. 0631MpoM Ha HelTO Behy 0/13UB U IPELIU3HOCT, KaKO NPeAJI0XKEeHOT

NPUCTYIA, TAKO U MocTojehux anaTa, BpeAHOCTH F Mepe cy Helrto Behe y ogHOCY
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Ha BpeAHoCTH y TpeheM TecTy, kajja je kopuiiheH y3opak 6a3upad Ha STAMP
OKpyxewy. Unak, peslaTUBHU OJHOC NPEJJI0KEHOT MPUCTYINA U APYTror HajooJ/ber
oA noctojehux anara je 3agpxaH. [1enajyhu camo npBy no3uiujy, Hajeehy
BpeLHOCT F Mepe NMoCTHXe NpeJJIOKEHU NIPUCTYIL. Y OCTaIMM CJy4ajeBUMa

HajBehy BpeaHocT noctuxxe CCFinder.
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——Deckard |25|25(23|21|19|17 (16|14 /13 |13|12(11|11|10|9.|9.|8.|8.|8.
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—— Moss 212018 |16/15(14|13 (12|12 /11|1010|9. 9. (8.|8. /8. |7.|7.
—P.App. |43|46|42|39(36(33|30|28|26|25|23|22(21(20|19|19 (18|17 |17

Bpoj nocmarpaHux nosuumja

Cauka 6.19 F; mepa npeJiJI0;KeHOT IPUCTYIA U IOCTOjehuX ajlaTa y 3aBUCHOCTH OJ,
6poja mocMaTpaHMX Mo3ulMja, ciay4daj BusyBox (SimCad, CCFinder, Deckard, ACD,

Moss - noctojehu anatu, P.App. - npeAj10XXeHU NPUCTYII).

C/M4YHO NOHalllake NMpeAJIoKeHU NPUCTY U ocTojehu asaTu nokasyjy u

Kajla ce mocMaTtpa Fz Mepa Koja je mpukazaHa Ha Ciiuka 6.19. Hajsehe BpegHOCTH U
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JlaJbe MOCTIKE MPeJIOKEeHU MPUCTYI YKOJIUKO Ce TocMaTpa Ji0 MPBUX IIeCT
no3uiyja. [I[punrkom nocmaTpamwa Beher 6poja nosuiiyja, Hajehy BpeiHOCT F2

Mepe noctuxe CCFinder.

6.3 TexHuKe 3a N060J/bLIAKE Pe3yJITaTa

Mako npeTxoHO IpUKa3aHU U eBaJlyUpaHU NpeJJI0KeHHU IPUCTYII
NOCTHKe Behr 0/13UB 0J] CBUX TeCTUPAHUX NNOCTOjehnx asaTa, HEONXOAHO je
aHaAJIU3UPATH U C1a00CTH NPEAJIONKEHOT IPUCTYIA Yy LIU/bY €BEHTYaJHOT
nob6oJblilamba pe3y/TaTa Koje noctuxe. Mako je mopehemwem npoueaypa Ha OCHOBY
MaJIOT JieJ1a ’bMXOBUX KapaKTepUCTUKA 3HAaTHO CMakbeH YTHULAj NPeBOJUOLA Ha
nporuec npopehema, TakaB Ha4MH nopehewa UMa U HefocTaTaka. Unak,
3aHeMapHBambe BeJIMKOI 6poja KapaKTepuCTHKa NPUJIMKOM Nopehemwa J0BOAY U
Jl0 TOra Jia ce HepeTKO JiBe NpoLeAype Koje IOTUYY O pa3/IMYUTHUX U3BOPHHUX
KOJI0Ba IIporJiace UCTUMA. Y IPUJIOT MOrPELIHOM 3aK/byYUBahy U/e U YMbeHULa
Jla HU 0JlabpaHe KapaKTepUCTHKe He yCIeBajy YBEK /la 3aHeMape CBe pasJ/IhKe Koje

NPUJIMKOM Nnopehera HacTaHy.

Jenna moryha nHTepnpeTanuja Teopuje MHGopManuja Ha IpeAJI0XKeHH
INPUCTYII ¥ NIpOLieC payyHawa TOTa/IHe CIMYHOCTH IpoLeypa jecTe Aa
MHCTPYKIMje OAroBapajy cuM60/1MMa, IpoLeAype NopyKama, a ia copTBepCKe
MeTpUKe Mpe/CTaB/bajy NOPyKe KOMIIPUMOBaHe ca ryounuMa. lium komnpecuje je
Jla 3a7p>ku UH$OpMalMje Koje BepOJL0CTOjHO NPe/iCTaB/bajy U3BOPHU KOJ,
npoleAype He3aBHUCHO 0 Npolieca npeBohemwa. Mnak, onucaHu npouec
KOMIIpeCHje MOKe 1a UCIyCTU ojpeheHe 6uTHe MHOpMaliyje, aJld UCTO TAKO U Ja

3a/pxu ofpeheHe nHpopMalHje Koje BoJie MOTPEIIHOM 3aK/bY4Ky. CTora
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pe3yJITaTU MPeJIoKEHOT NPUCTYIIA KOjU ce 3aCHMBA Ha MH$OpMalijama
3aAp:KaHKM y MeTpHUKaMa MOTY OMTH M060JbIlIaHU TaKo 1ITo he ce noBehaTu
KOJIMYMHA UHopMalMja Koje MMajy NO3UTHUBAH YTUIIAj HA paHTUpakbe mpolesypa
Y UICTOBPEMEHO CMalbUTH KOJIMYMHA HHOpMallMja Koje MMajy HeraTUBaH yTULAj
Ha paHrupame npoieaypa. [lopehamwe u cMambemwe KoMurMHe HHOpMaliija MOXKe
OUTH Ha HUBOY MOpPYKa WJIM Ha HUBOY CMUMO0JIa, LITO JJOHOCU YETUPHU KJlace
Moryhux noboJsbiiamwa npejJokeHor npucryna. [lomeHyTe 4yeTHpu Kaace Moryhux
noboJsbllama cy npukKalaHe Ha Ciuka 6.20. CBaka o Kjiaca Moke Jja mo6oJblia
pesyJsiTaTe Tako To he noBehaTu paHr npouejype Koja IOTUYe 0J, U3BOPHOT
KO/Jla TpaXkeHe MpolLeype WK TaKo LITO he CMawbUTH paHT NpoLeAypa Koje He
NOTHUYY 0/ U3BOPHOT KOJla TPaXKeHe Mpoleaype.

CeKkseHue | YepaheHe

MNosehare KonnumHe .
uHcmpykyuja | npoyedype

nHpopmaumja Koje umajy

NO3UTMBAH YTULA]j Ha . |
MNotuckyje | MNoauke
paHrupase

pasanyunTe C/IM4HE

Cmek u npeHoc| Dissimilar
UHCMpyKyuje | procedures

TexHuKa

Edekar

Cmamberbe KonnumHe
nHpopmauymja Koje umajy

HeraTUBaH yTULAj Ha | .
Moauke Motuckyje
paHrupase

CMyHe | pasnuuute

TexHuKa

Edekar

UHcTpykuuje  Mpouepype
(Cumbonn) (Mopyke)

Cauka 6.20 YeTupu Kjiace Moryhux no6o/biiama U bUXOBU O4YEKUBAHU e(PEKTH.

CMameme KoTMYMHe HHPopMalMja Koje HeraTUBHO YTHYY Ha paHTUpakbe
MOXKe OMTHU NNOCTUTHYTO o/ 0aliuBambeM opeheHnx cuMboJia ¥ mopyka.
EnvMuHanuja cuMbo01a y KOHTEKCTY nopehema npoueaypa Moxxe 6UTH

IocMaTpaHa Kao U30CTaB/bakbe 0JpeheHUuX MHCTPYKLH]ja (LOHbU JIEBU Yrao Ha
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Cnuka 6.20). UHCTpyKIHUje Koje MOTY OUTU U30CTaBJbEHE CY OHE KOje Ce UeCTO
10jaBJ/byjy U Kao TaKBe HOCe MaJly KOJIMUMHY MHOpMaIlYja, a Koje ce 4eCcTo
[10jaBJbyjy y AieJIOBMMa KO/Za KOjU Cy pa3/IMYUTO npeseeHu. [Ipumepu cy
MHCTPYKILYje 32 NIPUCTYIl apTyMeHTHUMA U JIOKAJIHUM IPOMEeH/bUBUM IIpoLiejype
KOjU Ce HaJsla3e Ha CTeKy Uy PerMCTPUMa, Y 3aBUCHOCTH OJf IpolLeca lpeBohema
(MHCTpYKLHje Koje pajie ca CTEKOM M MHCTPYKIUje 3a MpeHoC NoJaTakKa).
EnvMuHanMja nopyka y KOHTEKCTY opebhemwa npoueypa Moxe Jja ce nocMaTpa
Kao M30CTaB/bakbe 1eJuX Mpoleaypa (JAomu gecHu yrao Ha Ciauka 6.20). Mory ce
M30CTAaBUTHU OHe IpoLe/ilype Koje UMajy BeJIMKY BpeJHOCT TOTa/IHe CIMYHOCTH ca
TpakeHOM IpoLelypOM 3axBa/byjyhu MeTpuKaMa Koje Hoce MaJly KOJIMYUHY
vHdopMaliyja, aJlk ce 0] e 3HauyajHO pa3JMKyjy 10 METpHUKaMa Koje Hoce
3HaYyajHy KOJUYMHY HHopMalyja. [Ipumep cy npoieaype Koje UMajy caudaH 6poj
IeTJ/bH, TI03UBa IpoLeAypa, U CJIMYHE BPeJHOCTU OCTa/IMX CKaJlapHUX METPUKa,
aJIu ce o/ TpaXKeHe Mpolelype 3Ha4ajHO pa3J/IMKYyjy 0 METPULM Koja nmpebpojaBa

nojeauHe uHcTpykuuje (EIN).

[ToBehawe koMurHe HHPOPMALIUja KOje MOTY MO3UTUBHO YTHUILIATH Ha
NpolLiec paHrMpamwka MOKe J1a Cce U3BeJie rpynucakbeM CUM0O0JIa U MOPYKa y CKJIaZy
ca 3aBUCHOCTHUMaA Koje uaMelhy wux nocroje. 'pynucamwe cuM60j1a Yy KOHTEKCTY
nopehewa npoueaypa Moxe Jja ce nocMaTpa Kao HOBa MeTpUKa (FrOpHU JIEBU yrao
Ha Csiuka 6.20). Undopmanyje Koje Mory 6UTH A,0JAaTHO EKCTPAaXOBaHE Cy
3aBHUCHOCTH U3Mehy nojeJMHUX MHCTPYKIMja YHYTap npoueaype. JeAaH TakaB
IIpUMep Cy CeKBeHILe Y3aCTONNHUX UHCTPYKLHja pa3/IMYUTE AYKUHE, YUME Cce
JleJITUMUYHO U3/IBajajy U HHopMaIlyje 0 peocjiey UHCTPYKIHMja Koje HUCY

II0CTOjaJle HU y jeJHOj O NpeJIoKEeHUX MeTpHUKa. ['pynucame nopyka y
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KOHTEKCTY nopehema npoueiypa Takohe Moxe Jja ce mocMaTpa Kao yBoherwe HoBe
MeTpUKe Koja ce 1,06uja o7 BpeJHOCTU nocTojehux MmeTpuka Beher 6poja
npoueaypa (ropwu JecHu yrao Ha Ciuka 6.20). MHbopManyje Koje ce Ha Taj
HauMH MOTY eKCTpPaxoBaTH Cy 0AHOCU MeDy npoleaypaMa yHyTap jeJHOT
nporpama y uby no6osbliiama nopehema npoieiypa Ha OCHOBY HbUXOBOT
OKpyxema. [[puMepu cy KpaTKe NpoleAype Koje MPeBOAHUOLU Y TOKY

OI'ITI/IMI/ISaLII/Ije MOTy Aa yrpaze Ha MeCTO II03HBa.

6.3.1 OcHOBHM a/iropuTaM npeABubheH 3a eBajyanHjy TEXHUKA

OCHOBHHU aJIrOpUTaM ce cacToju oA ofpeheHnx Kopaka NpeI0>XKeHOT
NPUCTYI U NpeCTaB/ba OCHOBY Ha Kojy he 6uTu HajorpaheHe Texuuke. Of
KOpakKa KOjU I0CTOoje Y IpeJIOKEHOM MPUCTYIY YK/bYUYEHU Cy NTapCUpaAbeE,
oapebuBame BpeJHOCTH MeTPUKA, OJipehrBabe napiyjasiHUuX Mepa CJIMYHOCTH,
padyyHame TOTa/JHe Mepe CJIMYHOCTH U paHTMpame. Ba)kHO je HAIOMEHYTHU Ja
HUjeJiaH 0/] 3a/ipKaHUX KOpaKa IIpeiJI0KeHOT IIPUCTYIIa He 3aXTeBa IIPeTX0LAHO

3HameE.

HakoH napcupama ysasHux ¢ajnosa oapebhyje ce 6poj neTsbH, 6poj
MHCTPYKIIYja 3a NpeHocC nojaTaka, 6poj N03MBa CBAKOr 0/ I03MBaHUX
noTnporpama U 6pojeBU NojaB/bUBama 3a CBAKy O/ UHCTPYKI[Hja Koja ce
1ojaBJ/byje y IOCMATpaHoj poLeAypy. Bpeagnoctn MeTpuka ce Jabe KOPUCTe 3a
padyHame napuujaJHux Mepa cJIM4HOCTH. [Ipu ToMe ce 3a 6pojeBe no3uBa
KOPHCTH KOMIapaTop 6a3upaH Ha paHTUpamy, A0K ce 3a nopehewme 6pojeBa
[0jaB/bUBamba MOjeJUHUX UHCTPYKIMja KOPUCTU KOMIIapaTOp 3aCHOBAH Ha

o3HakaMa. Ha jo6ujeHe BpeJHOCTH NapLHjaJJHUX Mepa CJIMYHOCTH Ce Kao
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dopMyJia 3a pauyHame TOTaJIHe Mepe CIMYHOCTH NpUMebyje apuTMeTH4Ka
cpefuHa. Ha ocHOBY TOTa/IHUX Mepa CJIMYHOCTH TpaXkeHe NpoLeaype U

npoleaypa U3 6MHapHOT porpama paJii ce paHTUpae Mpoleypa U3 nporpama.

