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OCOBEHHOCTU COBPEMEHHDbIX 1M1OAX0O40B
K AHAIU3Y MIHOOPMALMOHHOM BE3ONACHOCTU

/\ “* BAPUATUBHOCTb NPEANATAEMbIX
VYPOBEHb MPUTOMKEHWNIA OC METOAOB OBHAPY)-I-SEHMFI HAPYLUEHUU
UHPOPMALMOHHOU BE3ONACHOCTH

‘ *+ KAXXAOE CPEACTBO OBHAPYXXEHUA

YPOBEHb AlPA OC -
HAPYLLUEHMI ®YHKLUOHUPYET HA

- OAHOM-ABYX YPOBHAX CUCTEMblI

YPOBEHb TMNEPBU3OPA «» OTCYTCTBYET B3AMMOJENCTBUE MEXOY
CPEACTBAMM OBHAPYXEHUA
HAPYLUEHWUIA, ®YHKLMOHUPYIOLLMMMU

YPOBEHb AMMNAPATHOTO OBECnEyeHmsa 1A PASHBIX YPOBHAX CUCTEMDbI




AHA/IN3 METOAOB ®YHKLIMOHUPOBAHMA COBPEMEHHOIO
BPEAOHOCHOMO MPOrPAMMHOIO OBECMNEYEHMA (BMNO) (1)

YPOBEHb MPUNOXEHMN ONEPALLMOHHOU CUCTEMDI

UCMNOJ1Ib3OBAHUE CUCTEM ObdYCKALUA KOOA CUTHATYPHbIX AHANU3,
MIHOBEHHOIO OBMEHA NO/TIMMOPDOU3M, 3BPUCTUYECKUN AHANUS,
COOBLLEHMAMMU, SNEKTPOHHOU LINOGPOBAHUE KOAA BbINMO/THEHUE NMPOrPAMMBI
NOYTbl B KAHECTBE KAHAJIA UCMNOJ/1Ib3OBAHUE B MECOYHULE
PACINPOCTPAHEHUSA; AHOHWUMHbIX CETEN PENYTALMOHHbIN METO/,
OULLUHT, UCMNOJ/Ib3OBAHUE UCMNOJ1Ib3OBAHUE UKOHOK OBHAPYEHUA
YA3BUMOCTEW B NONYNAPHbIX WU3BECTHbIX MPUNOXEHUI WHITELISTING, BLACKLISTING
NMPUNOKEHUAX WMUTALUUA NETUTUMHOIO AHANN3 CETEBOIO TPA®PUKA
NOAAEPXKKA CBA3U C O®YHKUUNOHANA KOHTPO/J1b LE/TOCTHOCTHU
KOMAHAHbIMU CEPBEPAMM UCMNOJ/1Ib3OBAHUE GANNOB

BHEAPEHUE B APYTUE NMPOLECChHI NOMTMYECKUX BOMbB




AHA/IN3 METOAOB ®YHKLIMOHUPOBAHMA COBPEMEHHOIO
BPEAOHOCHOMO NMPOrPAMMHOIO OBECMNEYEHMA (BMNO) (2)

YPOBEHb A4PA ONEPALLMOHHOWN CUCTEMDI

e

*

UCMNOJ/1Ib3OBAHUE ObdYCKALUNA KOOA

YA3BUMOCTEN OC LLINGPOBAHUE KOAA

U3SMEHEHUE CUCTEMHbIX UCMNOJ/Ib3OBAHUE PYTKUTHbIX UCCNEAOBAHUE NAMATHU

OBbEKTOB TEXHUK ONA CKPbITUA CBOUX CKAHUPOBAHUE TABJIUL,

BHEAPEHUE COBCTBEHHbIX ®ANNOB, NPOLECCOB AECKPUNTOPOB MPEPbIBAHUA U

APAUBEPOB OBHAPYXEHUE BUPTYAJIbHOIO ANCNETYHEPUSALUNUN CUCTEMHDbIX

MAHUNYNUPOBAHMUE C OKPYXEHUA CNYHKb

AAHHbIMU HA CUICTEMHOM KOMMPOMETALUMUA CPABHEHUE OAHHbIX U3

YPOBHE CEPTUOUKATOB A4 noannucu PA3/IN4HbLIX NICTOYHUKOB
APAVNBEPOB KOHTPO/J1b LENOCTHOCTU AAPA

OoC

AHANN3 CETEBOIO TPA®UKA
CUTHATYPHbIN AHANU3

e

*

e

*

e

*




AHAIN3 METOA0B ®YHKUMNOHNPOBAHUA COBPEMEHHOTO
BPEAOHOCHOIO NMPOrPAMMHOIO OBECMEYEHWMA (BMO) (3)