OcHOBHM aJIrOpUTaM je NPOLIUPEH ca [IeT TeXHUKa Koje UMajy 3a Lii/b
noBehame 0/131MBa U MPEU3HOCTH OCHOBHOT ajsroputMa (Ciuka 6.21). [IpBe aBe
TeXHUKe Cy IPUMemeHe HelloCpeJHO HaKOH Napcupama. [Ipeocrase Tpu TeXHUKe
pUMeleHe Cy Y KaCHUjUM dpa3aMa OCHOBHOT aJITOPUTMA, U TO peZioM, y TOKY
NPUKYIl/bakba METPUKA, HAKOH NIPUKYIl/bakba MeTPHUKa U HAKOH payyHama
napLyjaJHUX Mepa CIMYHOCTH a IIpe paHrupama. [IpBe Be TexHUKe QUATPUPA]Y
MHCTPYKIYje Koje paJie ca CTEKOM M MHCTPYKIUje 3a TpaHchep noAaTaka. Tpeha
TeXHUKa 3a/|p>KaBa J0AaTHe naplujasHe nuHopMaliyje o peiocaey UHCTPYKIHja
(npebpojaBa cekBeHIe MHCTPYKILMja ofpeheHe Ay>xuHe). YeTBpTa TeXHUKA
CUMyJIMpa yrpabuBame npoleypa Ha MecTy [103MBa, 3a LITa je HeoNxo/jaH rpad

N03MBa Koju ce $opMUpa y TOKY apcupamwa 6UHapHOT nporpama. [lera TexHuka

YnasHe
aToTeke

MeTpuke

P PauyHatbe
ToTanHe

CMYHOCTM

y

napuujanHux
Aopathe CAMYHOCTH
MeTpuke

EkcTpakuuja
MeTpuKa

Mapcupatrbe PaHrupatbe

| duntpuparbe NN S—
| cTek | ®untpuparse I
a MHCTPYKUMja | | WHCTPYKUMja Cumynaumi P

| 3anpeHoc | Bpojatbe
noparaka |

L Paarene | ceKkBeHumn
) WHCTPYKUWja

duntpupare |
{ pasnuunTux |
npoueaypa |

npoueaypa |

yrpahusarba | =
F ! CAMAHOCT MHCTPYKUMja

MpeanoxeHe TexHuke pad nosmea

Civka 6.21 OCHOBHH a/IrOpUTaM NpeyseT U3 NpeAJI0KEeHOr IPUCTyIa U NpoIpeH

npeajoXKeHuM TeXHUKaMaA.
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ozballyje U3 Jla/ber pa3MaTpama Npoleaype Koje ce o/ TpaxkeHe NMpoLeaype
3Ha4ajHO pasJ/IMKYyjy M0 MHCTPYKIMjaMa Koje ce y ’bbuMa KopucTe. HaBesieHe
TeXHHUKe Cy 00jallilbeHe Y HACTaBKY Y3 a/leKBaTHE IPUMepe KOju UIYCTPYjy

o4yeKHBaHe epeKTe Npe/JI0KeHUX TEXHUKA.

6.3.2 duaTpupame UHCTPYKIUja 3a paj ca CTEKOM

[IpBa TexHHKa je MHCIIMPHUCAHA PA3/IMYUTUM HaYMHUMa Ha Koje
NpPeBOUOLIM TeHEePUILY KO/, 3a IPUCTYI apryMeHTHUMa U JIOKaJIHUM
IIpOMEH/bUBUM. EJIMMUHAUjOM UHCTPYKILIMja KOje pajie ca CTeKOM, IIpBa TeXHUKaA
CMalbyje HeraTHMBaH yTHIAj KOjU Ha opehemwe npoueaypa MMajy pa3jiMuuTH
HA4YMHU pajia ca apTyMeHTHMa U JIOKaJIHUM IPOMEH/bUBUM. Je/laH IpUMep
pasJ/iMKa Koje HacTajy ycje/i pa3JIMuuTUX HauKMHa YIoTpebe cTeKa NpUKa3aH je Ha
Civika 6.22. Ha 1eBoj cTpaHU je IprMKa3aH KO/ KOjU je Ha MOYEeTKY CayyBao
BpeJHOCTH apryMeHaTa Ha cTeKy (STR UHCTpYKIMje Y Y4eTBPTO] U EeTOj IUHHUjH).
Kapa Te BpegHOCTH KacHUje 3aTpebajy, TeHepHlle ce KO/, KOjU UX JJOXBaTH ca
creka (LDR vHCTpyKIMje y LIeCTO0j, 0CMOj U JIeCeTOj IMHU A,0XBaTajy BPeJHOCTH
apryMeHaTa Koje Cy cauyBaHe Y YeTBPTOj U I1eTOoj JInHHUjU ). Ha AecHoj cTpaHu je
KO/, KOjU He 4yBa BpeJHOCTU aprymMeHaTa, Beh KopucTu cappxaje perucrapay
KOjuMa cy Ao6ujeHUu apryMeHTU. OBakaB NPUCTYI MOXKe OUTU U pe3yITaT
ONTUMMU3ALHje KOJla IPUKA3aHOT Ca JieBe CTPaHe, MOLITO Ce IPUMETH Jia Ce
BpeAHOCTU apryMmeHaTa y peructpuMa RO u R1 He Mmemwajy. Mako cy 06a
aceMbJiepcKa Ko/ia HacTasa mpeBohemeM UCTOT U3BOPHOT KO/1a, MapLiMjaiHa
CJIMYHOCT Y CKJIaJly ca METPUKOM Koja pebpojaBa nojaB/bUBakba HHCTPYKILMja

u3Hocu cBera 48%. HakoH 1ITO ce NpMMeHH NIpBa TEXHUKA U U3 Ja/ber
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pa3MaTpama OACTpPpaHE CBE HHCTpYKHHje KOje pajge ca CTEKOM, IOMEHYTa

napijajHa Mepa ce 3Ha4ajHo yBeha. [[prka3aHu npuMepH NpeiCcTaB/bajy

yJieaslaH cJay4aj 3a IpUMeHY NpBe TEXHUKE jep cy y 06a pe3yJiTyjyha KoJa ocTasne

MCTe UHCTPYKLH]je. [eHepasiHO, TO He MOpa /la BaXKU, ajlv ce o4eKyje Jia

3aHeMapHUBalbeM UHCTPYKIIHja KOje pajie ca CTEKOM CMamU 6poj pasyinka Mehy

ynopeheHUM npoleypaMa, Kao IITO je c/y4yaj IpU HOpMasIu3anuju koja [67]

STMFD SP!, {R11,LR}
ADD R11, SP, #4
SUB SP, SP, #0x18
STR RO, [R11,-0x18]
STR R1, [R11,-0x1C]
LDR R3, [R11,-0x18]
LDR R3, [R3,#8]

LDR RO, [R11,-0x1C]
ADD R4, R4, R3

LDR R3, [R11,-0x18]
LDR R3, [R3,#4]

IDR R3, [R3,#8]
ADD R4, R4, R3
IDR R3, [R3,#4]

1 1 1 0 2 S b
—t—t -+t SUB
12722 5 40 ppm
CAMYHOCT MHCTPYKLM]a ADD

' . LDR
SUB

Mpuje duntpuparba CTEK UHCTPYKLUM]aA

Mocne dpunTpmparba CTEK MHCTPYKLM]a

2,1
22—1 =100 %
CAWNYHOCT MHCTPYKUMja LDR

ADD

<{mmemme———) |

SP!, {R4,R5,LR}
SP, SP, #4
R4, [RO,#8]
R3, R3, R4
R5, [RO,#4]
SP, SP, #4

R4, [RO,#8]
R3, R3, R4
R5, [RO,#4]

Cauka 6.22 [IpuMep TeXHHKe 3aHeMapUBakha MHCTPYKIIUja 3a paj ca CTeKoM (npBa

TEeXHHUKA).

6.3.3 PusTpupame HHCTPYKIMja 3a IPEeHOoC noAaTaKa

Jlpyra TexHUKa je MHCIMpPHUCAHa pa3J/iMKaMa Koje HacTajy Kao nocjeauna

pPas/IMYMTHUX aJIrOpUTaMa ajloKaluje perucrapa. EfMMuHanujoM HHCTPYKIHja 3a

IpeHoC NnoJjaTaka u3Mehy pervucrapa cMamyjy ce U pa3JidKe Koje HAacTajy Kao

nociaeanna HEHOTpe6HI/IX Tpch<1)epa noAgaTaka HaCTaJ/JIuX 360T HEONTUMAJIHE
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asokanuje perucrapa. Ha sieBoj ctpanu Ciuka 6.23 npukasaH je Ko y KojeM ce
N0jaBJbyjy CyBUIIHE UHCTPYKIHje ycae] CyOONTHMaJHOT aJIFC0PUTMa ajloKalyje
peructapa [68]. Ha gecHoj ctpanu Ciuka 6.23 je nprka3aH Ko/l Y KOjeM je yMeCTO
peructpa R1 kopuuiheH peructap R5, na Huje 610 noTpe6HO ocsobahaTu
perucrtap R1, yume je octao cio6oaaH U RO perucrtap. Ctora je 6uso moryhe y
peructpy RO 3aAp:KaTy OPUTUHAJIHY BPEIHOCT ¥ KOPHUCTHUTH je 6e3 npebdalnBama

y peructap R4, yuMme je 1 peructap R4 octao c060/aH 3a Apyry HAMeHY.

STMFD SP!, {R4,R5,LR} IR

MOV R4, RO 5 =80% sTMFD SP!, {R4,R5,LR}
SuB SP, SP, #4 CAMYHOCT MHCTPYKLUMja SuB SP, SP, #4

MoV RO, R1 <{ssssssssmn)> LOR R4, [RO,#8]
LDR R3, [R4,#8] CANYHOCT TpaHCcdep MHCT. L2l R3, R3, R4

ADD R4, R4, R3 . LDR R5, [RO,#4]
LDR R1, [R4,#4] minB+2+23+2) _5 _ 5, SUB sp, SP, #4

SUB SP, SP, #4 max@+2+23+2) 7

Mpe dunTpuparba TpaHchep MHCTPYKUKja

C/AIMYHOCT MHCTPYKLMja
STMFD SP! 7 {R4,R5,LR} — STMFD Sp! 7 {R4,R5,LR}

SUB EETR =T CAVMYHOCT TpaHchep MHCT SUB SP, SP, #4
LDR R3, [R4,#8] * LDR R4, [RO,#8]
ADD R4, R4, R3 minQ2) Load ADD R3, R3, R4
LDR R1, [R4,#4] m—mﬂ% MHCTpyKumje LDR R5, [RO,#4]
SUB SP, SpP, #4 n63) . SUB SP, SP, #4
min(, store
max@3) =100% WHCTPYKUMje

Ciuka 6.23 [IpuMep npyuMeHe TeXHUKe 3aHeMapUuBakha UHCTPYKIMja 3a IPEHOC

nojaraka usMmeby perucrapa (gpyra rexHuka).

[Ipe npuMeHe pyre TEXHUKE BPeAHOCT MapliujajHe Mepe CIUYHOCTH
padyHaTa Ha OCHOBY METPHKE Koja pebpojaBa UHCTPYKIMje u3Hocuaa je 80%,

JlOK je BpeIHOCT MapldjajiHe Mepe CIMYHOCTH padyyHaTa Ha OCHOBY 6poja
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VMHCTPYKIIMja 3a IpeHoc nojaTtaka usHocuiaa 71%. HakoHn npumMeHe fpyre
TeXHUKe, npebpojaBaHe cy npeoctasne LDR v STR unctpykuyyje. [Ipu ToMe cy
VMHCTPYKLHMje 32 BULIECTPYKO YATawe NI0JaTaKa U3 MeMOpPHje U YIIUC NoJaTaKa y
MeMOpHjy padyyHaTe OHOJIMKO IyTa KOJIMKO ce [ToJaTaka yuTa/ynucyje. [Ipumena
Jlpyre TeXHUKe JloBeJia je 10 noBehawa BpeJHOCTHU NIOMEHYTUX NapLHjaJHUX Mepa
CJIMYHOCTHU. Y oniuTeM ciay4ajy nopehamwe napuujajsHux Mepa CJIMYHOCTH He Mopa
OUTH Kao y NPUKa3aHOM IIpUMepy, a/Iv ce 04eKyje JjJa TeXHUKa JOoNpUHece
3aHeMapHBamby pas/uKa Mehy npoueaypaMa HacTaJIMX HEONTUMaJHOM
ynotpeboM perucrapa. TexHuka Moxke momMohu U y cay4ajy kajia ce 6e3 norpebe

IIpaBY KONHMja apryMeHaTa y NOMONHUM perucTpuma.

6.3.4 C/IMYHOCT CeKBEHLM ONleparuoOHUX KOAOBA

Tpeha TexHUKa fJonywyje HeloCTaTKe MeTPUKa NpeJJI0XKeHOT IPUCTYyIa.
HauMme, HUjeiHa o/ Ipei/IoXKEHUX MeTPHKa HUje 3aJp:kajia HHGopMaLuje o
penociaeny MHCTpYyKLMja. TakaB IPUCTYI MOXe [ja JoBeJie 10 CUTyalHje Ja ce Be
IOTIIYHO pa3JIn4yUTe NpoLesype Koje ce cacToje 0 UCTUX UHCTPYKIHja, Apyradyyje
nopehanux, nporsaace uaeHTUYHUM. Ha Ciivka 6.24 npukasaHU Cy IpUMeEpPHU
npoleAypa Koje cy BeoMa CJIMYHe aKo ce I0CMAaTpajy MHCTPYKIUje Koje ce y ’hUuMa
110jaBJbyjy, a KOje IOTHUYY O/, IBA pa3/JIM4MTa U3BOpHA Koja. [locmaTtpajyhu
napuujajHy Mepy CJIMUHOCTU payyHaTy Ha OCHOBY MeTpPHUKe Koja npebpojaBa
nojaB/bMBakbha UHCTPYKIMja A0OUja ce peJlaTUBHO BUCOKA BpeHOCT o, 62%.
Tpeha TexHKnKa yBOM HOBY Mepy KOja y IOCMaTpaHOM IIpUMepY Jaje 3HaTHO
Mamy BpeJHOCT NaplyjajHe CJIMYHOCTH, cBera 20%, IITo pe3ysTyje y HUXKeM
paHry npoueaypa Koje He IOTU4YY OJ, U3BOPHOT KoJia TpaxkeHe npoueaype. Hosa

Mepa ce cacToju 0/ 6pojeBa MojaB/bHBaba CEKBEHIIM CYKLIECUBHUX UHCTPYKIHja
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oapebeHne ayxuHe. [ly>krnHa Moxe J1a 6yJie 6110 KOju pupo/aaH 6poj. Behe
BpeIHOCTH 33/|p>KaBajy Bullle UHPOpPMaIHja, ajik yjeJHO CMakbyjy OTIIOPHOCT Ha
ozpebeHe u3MeHe Koje HacTajy y npolecy npeBohemwa koja. Y npuMepy Ha Civka
6.24 ofabpaHa je ay>krMHa 2. BaxkHo je HanmoMeHyTH Jia ce 6poje cBe Moryhe
CeKBeHlle CYKLleCUBHUX UHCTPYKLHja ojlabpaHe JyKUHe (CYKLleCUBHe CeKBEHIIe ce
NpeKJanajy, kao To ce Moxe BuJieTH Ha Ciuka 6.24). Oarosapajyha napuujanza
Mepa CJIMYHOCTH, Ha3BaHa CJIMYHOCT CeKBEHIIM ONepallMOHUX KOJI0Ba, ce J00Hja
IPUMEHOM KOMIIapaTopa 3aCHOBAHOT Ha O3HaKaMa, IpH YeMy Ce 03HaKa CacTOju
OJi UHCTPYKIMja U3 CEKBEHLe y HeM3MelheHoM pepocaeny. CivyaH npuctyn BubeH
je y IpUCTyMy Koju je mpeaJsioxeH y Santos et al. [15], c passinkoMm wTo ce 3a
nopehemwe BpeIHOCTU METPUKE KOPUCTU KOCUHYCHA cIMYHOCT. Takohe Tpeba
IIPUMETHUTH /1A je CIMYHOCT CeKBEeHIIY ONepallMOHUX KOZ0Ba 3a CeKBEHIe AyKUHe
jelaH MCTO IITO U CIMYHOCT Ha OCHOBY MeTPHKe Koja IpebpojaBa 110jaB/bHUBakba

NOjeJUHUX UHCTPYKLHYja.

+

— | —
+
.—‘o
0 | —
+
—_ | —

=62%
4

P1:SY pUusH IR CnnyHOCT MHCTPYKUMja p2:%4 PUSH IR
S2[| apD R2, R1, RO S5[| suB RO, R2, RO
= SUB RO, R2, R3 C/IMUHOCT CEKBEHLIM AyKUHE 2 53 SUB RO, R1, RO
POP PC POP PC
D P D
0 0100

Cauka 6.24 [IpuMep npuMeHe TeXHUKe 6pojarba CeKBEHIM ONnepaluoHUX KOJ0Ba

(Tpeha TexHuKa).

6.3.5 Cumysianmja yrpabuBama nponeypa Ha MeCcTy I03UBa
YeTBpTa TeXHUKA Ce OJHOCHU Ha pa3JyiMKe KoOje HACTajy ycie[ yrnoTpebde

pPa3/IMYUTHUX XeyPUCTHUKA 3a OJJIy4MBakbe 0 yrpahuBamwy npoueaypa Ha MecTa
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no3uBa [69]. TexHuka je npeaBubheHa 3a cay4aj Kaja je/jaH IpeBoAUJIal, TeHePHILE
KO/| y KOjeM je HeKa nmpoueypa yrpaheHa Ha MecTUMa NO3UBA Te NPOLEAYPE, 0K
Jpyry npeBoAuWJalL, ocTaBU nosuse. [Ipouiesypa Koja ce yrpaiu Ha MecTa 103MBa
Hajyeurhe Bullle HUje IPUCYyTHA Y IOCMaTPAaHOM GMHApPHOM IIpOrpaMy jep je ’eHo
Tesio Beh yrpaheHo ymecTo cBUX 0o3UBa Te nmpoleype. YeTBpTa TEXHUKA
cUMyJIMpa NpoLeaype Koje ce yrpahyjy Ha MecTy M03UBa TaKo IITO arperupa
BpeJHOCTH MeTpHKa I03uBajyhe U Mo3MBaHUX Npolesypa. MeTpuke ce
arpervpajy Tako IITO ce Ha BpeJJHOCTH MeTpHKa [103uBajyhe npoueaype Aozaajy
BpPeJHOCTH MEeTPUKA CBUX MpOLe/lypa Koje Cy M03UBaHe, IPU YEMY MeTPUKE CBaKe
npoueaype Z0/1a OHOJMKO IyTa KOJIMKO MyTa ce Ta IpoleAypa 10o31Ba U3
nocMaTpase npoueaype. [lopes fogaBawa MeTpUKa O3WBAaHUX NPOLEAYPA,
MeTpHKe No3rBajyhe nporneaype ce KOPUryjy 3a CBaKU paHUjy IIO3UB jep BUIle He

HOCTOjI/I n0Tpe6a HH 3a ITIO3WBOM IIOTIIPpOTr'paMa HH 34 IOBPATKOM M3 IIOTIIpOTrpaMa.

[IpuMep nprMeHe MeTpHKe NpUKasaH je Ha Ciivka 6.25. Ca sieBe cTpaHe
NpUKasaHa je Npoleaypa y Kojy je npeBojuaal Beh yrpaZjvo jeiHy NO3UBaHY
npoueaypy. Y ropmeM eCHOM JeJly IPMKa3aHa je opuruHa/zHa npouyeaypa P1 koja
nosusa npoueaypy P2, Takohe nprukasaHy Ha cIMLU. Y LOHEM JECHOM YTy
IIpYKa3aH je CKyNl MHCTPYKIYja Koje epeKTUBHO OCTajy HAKOH IPUMeHe 4YeTBpTe
MeTpuKe. [[puMeHOM TexHMKe y OCMaTpaHOM CJy4ajy napluyjajHa Mmepa
CJIMYHOCTHU ce yBehasia 10 MakCMMyMa, IITO y OMLITEM CJy4ajy He Mopa Jja Baxu. Y
c/ly4dajy la HeKU peBoAUIalL, paAu yrpahuBame npoueaypa He MeCTO [1031Ba y
BUIlIe HUBOA, TaZa OU MOCMAaTpPaHy TEXHUKY OUJI0 J0OpO IPUMEHUTH Ha

npoueaype Koje ce y rpady nosusa Hajase J0 ogpeheHe aybrHe y ogHOCY Ha
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n03uBajyhy npouezypy, YuMe ce MOKe KOHTPOJINCAaTH BeJIMUMHA OKOJIMHE

npoleaype Koja ce KOPUCTHU NpU nopehemwy Te npoueaype ca HEKOM IPYyTroM.

TpakeHa npoueaypa

Pl: PUSH LR
BL P3
ADD R2, R1, RO
SUB RO, R2, R3
POP PC

1 1

1 1 0 0 1
S S
1 1 1=60%

5

CANYHOCT MHCTPYKUMja

P2 He yyecTByje y pauyHatby
Pl: PUSH LR
BL P2 — P2: PUSH LR
POP PC BL P3
ADD R2, R1, RO
SUB RO, R2, R3
POP PC

Mpwuje cumynaumje yrpahusatrba npoueaypa

Mocne cumynaumje yrpahusarba npoueaypa

CANYHOCT UHCTPYKUMja

Pl: PUSH LR
BL—P2
POP PC

P2: PUSH LR
BL P3
ADD R2, R1, RO
SUB RO, R2, R3
POP—PC

P2 edpeKkTUBHO yyecTByje y payyHarby

Ciauka 6.25 [lpuMep npyMMeHe TeXHUKe CUMYJIalyje yrpahuBama npoueaypa Ha

MecCTO N03MBa (4YeTBPTA TeXHHUKA).

6.3.6 PuiiTpUpame 3Ha4ajHO pa3/IMYUTHUX Npoueaypa

Bucoko ancTpakTaH npoiec nopehewa 1 U3MeHe Koje HacTajy y npouecy

npeBohewa A0BOJE [0 CUTYalldje Jja ce MpoLeaypa Koja He IOTUYE 0/ U3BOPHOT

KOJla TpakeHe Mpoleype Nporaacy CIMYHUjOM O/ TpoLieype Koja MoTHYE O/,

M3BOPHOT KO/la TpaXkeHe npoieaype. Passor ToMe je mtTo BehrHa napryjajinux

Mepa CJIMYHOCTH KOje HoCe MaJsly KOJIMYMHY UHopMaLuja, 6yly BeJHUKe U

JIOMHUHAHTHE HaJ, MaJIMM OpojeM NapLujaJHUX Mepa CIMYHOCTU KOje HOCe BEJIUKY

KOJIMYMHY UHPOpPMallMja ¥ cyrepuilly Jia mocMaTpaHa npoleaypa Mammbe

BepOBATHO NOTHYE 0J1 U3BOPHOT KOJja TpaxkeHe npouenype. [[pumeHoM nete

TeXHUKe Moryhe je y6J1a>KUTH OBy aHOMAJIUjy TaKo LITO ce oJpeheHe npoueaype

Ipe paHTUpaka eJUMUHUILY U3 Aa/bel pa3MaTpama. [Ipoieaypa ce eTMMUHHUILE

13 pa3MaTpama YKOJUKO je BpeJHOCT NapliujajHe Mepe CJIMYHOCTH, payyHaTa Ha
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OCHOBY MeTpHKe Ko0ja npebpojaBa MojaB/bMBakba UHCTPYKIHUja, Makba O yHANpes,
ofabpaHe BpegHOoCTU. Ha Taj HauUMH ce U3 pa3MaTpamwa o/6alyjy npoueaype Koje
ca BeJIMKOM BepOBaTHONOM He IOTHUYY 0/ U3BOPHOT KO/Jia TpaXKeHe Npoueaype.

[IpruMep npuMeHe neTe TEXHUKe NIpUKa3aH je Ha Ciuka 6.26. Y faToM npumepy

P2 je paHrupaHa Kao 1.y cknagy ca TotanHom canyHouwhy, P1 je paHrupaHa Kao 2.y cKnagy ca ToTanHOM
anu je opgbayeHa ycnen mane CAMYHOCTU UHCTPYKLUWjA cnnyrowhy, anu je HakoH dunTpupara P2 nocrana 1.
~N ~ . 7
~ 7
S e Pl: PUSH LR
P2: Pus;l\ IR 7 - PL Esad
- wite ADD R2, R1, RO
o s S SUB R2, R2, R3
- ~ N BL check_overflow
7 SO POP  PC
P >

TpaskeHa npoLeaypa - |
CnnuHoct 6poja netbu min( 0,0) 100 % min( 0,0) _ 100 %
* L1V A — = o
max( 0,0) | max( 0,0)

I CHWHOCTTEaHCﬁeﬁ MHCT. I min( 2,2) ~100% | min( 2,2) —100%
max( 2,2) J_ max( 2,2)

P1: PUSH IR c ‘ 1,1,0.0.1 | 1,1
BL read l JINYHOCT VIHCTﬁ‘KiVI a I I I T T I I 5 I I I
ADD R2, R1, RO fZGO% | fzgo%
SUB R2, R2, R3 T T
POP PC 1 ]_ 1 0
CnnyHocT 6poja nosusa 1 n + T
* 1= 100 % | =50%
ToTanHa cauHoct 100%+100%+60%+100% | 100%+100%+90%+50%
Cee———)> n =90 . —85%

Cauka 6.26 [lpuMep NpuMeHe TEXHUKE KOja U3 pa3MaTpama eJIMMUAHUIIE
npouejype Koje ce o MHCTpYKIMjaMa 3Ha4ajHO pas3/IMKyjy oJ TpaXKeHe npoueaype

(meTa TexHUKa).

rpaHMLa 3a ojbanBame je nocraB/beHa Ha 70%. Ha npumMepy ce BUau fa je npe
IpUMeHe TeXHUKe npoueaypa P2, Koja He TOTUYe 0, U3BOPHOT KO/la TPaXKeHe
npoueaype, 6uja paHrupaHa ucnpes npoueaype P1 koja noThye oJf U3BOPHOT

KOJla TpakeHe npoueaype.
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6.4 EBasiyanuja npeajiokeHUX TEXHUKA

[lu/b eBasiyalyje jecte fa ce UCIIMTA AONPUHOC TEXHUKA U [jJa C€ OCHOBHU
aJIrOpUTaM NPOLIMPEH TeEXHUKaMa yrnopeJy ca nocrojehuM npuctynuma u
ajaTvMa. 3a nopeheme he ce oBaj nyT KOPUCTUTH NPUCTYIIN KOjU pajie HAJ,
OMHApHHUM KOJZOM JUPEKTHO, 0K he npeacTaBHUK nocTojehux asnarta 6UuTH
npejJioXKeH! MPUCTYII KOjU je Aao Behu 043UB 0/ CBUX ynopeheHux nocrojehux
asiaTa. 3a pasJMKy oJ nopehema npezsioxkeHor NpUcTyna ca nocrojehuM ajatuma,
3a oflabpaHe nocrojehe npucTylle He IOCTOje aleKBaTHH a/IaTH, 1A Cy 300r Tora 3a
norpebe nopehemwa UMIJIEMEHTHPAHU AITOPUTMH KOjU Cy OIIMCAHU Y
oarosapajyhum pagoBuma. 3a nopehemwe cy kopuirthenu ciaeaehu npuctynu: ACD
(CD), Binary Analysis Tool - BAT (LV1), npuctyn npejJioxkeH y oBoM pazy (LV2),

Opcode sequence (MD) v npuctyn koju npeajaxe Dullien (VA).

EBasiyanyje je cipoBe/ZijeHa KpO3 TPY €eKCIIEPUMEHTA, [IPU YeMy Ce CBaKU
cacrtoju oz Beher 6poja TectoBa. Mako NpUCTYNH U a/1aTH KOjU ce TIopeje
NpuUIazajy pasJMdUTUM JOMEHUMa, NpeJBuheHH cy 3a paj, o/ pa3JIu4uTUM
OKOJIHOCTHMMaA U UMajy pas3/IMyrTe ajaTe, y eBajyalllju cy CBU KopUuinheHH Ha
VICTY HA4MH, Y CKJIaJly Ca OCHOBHUM LIMJbeM OBOT pazid. TeCTOBU Cy IpUIIPEMJ/beHHU
Ha MCTHU HA4YMH KA0 Y IIPY eBaJlyaliUju NpeJJIoKeHOT IPUCTYIa, KopUucTehn UCTUX
IeT NpeBOoANJIaLa ca YeTUPU pa3IMYMTa ONTHMHU3alMOHA HUBOA: HAjMakbU HUBO
ONTHMMM3al1ja, HajBULIM HUBO ONTUMHU3all1ja, ONTUMHU3alLMja 32 OP3UHY U
onTHUMMU3aLHUja 3a npoctop. CBaku TECT Cce cacToju 0/ jeiHe poLeAype Koja ce
TPaXXU U CKyIa npoueaypa Mehy kojuMa ce CUTypHO HaJla3y npoleypa Koja

NOTHUYE 0/ U3BOPHOT Ko/Zla TpaxkeHe npolueaype. CKyn npoueaypa 1o npaBuay
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IpuIaja jeJHOM GMHapHOM IpOorpamy, a Cy CBe IpeBeJieHe Ha UCTU HAuMH.
[Iponiecu npeBohemwa TpaxkeHe MpoLeAype U CKya IpoueAypa Cy HE3aBUCHU U
IIPOU3BOJbHU YHYTap NOMEHYTHX ajlaTa U HUBOa onTUMHK3anuja. OCHOBHA pa3J/ivKa
y IpUINIPEMU TeCTOBaA je IITO CBY NPUCTYNH KOjU Ce KOPUCTE y HapeJHUM
eKCIlepMMeHTHMa Ha y/1a3y 04eKyjy OMHapHHU KOJi, EBEHTYAJHO Y

JAucaceMb6upaHoM 06/1MKy. Tabesa 6.4 nprka3lyje OCHOBHE KapaKTEPUCTUKE

E€KCIIepuMEeHaTa.

Ta6es1a 6.4 [IpyKa3 OCHOBHUX KapaKTepPUCTHKA eKCcllepyuMeHara.

s > ‘S o
) T ] a 2 0 o © @ a s
s 3 = o = E e = r 2 = §
= £ C Q = x o o = T = X o
o 3 > 0 5 o o 8 o o 7 & ®© =
) - o ] @ 9 o o
c s Q o X = o - g_ e (= Q T = a
G e = @ @© O 0 o o G @ o o rc
X o a n o Q n o E Q X Q o o
i} X C S - C S £ x n o E ©c £ 2
1. npeanoXKeHun STAMP STAMP 1510 285
2. noctojehn n
STAMP STAMP 1510 285
npeaaoXeHn
3. nocrojehu n
MatrixSsl BusyBox 1532 1949
npeaaoXeHn

[IpBa /iBa ekciepyUMeHTa U3BeJieHa Cy HaJ, TeCTOBUMMAa GOPMUPAHUM O/ IET
nporpama STAMP okpyxema Koju JeJie oJipeheHu CKyIl Mpoleaypa U UMajy 3a
LIUJ/b 1a OATOBOPE Ha UCTPaXKUBayKa NUTama. [[pBu ekcnepvMeHT MMa 3a IUJ/b A3
O/IFOBOPU Ha UCTpaKMBauKa MUTame 4. U 5. Koja IUTAjy Aa Jid IPUMEHa CBaKe 0/
TeXHUKa M0jeJUHAaYHO AOoNpUHOCU oBehawy 0/j3UBa U /1a JIM Ce MPUIUKOM
NpUMeHe CBUX TEXHHUKA 3aje/IHO M0jaB/byje CHHEPTUCTUYKU edekaT. [lpyru

E€KCIIEpUMEHT Tpe6a Aa OATOBOPH Ha nocjieAmkbe UCTPAXKKWUBAYKO ITUTamkbE KOje
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VCIIUTYje Jia JIM OCHOBHHU aJITOPUTAM NPOLIMPEH Npe//IOKeHUM TeXHUKaMa Jiaje
Haj60J/bU pe3yJITaT y norJeay o43UBa, npequsHocTu U F Mepe. Tpehu
eKCIlepuMeHT NpeJcTaB/ba BepudUKalLUjy APYror eKCliepuMeHTa U U3Be/JIeH je
HaJi TeCTOBMMaA KOjH IIpeICTaBJ/bajy peaJslaH CJly4aj ynorpebe 6UbJIMOTEKE
MatrixSSL, u3ate noj JBOCTPYKOM JIMI|EHLIOM, YHYTap cOQTBEPCKOT NaKeTa

BusyBox.

6.4.1 Exkcnepumenr 2.1

[IpBU eKCIepuMeHT je U3BeJleH TaKO LITO Cy MEPEeHU O3UBH OCHOBHOT
aJITOPUTMA, IPBO 0€3 TeXHUKA, a 3aTHUM y3 [j0[aTaK CBaKe OJf TeXHUKaA
1ojeJMHAYHO Y HA Kpajy ca CBUM TeXHMKaMa 3aje/jHO. 3a noTpebe rpaHulie 3a
oZbalMBambe NpoleAypa y NeToj TEXHUIM UcipobaHe cy cBe BpeaHocTH oA, 0% 10
100% ca kopakoM oz, 1%. Hajsehu oA3uB y ciy4ajy Kazia ce mocMaTpa caMo IpBa
N03UIMja MOCTUTHYT je 3a BpeAHOCT 71%, ¥ Ta rpaHuLia je oJabpaHa 3a yroTpeoy
y IpeocTaJiMM MepewmuMa U ekciepuMeHTUMa. Ha Ciivka 6.27 npukasaH je o,3UB
KOjU NOCTHKEe OCHOBHU NPUCTYN 6e3 TEXHUKA U 3a CBAKY OJF TEXHUKA
nojeAMHAYHO, CBe ¥ 3aBUCHOCTHU 0/1 6poja Mo3ulHja Koje ce mocMaTpajy. AHaiu3sa
NpHKa3aHUX pe3yJTaTa Il0Ka3yje Jla CKOpO CBe IIpe/iJIocKeHe TeXHUKe nosehasajy
O/13UB OCHOBHOT aJITOPUTMA. 32 04YE€KUBATH je [ja JONPUHOC TEXHUKEe 3Ha4yajHO
3aBUCH O] BepoBaTHONe Jja ce CMTYyalH1ja 3a KOjy je TeEXHUKA HaMeHeHa 3a1UcTa U
Joroau. Y ckaaZy ¢ TUM, GUJIO je 3a 04EKHUBATH Jja IpBa TeXHHWKA UMa HajBehu
JIONIPUHOC jep BehrHa nponefypa MMa napaMeTpe. YeTBpTa TeXHHKa je ciaeseha
Haj60J/ba TEXHMKA, IITO Cyrepulle a ojJyKa 0 yrpahuBamwy npolejype y BeJHUKO]
MepH 3aBUCH 0 Ipolieca NpeBohema. JeJUHa TeXHUKA YHjH je JONPHUHOC yIIUTaH

KaJia ce IpMMeHU CaMOCTAJIHO je Apyra TexHUuKa. [lo3uTuBaH AONPUHOC OCTBapyje
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caMo y cy4ajy KaZja ce mocMaTpa npBa nosuuuja. Mnak, Ha Ciuka 6.28 nprkasaHu
Cy OZI3UBU OCHOBHOT aJIrOpUTMa 6e3 TeXHHKa, ca CBUM TeXHHWKaMa OCHUM Jipyre
TeXHHUKe U Ca CBUM NpeJlJIOKeHUM TeXHUKaMa. Moxe ce IPUMETUTH /i je OJI3UB
6e3 pyre TeXHUKe MakbH 0Jf O/43MBa KOjH Ce MOCTHXKe ca CBUM TeXHUKaMa, IUTO
BO/IM 3aKJ/bYUKY /la M ipyra TeXHUKa UMa 0O3UTHBAH JJONPUHOC aKO Ce IPUMeHHU
nocJjie npeocraje 4yeTupu Texuuke. Takobhe, ca Ciuka 6.27 u Ciuka 6.28 ce BUau 1
Jla OCHOBHH aJITOPUTAM IIPOLIMPEH CBUM TeXHUKaMa IOCTHXKe Behy 0/13UB Hero
Ka/ia ce MPOILUUPH ca OMJIO KOjOM OJ Ipe/i/I0KEeHUX TeXHUKA nojeguHa4Ho. lllTa
BUIIIe, IPUMEHOM CBUX TEXHHKA 3aje/JHO IIOCTHXKe Ce U CHHEPTUCTUYKHY edekarT, na
je on3uB Behu 3a 6.7% 110 9.3% y ogHOCY Ha 36Mp JONPHUHOCA KOje UMajy

NojeAMHaYHe TeXHUKe aKo ce ITocMaTpa [0 NpBUX eT N03ULHja.

100
90 TexHWKa 1 duntpuparse
CTeK UHCTPYKLMja
80
TexHWKa 4 cumynauymja
70 1 yrpahusara npoueanypa
—. 60 -
X TexHuKa 3 bpojarbe
% 50 CEeKBEHLM MHCTPYKLH]
S
40 A
TexHUKa 5 puntpuparse
30 pasnnuuTMX Nnpoueaypa
20
TexHuKa 2 dunTpupare
10 TpaHcdep MHCTPYKUUja
0 T T T T T T T T T T T T T T T T T T OCHOBHM anropMTaM

1 23 456 7 8 9101112 1314151617 18 19
Bbpoj nocmatpaHux nosuumja

Cavka 6.27 03B KOju OCHOBHHM aJITOPUTAM MOCTHKe 6€3 TEXHUKA U €A CBAKOM 0],

TeXHUKA NojeJUHAYHO, Y 3aBUCHOCTH 0/, 6poja mo3unuja Koje ce mocMartpajy.
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100

90
——

80 f

70 OcCHOBHM anroputam

% / Ca CcBMM TeXHMKama

OCHOBHM anroputam
Ca CBMM TEXHWUKama

Oas3ue[%]
w
o

40 / 13y3eB TEXHUKE 2
30 OCHOBHM anropuTam
20
10

0 T — T T T — T T T T T T T T T

1 2 3 45 6 7 8 9 101112 13 1415 16 17 18 19
Bpoj nocmatpaHux nosuumja

Cnuka 6.28 03UB KOjHU NOCTHKE OCHOBHH aJITOPUTaM 6€e3 TeXHHKA, CA CBUM
TeXHUKaMa OCHM Jpyre U ca CBUM TeXHHKaMa, CBe Y 3aBUCHOCTH 0/ 6poja mo3uiyja

Koje ce IocMaTpajy.

6.4.2 EkcnepuMmeHT 2.2

Y I pyroM eKcliepyMeHTY ynopeheHe cy MMIJileMeHTaluje nocTojehux
IPUCTYIa, HallpaB/beHe 3a NOTpebe OBOT paZia U OCHOBHOT aJITOPHUTMaA
NPOIIMPEHOT CBUM NpeJJIOKEeHUM TeXHUKaMa. EKclieprMeHT je U3BeJleH Haj
TeCTOBUMaA 3aCHOBaHUM Ha STAMP okpyxemy. O3UBH CBUX IPUCTyNA IPUKA3aHU
cy Ha Csivka 6.29. OcHOBHHU asropuTaM noctuxe Hajeehu og3us. [locMaTpajyhu
caMo NpBY NO3ULH]Y, 03UB je 53%, A0K Beh 3a mocMaTpame NpBe JiBe N03ULHje
0/13UB pacTe Ha 71%. Tpeba NpuMeTHUTH [ia je yBohemwe TeXHUKA [jaJ10 3HATHO
60Jbe pe3yJsITaTe U O pe/JI0KEHOT NPUCTYyNa KOjH je 6M0 Haj60/bH IpU

nopehewy ca nocrojehum anatuma. Takohe, npumehyje ce fa npuctyn o3HaueH ca
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VA vMa o/131B caMo aKo ce IocMaTpa IpBa WJIM MpBe JBe no3unuje. Pazsor Tome je
IITO IOMEHYTH MPUCTYT He oApeDhyje ciinuHocT, Beh camo ynapyje nponeaype, na

Ceé paHrvupame Ko TOT MPpUCTYIla CBOAHW HA CaMO IIPpBeE ABeE noanunje.

100
90
80

70

0a3ue [%]
5

0 %
20 +o—t ———
10 e

0 =

—CD 23(34 /38 |41|43 45|47 (48|49 |50(51|52|53|54|55|56 (56|57 |58
——MD |1.|3. |5 |6.|7./8 |9./11|12|13|14|14|15|16 (17|18 |19|20 |20
—— VA 20| 20
——\LV1l |27|38|41|43 /45|46 |47 4849|5051 |51 |52 |53 |53 |54 54|55 |55
—LV2 |36|51|56|59|61|63|65|66|68|69|70|71|71(72|72|73|75|75 |75

OA+T|53 |71 |75|77|79|80|80|81(82(82|82(82|83|83|83|83|83|83(83
——OA |31|44|48|52|54|56|58|59|60|61|62|63|63|65|66|67 68|69 |70

Bpoj nocmatpaHux nosuumja

Cavka 6.29 0a3¥B OCHOBHOT a/ITOPUTMa NPOILIUPEHOT TEXHUKAaMa U 04a6paHux
nocrojehux npucryna, ciyyaj STAMP (AO+T - 0OCHOBHM a/ITOpUTaM NpoLIMpeH
TexHukKama, OA - ocHoBHM asiropuTtaMm, CD - ACD, LV1 - BAT, LV2 - npeaji0KeHHA

npuctyn, MD - Opcode sequence, VA - Dullien).

Ha Csnuka 6.30 npuka3saHe Cy KpUBe Koje NpeJCcTaB/bajy 04HOC
Npenu3HOCTU U 043uBa. UcTruuy ce aBa npucrtyna. [IpBu je o3Ha4yeH ca VA

(npuctyn npeanoxe of Dullien) v 3a wera ce npuMehyje ja ©Ma U3y3eTHO
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BUCOKY NpenU3HOCT oJ 4ak 85%, aiv 3HaTHO MawU 0/13UB oJ cBera 20%. [lpyru

IPUCTYI KOjU Ce UCTHUYE je OCHOBHU aJITOPUTaM NPOLIMPEH TEXHUKAaMa KOjU

100
90
L 2
80
70
—_ ——CD
£ 60
5 —— MD
5 50 ——VA
=
§. 40 Lv1
30 ~ N\ —1LV2
\\ OA+T
20 \\ \\
——O0A
10
0 | ———————————— -

0 20 40 60 80 100

0Oas3ume([%]

C/sinka 6.30 3aBMCHOCT NPELM3HOCTH O, 0A3MBAa OCHOBHOT aJITOPUTMA NPOLIMPEHOT
TexXHUKaMa U nocrojehux npucryna, ciayyaj STAMP (OA+T - OCHOBHM a/iIropuTam
npoumupeH texHukama, OA - ocHoBHHY aiaropuram, CD - ACD, LV1 - BAT, LV2 -

npejsoxxeHu npuctyn, MD - Opcode sequence, VA - Dullien).

NOCTHXe HajBehy npenusHocT oz, 53% 3a UCTO TONMKHU 0/3UB. Takohe BaxkaH
pes3yJTaT je U npen3HocT of, 37% 3a 043uB o/, 71%, 1mTo 3Hauu Aa je moryhe
Hahu Bulle of 2/3 TpaXKeHUX NMPOIeAYpPa, a ia ce MPH ToMe Bulie oz 1/3
eKCIepTCKOT BpeMeHa YTPOILU Ha BepudUKaLU]jy Aa poLeaype NOTHYY O UCTOT

HW3BOPHOT KOJ4, HITO je N3 yrJia eKCliepTa U3y3€THO BEJIMKaA nomoh.
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70

60

50

40

30 A

F-mepa [%]

20 A

10

—CD 23122|19(16|14|13|12|11|9.(9. 8. |8.|7.|7.|6.|6.|6.|6 |5.
=MD | 1. (2. |2 (2. |2, |2.|2. 2. (2. |2 |2.|2.|2. 2. |2.|2.|2.|2. |2
—— VA 32|32

——\Lvl |27|25|20(|17|15|13|12|11|9.|9.|8.|7.|7.|7.|6.|6.|6 |5.|5.
——LV2 |36|34|28|24|20|18|16|15|14|13|12|11|10|9.|9.|8.|8.|7.|7.

OA+T|53 (49 (40(35|31(28|25(24(22(21|20(19|18|18 |17 |17 |16 |16 |16
——OA |31|29|24|21|18|16|14|13|12|11|10|9.|9. (8. |8.|7.|7.|7.|7

Bpoj nocmarpaHux nosuuuja

Cauka 6.31 F Mepa OCHOBHOT aJIFTOPUTMa NPOLIUPEHOT TEXHUKaMa U NIocTojehux
NMPUCTyMa y 3aBUCHOCTH 0/ 6poja no3uiMja Koje ce mocMarTpajy, caydaj STAMP
(OA+T - OCHOBHHU a/ITOPpUTaM NPOMIUPEH TeXHUKaMa, OA - o0CHOBHM ajaropuram, CD -

ACD, LV1 - BAT, LV2 - npepjioxxenm npucrtyn, MD - Opcode sequence, VA - Dullien).

Ha Ciuka 6.31 je npukasaHa F Mepa KOjy IOCTHXKY OCHOBHH aJICOPUTAM
NpoLIMpPEeH TeXHUKaMa U ocTasiu noctojehu npuctynu. Hajsehe BpegHocTu
NOCTUXKe OCHOBHH aJICOPUTaM NMPOLIMPEH TEXHUKaMa 3a CBaKU 6p0j MocMaTpaHUX
nosuuuja. Hajsehy BpegHocT F Mepe nocTuxe ako ce mocMaTpa camo npBa
N03M1Hja, IITO Cyrepulle a ce Haj6o/bu edpeKaT 0 NUTawy O6poja HaheHUx
npole/ypa v yTpollKa BpeMeHa eKcliepTa NOCTHKe 6all y ToM cayuajy. Apyru

Haj00J/bU MPHUCTYII je MpeJ0KeH! NPUCTYN (KoHbUTypalivja Koja je KopultheHa
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3a nopeheme ca nocrojehum anaruma). [lpuctyn o3HaveH ca VA ce y norsieny F
Mepe He UCTUYe UAKO MOCTHKe BEJTUKY MPELU3HOCT LITO je MOoC/IeAUla PeJJATUBHO

MaJIor 0[i3WBA TIOMEHYTOTI NMMPUCTYIIA.

70

60

50

N e
N

10

F,-mepa [%]

—CD 23|28 |27(25|24|22|21|20|19(18 |17 |16(16|15|14|14 |13 |13 |13
——MD | 1.(3.(3.(3.|4. 4. |4 4.4 |4 |4 |4 |4 |4 |4 |4 4. |4 |4
——VA 23|23

——\LVl |27|31|29|27|25|23|22/20|19|18 |17 |16 15|15 |14 |13 |13 |12 |12
——LV2 |36|42|40|37|34|32|2928|26|25|23|22|21(20(19(18 |18 |17 |16

OA+T|53 |60 |56 |52 |48 |46 |43 (41|39 (38|36 (35|34|33|33|32(31|31/30
——OA |31|37|35|32/30|28|26|25|23|22|21|20|19|18 |17 |17 |16 |16 |15

Bpoj nocmatpaHux nosuumja

Cnuka 6.32 F; Mepa OCHOBHOT a/IFTOPUTMaA NPOLIMPEHOT TEXHUKaMa U mocTojehux
NPUCTyIa y 3aBUCHOCTHU 0, 6poja NO3ULMja Koje ce mocMaTpajy, ciaydaj STAMP
(OA+T - OCHOBHHU a/ITOPpUTaM NPOMIUPEH TeXHUKaMa, OA - o0CHOBHM ajaropuram, CD -

ACD, LV1 - BAT, LV2 - npepJjioxxenm npucrtyn, MD - Opcode sequence, VA - Dullien).

Ha Csnvka 6.32 je npuka3aHa F2 Mepa OCHOBHOT aJITOPUTMa MPOLUUPEHOT

TeXHUKaMa U nocrojehux npucryna. Y norseany Fz Mepe npezJjioxKeHe TEXHUKE Ce
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jour Buie uctudy. Mnak, kazia ce ja npeHOCT OJI3UBY, IITO F2 Mepa U pajy,

HajBeha BpeJHOCT ce MOCTHXKe KaJja ce IOCMATpPajy NpBe JIBe MO3UIHje.

6.4.3 ExcnepumeHT 2.3

Y TpeheM ekcrieprMeHTY IOHOBJ/bEHO je mopehewe UMIIeMeHTalL ja

nocrtojehux npucTyna Koje Cy 3a OBy NIpUJIMKY HallpaB/beHe U OCHOBHOT

AJITOPUTMA IPOLMIHUPEHOT CBUM NTPEAJIONKEHHUM TEXHHUKaMaA. EKCHepI/IMeHT je

100

90

80

70 —
R —— —
< 50 —
g[ 40 -9/4_—7/‘_

30 f

20 T

10 S

012345678910111213141516171819
——CD |24|30|33|34|35|36|37|38|38/39|39|40 40|41 |41 |42 42|42 |43
—MD |1.|2. |2 |3.|4. /4. |5 |5|6./6.|6.|7./7./8 (8 ]9./9./9.]9.
—— VA 17| 17
——LV1l |26(31|33|34|34/35|36|36(37|37(38|38(39|40/|40|40 41|41 |41
—LV2 |40|51|54|57|59|60|62 63|64 |65|65|66|67|68|68|69|70|70 |71

OA+T|56 |65 |67 68|69 70|70 71|71 |71 (71|71 (71|71 71|71 |71|71|71
——OA |31|39|42|45|47|49|50|51|53|54|55|56|57|58|58|59 60|60 61

Bpoj nocmarpaHux nosuuuja

Csauka 6.33 0a3¥B OCHOBHOT a/ITOPUTMa NPOILIUPEHOT TEXHUKAaMa M 04a6paHux

nocrojehux npucryna, ciy4yaj BusyBox (OA+T - 0CHOBHM a/iIropuTaM NpolypeH

TexHukama, OA - ocHOBHM asiropuTtam, CD - ACD, LV1 - BAT, LV2 - npeaJjioxKeHHA

npucrtyn, MD - Opcode sequence, VA - Dullien).
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Y3BeJleH HaJl TeCTOBUMaA 3aCHOBAHUM Ha BusyBox okpyxemwy. O3B CBUX
NPUCTyTa NpUKasaHu cy Ha Ciuka 6.33. Pe3yiTaTH Kao ¥ 0iHOC yriopeheHux
NPUCTYIA Cy CJIMYHU pe3yJITaTUMa IOCTUTHYTUM Ha TeCTOBUMA Oa3vpaHUM Ha
STAMP. llpumehyje ce aa ako ce mocMaTpa NpBa MN03ULHja, IPe/JIOKEHE TEXHUKE
Cy IOMOTJI€ /1a OCHOBHH aJITOPUTAM MOCTUTHe 043UB 56%. MehyTum, npuimkom
nocMaTpama Beher 6poja nosuuuja, 0A3MB OCHOBHOT IIPUCTYIA NPOIIXPEHOT
IpeAJIoXKeHUM TeXHUKaMa yJ1a3u y 3acuheme. AKo ce mocmaTpa npBux 19
no3uiiyja, npuMehyje ce fa o43uB npejJioxeHor npucryna (LV2) cyctuxe oa3UB
Jl0 Kojer ce /lo/1a34 3axBa/byjyhu TexHuMKaMa. Paszsior ynacka of3uBa y 3acuheme je
neTa TeXHHUKa KoOja eJIMMUHULIE o/ipeheHe npolLeAype U3 pa3MaTpama, Mehy
KOjHMa Ce y OBOM CJIy4ajy HaJla3u ¥ oApeheHU 6poj OHUX KOje MOTUYY O]
M3BOPHOT KOJia TpaxkeHe npoueaype. Passor ToMe 61 Morao 6UTH NpoceyHa
BeJIMUMHA NpoLeAype Koja je y ciay4dajy BusyBox nakeTa Beha Bulile oJ) TpU NyTa y
oaHocy Ha STAMP okpyxeme. CTora 64 Tpe6asio UCHUTATH A JIU U KaKo
BeJIMYMHA IIpoLiejype yTU4Ye Ha BPeJHOCT IPaHHUIle KOja Ceé KOPUCTH Y NeTOj

TEeXHUIH.

Ha Cinvka 6.34 npuka3saHe Cy KpUBe Koje NpeJcTaB/bajy 0HOC
NpPEeLU3HOCTH U 0/]3UBa y CJy4ajy TecToBa 6a3vpaHux Ha BusyBox nakety. Uy
OBOM CJIy4ajy ce UCTUUY ABa npuctyn. [[pBu npuctyn, o3HadeH ca VA (npuctyn
Koju je npeasioxkuo Dullien), mocTuke BUCOKY NPELIM3HOCT, MaJla HEILTO Makby
HEero y cay4ajy TectoBa 6a3upanux Ha STAMP okpyxewy. J|pyru NpucTym je

OCHOBHH aJITOPHUTaM IIPOLIHMPEH TEXHHUKAaMaA U KO tbera Ce anMehyje He3HaTaH
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IOpaCT NPELU3HOCTH U 0J[3UBa ¥ OJJHOCY Ha TeCcTOBe 6asupaHe Ha STAMP

OKpYXKemYy.
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C/sinka 6.34 3aBMCHOCT NPELM3HOCTH O, 0A3MBAa OCHOBHOT aJITOPUTMA NPOLIMPEHOT
TexHUKaMa U nocrojehux npucryna, ciy4yaj BusyBox (OA+T - oCHOBHU a/iIropuTam
npoumupeH trexHukama, OA - ocHoBHHY aiaropurtam, CD - ACD, LV1 - BAT, LV2 -

npejsoxxeHu npuctyn, MD - Opcode sequence, VA - Dullien).

Ha Csnuka 6.35 nprkasasa je F Mepa Kojy HOCTHKY OCHOBHH aJITOPUTaM
NpOLIMPEeH TeXHUKaMa U OCTaJIM NOCTOojehr NpUCTyNu y ciy4ajy TecToBa
6a3upaHux Ha BusyBox nakety. [lopehewmem ca Ciuka 6.31 npumehyje ce
CIMYHOCT pe3y/TaTa. Hajsehe BpeJHOCTH U y OBOM CJ1y4ajy MOCTHUXKE OCHOBHU
aJITOpUTaM NPOLIMPEH TEXHUKaMa 3a CBaKU 6poj mocMaTpaHux nosunuja. Hajsehy

BpeAHOCT FMepe IMOCTHUXE OCHOBHH aJITOPUTAM IMPOIIKUPEH TEXHUKAMaA AKO Ce
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ImocMaTpa caMo MnpBa nosnunja, mTo je y CarJiaCHOCTH Ca pe3yJiITaTuMa U

3aK/bYYKOM JJ0OUjEHUM Yy NPETXOAHOM €KCIIEPUMEHTY.
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OA+T|56 |46 (39 (34|30 (28|26 (24|23 (22|21(20(19|19|18|18 |18 |17 |17
—OA |31|26|21|18|16|14|13|11(11|9.|9.|8.|8.|7.|7.|7 |6.|6.|6.

Bpoj nocmarpaHux nosuuuja

Cauka 6.35 F Mepa OCHOBHOT a/IFTOPUTMa NPOLIUPEHOT TEXHUKaMa U IocTojehux
NMPUCTyMa y 3aBUCHOCTH 0/, 6poja mo3uIyja Koje ce mocMartpajy, ciay4daj BusyBox
(OA+T - OCHOBHHU a/ITOpUTaM NPOMIUPEH TeXHUKaMa, OA - o0CHOBHM ajaropuram, CD -

ACD, LV1 - BAT, LV2 - npepasioxxenm npuctyn, MD - Opcode sequence, VA - Dullien).

Ha Cnuka 6.36 je npukasaHa F2> Mepa OCHOBHOT aJITOPUTMA NIPOLIUPEHOT
TeXHHWKaMa U nocrojehux npucryna. PesystaTu cy cJIM4YHU pe3ysTaTUMa U3
JIpyror eKCliepyuMeHTa U ONeT je IPUMEeTHO BeJIMKa pa3J/iMKa IoCTUTrHyha

npe/JIoKeHHUX TEXHHUKA Y OJHOCY Ha IpyTH Haj6ospu anat. Mnak nocroju Maja
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pasJiMKa ako ce ocMaTpajy ABe Hajsehe BpeJHOCTU F2 Mepe OCHOBHOT aJIrOpUTMa
NpOIIMPEHOT TeXHUKaMa. HarMe, oBe /iBe BpeJHOCTH Cy MPUOJIMKHO UCTE, T1a 6U
Ce MOrao JJOHeTH 3aK/by4YaK /ia je MoJjeJHaKo epHUKACHO MOCMATPATH CaMO MPBY

WJIU NIPBe JiBe MO3UIHje.
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OA+T |56 |56 |52 |48 |46 |43 |42 |40(38 (37|36 (35|34 |34 |33|33(32|32(32
——OA |31|33|30|28/26|24|23|21|20|19|18 |17 |17 |16 |15|15 |14 |14 |13

Bpoj nocmatpaHux nosuumja

Cnuka 6.36 F; Mepa OCHOBHOT a/IFTOPUTMa NPOLIMPEHOT TEXHUKaMa U moctojehux
NMPUCTyIa y 3aBUCHOCTH 0/ 6poja Nmo3uliMja Koje ce mocMaTpajy, cay4daj BusyBox
(OA+T - OCHOBHM aJITOPUTaAM NpoOIIMPeH TeXxHuKama, OA - ocHOBHH ajaropuram, CD -

ACD, LV1 - BAT, LV2 - npeasoxenu npuctyn, MD - Opcode sequence, VA - Dullien).
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6.5 0Arosopu Ha UCTPAXKUBAYKA NUTAKA

EBasiyanyje npe/JioxKeHOT IPUCTYIIA U NPeJJIOKEHUX TEXHUKA CY
NOHYWJIe OrOBOpe Ha UCTPaXKMBaYKa MUTamwa NOCTaB/beHa Ha Kpajy Cekyuje 3.
OZrosop Ha IIPBO NUTaWE KoOje MUTA, [a JIM Jo4aBake HOBUX MeTPUKA JONIPUHOCU
noBehamwy o31Ba NpeiJIOXKeHOT IPUCTyNa y OJHOCY Ha yIOTpeOy MeTpHKa Koje
Cy MHCIIMUpHCaHe o/iroBapajyhuM MeTprvkaMa HaMelbeHHUM BUIIUMM MPOTrPaMCKUM
jesuniuMa, f06ujeH je y ekcriepuMeHTy 1.1 eBasiyaliyje npe/ijiocKeHOT IPUCTyna
(Cekuwuja 6.2.1). EkciepuMeHT je Mokasao /a je o13uB Behu 3a cBe 6pojeBe
nocMaTpaHux nosunyja. Hajsehu peslatuBHY nopacr je 610 y ciay4ajy Kaja ce

nocMaTpa caMo IpBa Mo3uliyja U U3HOCUO je 44%.

Oarosop Ha Aipyro NuTamwe Koje NUTA, a JIM OA3UB KOjHU IOCTHXKe
Npe/JIOXKeHU NPUCTYI 3aBUCH 0] KOMIIajjlepa, HUBOA ONTMMU3aliuje U KOHTEeKCTa
y KOjeM je mpeBe/ieHa TpaXKeHa NpoLeaypa, A00HjeH je y ekcriepuMeHTy 1.2
eBaJlyallyje peJI0KeHOr IPUCTYIA. Y MOCMAaTPaHUM eKCllepUMeHTHMa ce
IoKasaJio ia u360p npeBojuoLa KojuM he nponeaypa 6MTH IpeBeJieHa UMa
yTULaja Ha pe3yJiTaTe U Jia ce ynoTpe6oM Keil npeBojuo1a NOCTUXe HajBehu
oa3uB. Takohe, 3HaTHO Behu 0/13UB Jl06Uja ce YKOJHUKO Cce NOroJU UCTU
npeBoJuWJIaL, KOjUM je npeBejeHa npoueaypa. [lo nutamby HUBOA ONTUMHU3ALHje,
He3HaTHe pasJIMKe ce [10jaB/byjy TeK 3a Behu 0poj nocMaTpaHUX NO3ULHja U TO Y
IpPUJIOT YIIOTpe6U Hy/ITOr HMUBOa onTUMuU3anuje. [lokasaso ce u ga usbop
OKpYyKeHa y KojeM ce IpeBO/iM TpaXkeHa Mpoleaypa Takohe UMa yTulaja Ha

npouec nopehema 1 a 03UB MOKe Jla Bapupa 3a 15% 1o ancosiyTHOj BpeHOCTH.
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Oarosop Ha Tpehe nuTame Koje NUTA, a JIM IPeJIOKEHU IPUCTYTI
noctuxe Behu 0/13UB 0o/ noctojehux anaTa, JOOUjeHO je y ekcniepuMeHTy 1.3
eBaJ/lyaliyje NpejAJ0XKeHOor IPUCTYIA U joll jeJHOM BepUPHUKOBAHO Y
ekcnnepuMeHTy 1.4. O6a nyTa Hajsehu 0A3UB je f0OUjeH ynoTpeboM NpeI0XKeHOT
npucTyna. AKo ce NorJjezajy ¥ eKCnepuMeHTH 2.2 U 2.3 eBajlyaliyje npeJoKeHUX
TeXHHUKa, MOXe ce IPUMEeTHUTH Jja Ipe/IJIO’)KeHU IPUCTYI YaK U 6e3 TeXHUKa Jiaje

BehM 0/13UB 0/] CBUX TECTUPAHUX NOCTOjeNUX MPUCTya.

OaroBop Ha YeTBPTO NMUTAaKE, KOje MUTA Ja JIH je I0jeJUHAYHUM
Jl0/laBalbeM HOBUX TeXHHUKa 3a ybJla’kaBabe HeraTUBHUX Noc/e/ulia nopehemwa Ha
OCHOBY Npe/iJIo’)KeHUX coPTBEPCKUX MeTpuKa Moryhe fo6utu Behu o43uB o
0/131Ba NPeJIJIOKEHOT NPUCTYNA, 00UjeH je y ekciepuMeHTy 2.1 eBasyauuje
npeJJIoKeHUX TeXHUKA. YeTUPHU TeXHUKe Cy Jlaj/le HeCYMIbUB JIONIPUHOC, 0K je
YeTBpTa TeXHUKA UMaJla CKPOMAH JOIPUHOC CaMo KaJia ce mocMaTpa InpBa
nosuuyja. Unak, noMmeHyTa TeXHUKA Jjaje JONPHUHOC 3a CBAKU 6pOj MOCMaTpaHUX
[103UI1ja YKOJIMKO Ce IPYMEeHHU 3ajeJHO ca IpeocTaJlie YeTUpH. Taza A0J1a3U [0
CUHEpPrucTUYKor epekTa na je ykynHo nosehame o/13uBa Behe of 36upa
JOINPHUHOCA NI0jeIMHAYHUX TEXHUKA, LLITO je yjeJHO U OATOBOP Ha [eTO NUTAHe
KOje IUTA Jja JIY je JoJlaBamkeM CBUX TEXHHUKA 3ajelHO Moryhe fo6UTH

CUHEpPTUCTUYKU epeKar.

OaroBop Ha IeCTO MUTake, Koje MUTA [a JIY je y3 yIOTpeOy npe/IoKeHUX
TexHUKa Moryhe noctuhu Behu 0/3UB 0o/ 0A31MBa noctojehux ajsaTa U NpyucTyna,
JlobUjeH je y ekcnepuMeHTHMa 2.2 ¥ 2.3 eBasyalyje NpeasioKeHUxX TexHukKa. U3

€KCIIEpUMEHaTa Ce BUAH [a IIpeaJIoKEeHEe TEXHUKE IIpUMEekbeHe Ha OCHOBHH
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aJITOpUTaM NOCTHXKY Behu 0/13UB 0/] CBUX TECTUPAHUX IPUCTYIIA YK/bY4Yyjyhy U
eBaJlyupaHy KOHQUIypanujy npeJsjoKeHor NpucTyna. Y KoMOMHaLUjU ca
pesyJsTaTUMa ekciepuMeHaTa 1.3 1 1.4 eBasiyanyje npeoKeHOTr IPUCTyNIa MOXe
ce 3aK/bY4YUTH [Jia je 0[3UB [I0 KOjer Cy JoBeJie IpeJioXKeHe TeXHUKe 3Ha4ajHo

BehU U 0/] 0/13MBa CBUX TECTHPAHUX OCTOjehnx ajsaTa.

[lopen nprkasaHe eBasyaliyje ClipoBeJieHa Cy MHULMja/IHA UCTPaKUBakha U
CAy4ajy KajJia je KoJ npeBejieH 3a x86 apxutektypy [70]. [Ipunarobhen je u
eBaJIyupaH caMO OCHOBHM NpPUCTYIN. EBanyanyja je cipoBeZjeHa aHaJIOTHO
eBaJlyaliju CIpOBeJleHOj Y OBOM paAy, C TUM Ja Cy KopuluheHU NpeBOJHOLM 3a
x86 apxUTeKTypy. PesystaTu eBasiyanyje 3a cay4daj x86 apxuTeKType Cy Y CKJIaay
ca pe3yJTaTUMa IPpUKa3aHUM Y OBOM pazy, OJaKJie ce 3aK/byyyje Aa je

Npe/JIOXKeH! NPUCTYIl IPUMEH/bUB U Ha X86 apXUTEKTYpY.
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7. 3aK/by4yak

EHopMaH pacT copTBepCKe MHAYCTPHU]je LOBEO je 10 MHOIITBA PA3JIUYUTUX
Mo/iesia mocJoBama cCoOPTBEPCKUX KOMIIAHUja. Je/laH 0/ BU/I0Ba MOCI0Bamka je
pa3Boj codpTBepa ca jaBHO AOCTYIHUM U3BOPHUM KO/JI0M, 32 KOjU je HEONIXOZHO
IJIATUTHU HaKHaZY y CJIy4yajy KoMeplyjaaHe ynotpebe. MehyTum, HepeTko ce
JleliaBa Jja ce TakaB copTBep, Hajuelhe y 00JIMKY COPTBEPCKUX OUOJINOTEKA,
ynoTpebu Ha HA4MH KOjU HUje Y CKJIaAy ca JULEeHI0OM M0/ KOjoM je copTBep
u3gat. OTKpuBamwe Ja je [0 A0LLIO0 [0 ynoTpebe copTBepcke 6UOINOTEKE Y
c/1y4ajy KaJia je OCTyIaH caMo OMHApHHU KO/, IPOU3BO/a IIpe/iCTaB/ba BeOMa
KOMILJIEKCAH 3a/iaTak, LITO je MocJe/Miia Hell03HaTOor Npoleca npeBohema
M3BOPHOT KOZia Yy GMHapHU Ko/, Y IPBOM /JieJsly paZia HallpaBJ/beH je MperJies
06J1aCTH y KOjUMa N0CTOjU NoTpeba 3a nopeheweM Ko/a, Kao U PUCTYIIA U ajaTa
13 IOMEeHYTHUX 006/1aCTU. AHa/IM30M je yTBpheHo Jja nocTojehu asaTy ¥ NPUCTYNH
IOCTHXKY CKPOMHE pe3yJITaTe aKo ce IPUMeHe Ha OTKpUBame ynoTpeode
copTBepcke 6ubarMoTeke. CTora ce NpUCTYNUJI0 Pa3Bojy Uzeje o ypohewy HOBOT

NPUCTYIa KOjUM OH ce y IOMEeHYTOM CJ1y4ajy J00MIN 3HATHO 60/bU pe3y/ITaTH.

[IpeaJioxkeH je HOBY NIPUCTYN HAaMek€eH 3a nopehewe npoueaypa Ha
OMHApHOM HHBOY KOju Tpeba Ja ybp3a npolec OTKpUBamwa ynorpebe copTBepcke

6ub6MOTEKE AOCTYIHE Y U3BOPHOM KoJy. [IpucTyn nponemyje CIMYHOCT
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npoueAypa Ha 0CHOBY COQTBEpPCKMX MeTpHUKa U paHrUpa nnpoueaype U3 6MHapHOT
KO/la Iporpama y CKJazy ca nIpolLeHheHUM CIMYHOCTHMA IIpeMa TPaXKeHoj
npoueaypu. [Ipuctyn npegaxe HU3 cOPTBEPCKUX METPUKA, KOMIIApaTopa,
TpaHcdopMmaTopa U popmy.Ja. [IpesnoxeHo je 19 codpTBepCKUX MeTpUKa O/ KOjUX
Cy HeKe MHCIIMPHCAaHe MeTpUKaMa HaMelheHUM 3a BUILe IPOTPaMcCKe je3UKe, 0K
je ocTaTak OCMUII/beH HAMEHCKH 3a IPMMeHY Ha OMHApHOM KOJy. YBeZieHe Cy
CKaJlapHe MeTpHKe Koje ce cacToje O, CaMo jefijHe BpeJHOCTH U BEKTOPCKe, Koje ce
cacToje o/l HU3a BpeJJHOCTH ca 03HaKaMa. 3a nopehemwe BpeJHOCTH CKaJlapHUX
MeTpHKa NIpeJi/IOKEH je jelaH KoMIapaTop, 0K Cy 3a nopeheme BEKTOPCKUX
MeTpHKa IpeJiBuheHa /iBa pa3iMuuTa KoMnaparopa. PedyataT koMmnaparopa je
napuyjajHa Mepa CJIMYHOCTH KOjy je fasbe Moryhe TpaHcdopMucaTH jeJHUM o, 6
npe/JioKeHUX TpaHcpopMaTopa y BpeJHOCT KOja BepHUje penpe3eHTyje HUBO
CJIMYHOCTH ynopeheHux npoueaypa. TpancpopMucaHe BpeJHOCTH Ce [ia/be
KOMOWHY]jY Y jeIMHCTBEHY BPeHOCT KOja NpeJCTaB/ba TOTAJHY MepPY CAUYHOCTHU
ZiBe yropeheHe npoueaype. 3a payyHakbe TOTaJHE Mepe CJIMYHOCTH NpeJI0KeHO
je cepaM pa3nMuUTHUX GOpMyia, IPU YeMy ce popMyJie MOTYy NpHMeHHUBATH Ha /iBa
HauyuvHa. [lopes npefioxkeHux GpopMysia HCIMUTaHe Cy MOTYRHOCTU IpUMeHe TPU
TeXHUKe MallMHCKOT Y4eka, U TO MalllMHe ca BeKTOpUMa NoJpuikKe (eHr. Support
Vector Machine - SVM), HauBuu Bajec(enr. Naive Bayes - NB) v K Haj6JIM>KUX Cycefa

(eHr. k - Nearest Neighbors - kNN).

EBanyanuja je nokasasa Jia npeAJioKeHUu NpUCTyN uMa Behu 0/13UB 01 CBUX
nocrojehux anarta ca kojuMa je ynopeheH. Unak, youeHo je fa nopehemwe Ha HUBOY
NpeAJIOoXKeHUX MeTPUKa UMa U Hel0CTaTaKa, Na je mpeJJioKeH CKYII O eT

TeXHHKa 0/] KOjUX ce o4yeKyje Aa 3HavyajHo noBehajy oa3uB. Tpu npeJioxeHe
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TEXHUKE Cy HaMekeHe ybsiakaBawby HeraTUBHUX epeKaTa Koje Ha mopehemwe
¥IMajy pa3/IMYMTH HAYMHU pajia ca apryMeHTHUMa, JIOKAJHUM IIPOMEeH/bUBUM U
perucTpuma, Kao 1 yrpahupame npoieypa Ha MecTo no3usa. [Ipeocrtasne e
TeXHUKe y6J1a>kaBajy HeraTuBHe edeKTe nopehemwa npouesypa Ha OCHOBY
codTBEpPCKUX METPHUKA. Je/]HA OJ1 BbUX I0AATHO U3/IBaja NapLyjajiHe UHPopMaLuje
0 pefioc/ely MHCTPYKLH)ja, IOK pyra eJIJMMHUHHUILIE TIpoLe/ilype Koje ce 10
oZpebeHOM KpUTepHjyMy pas/MKYyjy oJf TpaXkeHe Npoueaype npeko ogpehene

rpaHnune.

EBasyanujom npejjioxkeHHUX TeEXHHUKA YTBpheHoO je Jja ce moMohy bux
NOCTH>Ke 3HaTHO Behr 0/13UB Hero ca 61J10 KOjUM JpyTUM NOCTOjehrM NpUCTynoM
Y ajlaToM KopultheHUM y nopehemwy, ykbydyjyhu U npeTXoAHO Npea/i0KeHU
npuctyn. Hajsehu nocturuyty oa3uB je 53% y ciydajy TecTOBa 3aCHOBAaHUX Ha
STAMP okpyxemwy, JOK je y c/ly4yajy TeCTOBA 3aCHOBAHUX Ha BusyBox oKpyXewy
NOCTUTHYT 043UB 0o 56%. Unak, npumehyje ce fa anat CCFinder v npucTyn Koju
npeasaxe Dullien noctuy Hajsehy npeniu3HOCT, ajiv 0j3UB OCTaje 3HAaTHO MakbH
0/ 0/131Ba KOjU Ce NOCTHKe y3 NoMoh npe/ioxeHux TexHuka. Ctora cy ynopehene
u BpefHoCTU F Mepa. Hajsehe BpegHOCTH F Mepe 3a cBakU 6poj NocMaTpaHUX
N03MLIMja MOCTUTHYTE Cy Y3 NoMoh npejJioxeHuX TexHUKa. Hajseha BpeHOCT
JlobHjeHa je ako ce Kao ycllex nocMaTpa caMo IpoHasia3akK TpaXkeHe MpoLeAype Ha
NPBOj MO3UIUjHY, LITO CyTEPUILIE /A je 3a HajePUKACHU]y TPUMEHY NPeJ0KEHOT
NPUCTYIA NOTpe6HO NoCMaTpaTH caMo NpBy no3unujy. [lowro je npoHanasak
npoueAype BeoMa BaxkaH, I1a Y 110 LieHy HellTo BehHX ysiarama y eKCliepTCKO
BpeMe, IocMaTpaHa je U F2 Mepa Koja o43MBY Jiaje Behu 3Ha4aj oA npenyusHocTy. U

10 MMTamy OBe Mepe, y3 NOMOoh npe/iyiokeHUX TEXHUKA ce jo6uja HajBeha
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BpEeJIHOCT 3a CBaKU OpOj mocMaTpaHUX No3uliyja. 3a pa3iuky of, F Mepe, Hajseha
BpeHOCT F> Mepe ce MOCTHXKe aKo Ce MOCMaTpajy NpBe JiBe MO3UlHje, Cyrepuilyhu
Jla y ciydajy KaJia je BaxkHUje Hahy nponeypy Y 10 LileHy Mame eQUKacHO
yTPOLIEHOT eKCIepTCKOT BpeMeHa, IpeTpary Tpeba NpoLIMPUTH U HA APYTY

MO3ULHJY.

HMako je npejJioxkeHU NPUCTYII, 3ajeJHO Cca IPeJJIOKeHUM TeXHUKaMa Jao
3HATHO 00J/bYM O/I3UB O/ APYTUX ajlaTa U IPUCTYIa ca KOjuMa je ynopehen,
UCTpaKMBakbe je MOKPUJIO CaMo jeJjlaH MaJlv [leo loMeHa Ipo6JieMa. YcaBpliaBama
Y Jla/by NIPABLY Pa3Boja Cy pa3HOBPCHHU. JejJaH BeoMa 3HayajaH IpaBall, KOju je caM
1o ceby NpeobUMaH, jecTe CUCTeMaTH4YHa aHa/IM3a ONTUMHU3aLHja Beher 6poja
peBOJWJIalA Y IIM/bY OTKPHMBakha HENMPOMEH/bMBUX Jl€J10Ba KO/ia KOju 6U ce IpU
nopehemwy Morsin KOpucTUTU. TakBa aHa/IM3a O6M MOTJ1a pe3yJITOBaTU U y
Ipelno3HaBakby IPeBOJMOLA KOjH je IpU nNpeBohewy KopulheH, Kao U oniuja Koje
Cy TOM IPUJIMKOM yIIOTpeb/beHe U THUMe 3Ha4ajHOo OJIaKLIaTH npolec nopehema.
Wnak, He MOe ce rapaHTOBATH Jia HEKHU O/ lIpeBoU1alLa Hehe IPOMEHUTH CKy Nl
ONTHUMM3alHja KOje KOPUCTH, Kao U J1a ce Hehe MojaBUTH HOBU NpeBoAuUIALL Ca
JAPYTHUM CKYIIOM ONITUMH3alikja U TUMe AOBECTH 0 CUTYyallMja Koje IIpeTX0AHa

aHaJiM3a HUje obpajuia.

[Topen aHanv3e onTUMU3aLMja ¥ yBohewa HOBUX, 60/bUX METPUKA jeJlaH
npaBal, MoXke OUTH M UCIUTHBake edpeKaTa pa3IMIMTUX HaUMHA TyMadyemwa
NojeJMHUX MeTPHKA U HAUMHA KOMOUHOBaka pe3yJiTaTa Koju ce 0J] MeTpHKe
Zl06ujy. Y ToM cMuC/1y TpebaJio 64 UCIMTATHU KaKo oJipeheHe KapaKTepUCTUKe

npolueaype, MONyT BeJMYKHe, yTUUY Ha nopehemwe. Takohe, y npeioxkeHoM
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IPUCTYIy CBe MEeTPHUKe Cy UMaJie JMHeapaH, U 3a 0jJabpaHy KOHPUTypaLHjy yBEK
VCTH yTULAj HAa payyHakbe TOTaJHe Mepe CJIMYHOCTU ynopeheHux npoueaypa.
MHTepecaHTHO 61 6MJIO UCIIUTATH U Ja JIU ofpeheHe BpeJHOCTH HeKe MeTPUKe

MMajy yTHLaj Ha 3Ha4aj BpeJHOCTU Te UCTe HUJIU HEKE ipYTe MeTPUKe.

Joul jeaH MHTepecaHTaH NpaBal, UCTPAXKUBakba jecTe J0JaTHa
TpaHchopMalLMja 6MHAPHOT KO/l Y LIMJbY YKJakhaka pasjnKa HacTalux
npeBoheweM u3BopHOr Koja. Kao Tpancdopmanujy, Moryhe je npuMeHUTH
HOpMaJIM3al1jy KoJla Koja MMa 3a LiMJb Jla Pa3/IMYUTO IPeBeJieHe JieJI0oBe KoJia
CBeJle Ha UCTH, IpeiepMHUCAHU OOJIMK. 3a TY HAMEHY Ce MOTY KOPUCTUTH U
pasJMyMTe ONTUMHU3AlLMje Koje IPeBOJHUOLM HHaUe KOPUCTe, IONYT PasHUX
TpaHchopMalMja NeT/bU U eJIMMUHALMje BUILECTPYKOT pauyHakkha UCTOT
noguspasa. Takobhe, kao TpaHchopManyjy je Moryhe npruMeHUTH U IpebaliBambe
KO/Jla Y HEKH IpYT'Y 00JIMK ca je JHOCTAaBHUjUM UHCTPYKLHjCKUM CKYIIOM, TONYT
SSA (eHr. Static Single Assingment) ¢opme, 3a Kojy 1ocToje pa3paheHH aJITOPUTMHU

3a ONTUMHU3ALMU]jY U Jaby TpaHCchOpMalujy.

JenaH on HeocTaTaKa NpeJJIOKEHOT IPUCTYIA jeJHUM MaJIUM [ieJIOM
Ha/IOMEIITEH je TEXHUKOM Koja pebpojaBa ceKBeHIe UHCTPYKIMja ofipeheHe
yHanpe/ aeduHucaHe qyxuHe. Unak, Ha Taj HAYMH 3a/|p>KaHa je caMo
uHopMalyja o pefocieay UHCTPYKLMja Y MEMOPH)H, aJIU He U O hUXOBUM
3aBUMCHOCTHMa 10 rpady KOHTpOJIe TOKa U rpady ToKa nojaTaka. AHaaM3a
IIOMEHYTHUX 3aBUCHOCTHY Y HAYMHA Ha KOje ce U3 3aBUCHOCTU MOTY U3/IBOjUTH
OUTHU J1€JI0BHU KOjU Ce je JHOCTABHO MOTY YIIOPEeJUTH, MMa BEJIMKU 3HA4Yaj U

InpeacraBjba 036MJ/baH M3a30B 3a HCTpaKuBave. ]e,aaH je,E[HOCTaBaH npuMmep ou1a
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OU aHa/IM3a TOKa NoJlaTaka y IM/by OTKpUBaka O6poja mapaMeTapa npoueaype,
LITO NpeACcTaB/ba MHPOPMAIMjy HA KOjy KOpUIIheHU npeBOUIalLL U ONLje

KopultheHe NPUJIUKOM IpeBohewa MMajy OorpaHUY€eH yTUIA].

AHasvM3a 3aBUCHOCTH MHCTPYKIIMja N0 OJAaLMMa U KOHTPOJIM TOKa MOXe
OUTHU BeoMa HHTepecaHTHA. Mnak, cylmTrHa npobseMa ce Moe I0CMaTpaTH U
KpO3 IIATame Ja JIM iBe NpoLeAype 00aB/bajy UCTH NTocao? TakBo NUTame ce
cycpehe n y apyrum obJiacTvMa y KojuMa ce paJiu nopehemwe koja. ¥ 061actu
oZipKaBama cCoPTBEpa NOMUY Ce KJIOHOBU TUMA 4 KOjU NPeJCTaB/bajy
CeMaHTHYKe KJIOHOBe. Y 00/1aCTU OTKpUBaka 3JI0HaMepHOTr KoJla 6110 64 BeoMa
IIOTOZJHO Ka/Jia 6 ce MorJie Hahu QyHKIMOHATHOCTH KOje Ce N0jaBJ/byjy y HEKOM
II03HATOM 3JI0HAMEPHOM KoY. YKOJIMKO 6U 6uso Moryhe us npoueaype
M3/IBOjUTH CEMAHTUKY U HAa UCTU HAYMH ONIMCAaTH NPOMU3BOJbAH aJIrOPUTaM, TaZa
6u ce 0610 BeoMa MOhaH NPHUCTYI KOjU 6U opeJ, IOMEHYTUX 00J1aCTH, IPUMEHY

Morao Hahu U y npoliecy NpoBepe HapyllaBakba NaTeHTHUX IpaBa.
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buorpa¢guja ayropa

Cawa CtojanoBuh je pohen 27. centeMmbpa 1982. rogune y @ouu of onja
JlobpocnaBa u Majke Pyxe. Y ®ouH je 3aBpIIMO OCHOBHY U IPBU paspe],
rMMHa3suyje. Jla/be 1KOJI0Bawkbe HACTaBUO je y MaTeMaTU4YKOj TMMHAa3UjUu Y
Beorpazy. 3a BpeMe OCHOBHOT U CpeJmer IK0JI0Bawba Y4eCTBOBAO U 0CBajao
Harpajie Ha MHOro6pojHUM TaKMUYemhHUMa U3 MaTeMAaTUKe, PU3UKE U
nHdopMaTUKe, Mehy KojuMa cy u ABa MehyHapoHa TaKMUYEHA CBETCKOT PaHra.
EnektpoTexuuuku pakyatet y beorpaay ynucao je 2001. roguHe. Caiia
CtojaHoBUh je 3aBpLIMO OCHOBHE CTyAHje Ha EfleKTpoTeXHUYKOM PaKy/ITeTy 3a
Mame 0/ 5 TOAMHA, [IPU YeMy je CBaKU UCIHUT MOJIOKHO Y IPBOM POKY.
Junomupao je 15. maja 2006. roguHe Ha OfceKy 3a padyyHapCKy TEXHUKY U
MHGOPMATHUKY, ca IPOCEYHOM olleHOM 9,64. [luniomMcku paj o6paHuo je ca
oueHoM 10. lokTopcke ctyauje ynucao je 2008. roguHe Ha CMepy padyHapckKa

TeXHUKa U UHPOpPMaTHKa.

Opx centem6pa 2006. roauHe aHrakoBaH je npu Kateapu 3a padyHapcKy
TEeXHUKY U uHQopMaTuKy. JlaHa 22. janyapa 2007. u3abpaH 3a capaZjHUKa y
HacTtaBy, a 06. anpusa 2009. u3abpan y 3Bame AcucteHTa. CTasHO je aHraK0BaH

3a noTpebe AprKama BeXKOU Ha Tabsik Ha BeheM 6pojy KypceBa.

06jaBHO je HEKOJIUKO pafoBa y AoMahuM U MehyHapoAHUM 4aCOMUCHMA,
Kao 1 Ha CKyNOBHMMa HallMOHA/JIHOT U MehyHapoaHor 3Havaja. Of Tora, jefjaH paj je
06jaBHo y npusHaToM MehyHapogHoM yaconucy (CLHU nucTta, kaTteropuja M22),

ZiBa pajia y MehyHapoaHoM yaconucy (CUH sucta, kateropuja M23). Y nomahum
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yacomnucuMa uma JiBa o6jaB/beHa paja (jesaH kateropuje M51, ipyru kateropuje
M53). Ha ckynoBuMa MehyHapoZHOT 3Ha4aja 06jaBuo je 4 pajia, AOK je Ha
CKyIIOBMMa HalJMOHAJIHOT 3Ha4aja 06jaBuo 2 paja. [lope pasoBa, yaecTBOBao je 1
y IpUIIpEMHU U U3BOhemwy 4 TyTOopHjasa, 0f yera cy 2 npe3eHTOBaHa Ha CKyllOBUMa
MebhyHapoaHor 3Hauaja (HiPEAC u ISCA), ok cy apyra 2 npe3eHTOBaHa Ha
CKYIIOBHMMa HallMOHAJIHOT 3Ha4aja. AHTa>KOBaH je ¥ Ha jelTHOM IIPOjeKTy
MuHHCcTapcTBa NPOCBETE, HAyKe U TEXHOJIOLIKOT pa3Boja, a y4eCcTBOBAO je U Ha

BeheM 6pojy KoMepILMja/IHUX TPOojeKaTa. Y CIEeLIHO je UCIPaTHOo 4 CTpy4YHa Kypca.
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Mpunor 1.

WU3jaBa o ayTopcTBy

NotnucaHu-a Cawa CrojaHoBuh

Bpoj uHgekca 5011/2007

UsjaBrbyjem
Aa je QOKTOpCcKa AncepTaumja Nog HacnoBoM

MNPOUEHA CAMHYHOCTH NMPOLEEAYPA Y BUHAPHOM KOAY

* pesynTtaT CONCTBEHOr UCTPaXxMBadKor paaa,

s [a npeanoxeHa gucepTtauuja y UenvuHu Hu y AenoBuMa Huje 6una npegnoxeHa
3a fobvjarbe Owno Koje AWNMoMe npema CTyAuiCKUM nporpamuma Apyrux
BWCOKOLLKOICKNX YCTaHOBa,

e [a CYy pe3yntatn KOPpekTHO HasedeHn n

* A3 HUCaM KplMO/Ma ayTopCka npasa M KOPWUCTVO WHTEMEKTYarnHy CBOjUHY
Apyrvx nuua.

MoTnuc pgokropaHpa

G
7

Y Beorpaay, 01.09,2015 .




Mpunor 2.

M3jaBa 0 UICTOBETHOCTMU LWUTAMIMaHe U eNIeKTPOHCKe
Bep3uje JOKTOpPCKOr paaa

Wme v npesume ayTopa Cawa CrojaHosuh

Bpoj nnaekca 5011/2007

Crtyaujckm nporpam

Hacnoe paga MPOLIEHA CIIMYHOCTW MPOLIEAYPA Y BUHAPHOM KOAY

MeHTop _Aap Besbko MunytuHoBmh, pegosnu npodecop, ET®, Yb

MoTnucanw/a Cawa CrojaHoBuh

WsjaBrbyjem Aa je wramnaHa sepanja Mor AOKTOPCKOr paja WCTOBETHA eNeKTPOHCKO]
Bepauju Kojy cam npegjao/na 3a objaerbuBarbe Ha nopTany JurutanHor
penosutopujyma YHuBep3uteTa y beorpaay.

[ossorbaBam aa ce objaBe MO NMYHU NOAaLM Be3aHu 3a pobujakbe akagemckor
3garba AOoKTopa Hayka, kao LITO Cy UME 1 NPesuMe, roavnHa 1 MecTo pofierka u AaTym

onbpaHe papa.

OBW NMYHU nojauwn Mory ce oBjaBuTi Ha MpexHUM CTpaHuuama guratanHe
EuBnMoTeKe, y eneKkTPOHCKOM KaTanory u y nybnukauvjama YHusepauteta y Beorpaay.

MoTnuc pokropaHaa

(77,09 Lo75,

Y Beorpaay,
v
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Mpwunor 3.

MU3jaBa o kopuwherwy

Qenawhyjem YnusepauteTcky 6ubnuoteky .CBetosap Mapkoeuh" pa y [urutantn

PENCINTOPMjyM YHUBEp3UTeTa y Beorpady yHece Mojy AOKTOPCKYy AvcepTauwjy noa
Hacnosom:

MPOUEHA CAMYHOCTU MPOLEAYPA Y BUHAPHOM KOAY

X0ja & MOje ayTopCcKo Aeno.

OucepTaumjy ca ceuM npuno3vuma npegao/na cam y eneKTPOHCKOM hopMaTy noroaHoM

32 TPajHO apxueupatse.

Mojy AokTopcky aucepTauujy noxpareHy y AuritanHi penosuTopujym YHuBepsureTta
y Beorpagy mory ga kopucte CcBW Koju nowTyjy oapenbe cagpxaHe y onabpaHom Tuny
nvyesue KpeatusHe 3ajeaHuue (Creative Commons) 3a Kojy cam ce oanyyuo/na.

1. AyTOpCTBO

2. AyTOPCTBO - HeKoMepuujanHo

3. AyTopcTBo — HeKoMepuujanHo — 6es npepage

‘;2 AYTOPCTBO — HEKOMEPLUMWjanHo — AenuTu Nog UCTUM ycnosuma
5. AytopctBo — 6e3 npepage
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1. AytopcTBo - [lo3BosbaBaTte ymHOXaeare, ANCTPUOYUMjy M jaBHO caonwiTasame
Aena, v npepage, ako ce Hasede vMe ayTopa Ha HauwH ogpefeH oA cTpaHe ayTopa
MK AaBaola NuLeHUe, Yak 1 y komepumjante cepxe. OBo je HajcnobofgHuja of CBUX
nuueHUn.

2. AyTopcTBO — HekoMepLmjanHo. [lossorbasate yMHOXaBake, AncTpudyuujy v jasHo
caonwTaBare Aena, W Npepade, ako ce HaBeae UMe ayTopa Ha HauuH oApefeH oA
cTpaHe ayTopa unu aasaoua nuueHue. Osa nuueHua He Ao3BOSbaBa KoMepuujanHy
ynoTpeby gena.

3. AyTopcTBO - HekomepuumjanHo — ©6e3 npepage. [lo3sorbaeBaTte YMHOXaBake,
acTpubyunjy W jaBHO caonwTasake [Aena, 6e3 npomeHa, npeobnukoBaka wiu
ynotpebe gena y CBOM fJerly, ako Ce HaBeae MMe ayTopa Ha HauuH oapeheH of
cTpaHe ayTopa wnu gasaoua nuueHue. OBa nuUeHUa He [03BOrbasa Komepuujanty
ynotpeby Aena. Y ogHOCYy Ha CBe ocTane nuueHue, 0BOM NULEHLOM ce orpaHn4asa
Hajeehn 0bum npasa kopuwhewa aena.

4. AyTOpCTBO - HeKoMepuuwjanHo — AenuTu nog ucTuMm ycnosuma. [osBorbasate
yMHOXaBake, AUCTpubyLujy 1 jaBHO caonwTasawe Aena, v npepaje, ako ce Haseae
AMe ayTopa Ha HauvH odpefleH of cTpaHe ayTopa WNWU Aasaoua NuueHue n ako ce
npepaga puctpubywpa noA MCTOM wnWM cnudHoM nuueHuom. Osa nuueHua He
[03BOrbasa komepuunjandy ynotpedy aena u npepaga.

5. AyTtopctBo — Oe3 npepape. [lossorbasaTe yMHOXaBawe, AMCTPUBYUMjy 1 jaBHO
caonwTasawe gena, 6es npomeHa, npeobnukoeara nnn ynotpebe gena y csoMm aeny,
ako ce HaBefe vMe ayTopa Ha HayvH ofpefieH of cTpaHe aytopa wunu gasaoua
nvueHue. OBa nuueHua [o3Borbasa komepuumjanHdy ynotpeby agena.

6. AyTopcTBO - [Aenutu noag wctum ycnosuma. [lo3BorbaBaTe yYMHOXaBaE,
AMCTpUBYLMjy 1 jaBHO caonliTaBare Aena, 4 Npepane, ako ce Hasege ume ayTopa Ha
HauMH ogpefleH o4 cTpaHe ayTopa WnM Aasaoua NUUEeHUe W ako ce npepapa
avctpubyupa nog MCTOM MNM cAudHOM  NuueHuom. OBa nuueHua p[o3sosbasa
komepuwmjanHy ynotpeby nena u npepaga. CnuyHa je codTBEPCKMM NUUEHLama,
0[HOCHO NuLieHL|aMa OTBOPEHOT Koga.
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