UCNO/b30BAHUE TEXHO/IOTUU
AMNMNAPATHOM BUPTYAZTU3ALUN U

PEXXMMA CUCTEMHOIO
YNPAB/IEHUA

BO3MOHOCTb NEPEXBATA
COBbITUN BONEE BbICOKOIO
YPOBHHA

MOTYT BbiTb PEA/IN30BAHbI B BUAE
OPAUBEPA

KOHTPO/1b dYHKLLIMOHNPOBAHMA
ocC

YPOBEHb TMMNEPBU30OPA

< U3MEHEHWUE CKOPOCTU CUTHATYPHbIN AHANN3
PABOTbl TAMMEPOB U AHA/IU3 BPEMEHHbIX
CYETYUKA TAKTOB AA 3AZIEPYKEK
BUPTYA/IbHOI MALLIUHDI NOBEAEHYECKUA AHAN3

< BO3JAENCTBUE HA UCCNEAOBAHMUE
CPEOCTBA OBHAPY}XEHUA WOEHTUGUKATOPOB
BMO BUPTYAJ/IbHbIX YCTPOMCTB

CKAHUPOBAHWE NPOLLECCOB



AHAIN3 METOA0B ®YHKUMNOHNPOBAHUA COBPEMEHHOTO
BPEAOHOCHOIO NPOrPAMMHOIO OBECMEYEHWMA (BMO) (4)

/ \ YPOBEHb AMNMAPATHOIO OBECMEYEHMSA
OCOBEHHOCTU MEXAHU3MOB BO3MOMXHbIE METOAbI
ﬂ,EﬁCTBMﬂ BMO OCOBEHHOCT MACKUPOBKMU OEHAPYEHUS
<+ UCNONb30OBAHUE APXUTEKTYPHbIX s+ B/IOKUPOBKA NOMNbITOK s OTCNEXWUBAHME NOTOKA
YA3BUMOCTEN U YA3BUMOCTEM OBHOBJIEHNA NPOLLUUBKU MHPOPMALUNU B
MUKPOMPOITPAMM, YNPABNAKOLWUX s UCNONb30OBAHMUE PYTKUT- JIOTUYECKUX SNEMEHTAX
ANMMNAPATHbIM OBECINEYEHUEM MEXAHU3SMOB NMPOLIECCOPA
s+ HAPYLUEHUE NOIrMKWU PABOTbI s UCNONb30OBAHUE s+ CPABHEHUE ®UHANDBHOIO
ANMMNAPATHbIX KOMINOHEHTOB OBI'IACTEﬁ, HEAOOCTYIMNHbIX U3AE/NTNA N OBPA3SLIA
aNnAa TPAANUUNOHHDIX oo DECTPYKTUBHOE
CPEACTB 3ALLUTDI TECTUPOBAHMUE

*

®A33UHI
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MEPAPXMYECKUM MNOOXOA K AHASTU3Y BE3OMACHOCTU

NMPOBNIEMA CYWECTBYIOWUX NOAXOA0B — OTCYTCTBUE COIJTACOBAHHOCTU N OBOCOBJTIEHHOCTb
CYLLECTBYIOLWMX CPEACTB 3ALLNTBI, PYHKUNOHUNPYOLWWNX HA PA3/TMYHBLIX YPOBHAX.
3TO MO3BONAET BMO 3AAENCTBOBATb KOMMNOHEHTbI PA3HbIX YPOBHEW M MAHUNY/TMPOBATb
OAHHbIMW ONA OBXO4A MEXAHN3MOB AHAJTN3A U KOHTPOJ1A BESOMNACHOCTU

\ /
; o ﬁ YPOBEHb
R \ ’ L,/ P
AN \ / /s e
AN \ / 7 /”

NONb30BATE/A
YPOBEHb iIPA UCMNOJIb3OBAHMUE BIMNO TOJIbKO HA HU3KUX

YPOBHAX HE UCNOJIb3YETCA HAPYLUUTENAMM

CEOP AAHHbIX .
ANA NONYYEHUA AOCTYNA K LLENEBOU

UHOPOPMAL NN HEOBXOAUMbI KOMMNOHEHTDI
HA YPOBHE NPUNOXEHNI
(B KPAMHEM CNYYAE, HA YPOBHE A1PA OC)



MEPAPXMYECKASA NrPA®OBO-COBLITUMHAA MOJENb
MEKOMMOHEHTHOIO B3AMMOAENTBUA

cobbITUMHAA MOaENb M =< V,E,S,F,C, P >:

%* V - MHOECTBO BEPLUMH IPA®A, XAPAKTEPU3YET
MHOECTBO COBbITUA
% E - MHOXECTBO PEGEP IPA®A, XAPAKTEPU3YET
NEPEXOAbI e;; = (v;,v;), SABAET B3AUMOCBA3b
COBbITUN v; N v,
% MHOECTBO COCTOAHUN CUCTEMbI S = (54, So, ..., Sk)
% MHOECTBO ®YHKLUU USMEHEHUA COCTOAHUMN
CUCTEMDI F = {f,,:S = S [V v; € V}
% MHOXECTBO /IOTMYECKUX YC/IOBUMU,
ACCOLIMMPOBAHHbIX C NEPEXOOAMMW MEXAY
< KAYJOE COBbITUE COBbITUAMU C = {cei]_:S —{0,1}|Ve; EE}
XAPAKTEPU3YETCA KOPTEXKEM < P ={P,:S - B|V v; € V} HABOP TPAHNYHbIX YC/IOBUU
< id, type,source, Ay, > 3AAAKOLWNX HEBE3ONACHOE COCTOAHUE B c S

(R )

(4

’
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CXEMA PABOTbI MPEONATAEMOTIO NMNOAXO4OA

NOCTPOEHME AHAIN3 U NPUHATUE
CbOP AAHHDbIX COBbITUMHOIO NPAGA PELLEHUNA
NMONYYEHHASA HA OCHOBE CBA3EA U3BJIEYEHUE
WHOOPMALIUA FEHEPUPYETCA FPA® MHOOPMALIMOHHbIX
MCNONb3YETCA ANA COBbITUI XAPAKTEPUCTUK,
OMNPEAE/IEHUA CBA3EN MPOrPAMMIDbI, HEOBXOOMMBbIX ANA
MEXQY COBbITUAMMU XAPAKTEPU3YIOLLUIA MPUHATUA PELLEHUA O
EE MOBEAEHUE TOM, ABNAETCA
NMPOrPAMMA

BPEAOHOCHOW U HET



CMOCOBbI ONMPEAENEHNA HAPYLWEHUA MHOOPMALMOHHOM
BEE3OMACHOCTU

AHA/IV3 M NPUHATUE PELIEHNS UCMNOJIb3OBAHUE METOA0OB MALLIMUHHOIO OBYHEHUA ANA
PELLEHUA 3A0A4YU OBHAPYXXEHUA BIO:

> OLIEHKA NOoaoBuA rPA®OB BPEAOHOCHOM
R N UCCNEAYEMOMN NPOrPAMM G U G,
NOUCK MAKCUMANBHOIO OBLLEFO IMCS(G4,G-)]
B A(G1,G) =1 — (61, G2)

NOATrPA®A MCS(G4, G,) |G| + |G2| — |IMCS(Gq, G3)|

NOUCK MUHUMAJIbHOIO OBLLEIO

HAZAPA®A mcs(Gy, G2) A(Gy, G2) = Imcs(Gy, G2)| — [MCS(G4, G2)|

BbIYUCNEHUE PACCTOAHUA (3HAYEHUE IMCS(Gy, G)|
OT 0 210 1, A/19 U3BOMOP®HbIX TPAGOB A(G1,Gy) =1 — '
MPUHUMAET 3HAYEHME 0) max{|G4|, |G|}




NoAXOo4 K ABANTTUBHOMY YINPABIEHUIO BESONACHOCTBIO HA
OCHOBE TOMEOCTA3A

FTOMEOCTAS KAK CNOCOBHOCTb MHOOPMALMOHHOM CUCTEMbI OBECMEYUBATb HEOEXOAMMOE
CBOWUCTBO 3HAYEHUE OBbEMA ®YHKLMOHA/IbHbIX BO3MOXHOCTEM NYTEM BHECEHUA
BE3ONACHOCTM: APXUTEKTYPHbIX K3MEHEHWW B OTBET HA AECTPYKTUBHOE BO3ENCTBUE

CBOMCTBA A1 OLLEHKWU CMNOCOBHOCTU PACNPEAENEHHOU UHOOPMALIMOHHOWU CUCTEMbI K TOMEOCTA3Y:

OYHKUMOHA/IbHBbIE BO3MOMXHOCTU KAXAOIO KOMMOHEHTA PUC, C YYETOM
TEKYLLIMX HACTPOEK B JAAHHbIK MOMEHT BPEMEHW, TAE i — KOJIMYECTBO
KOMMNOHEHTOB PUC, A k — KONMYECTBO MOKA3ATENEN IODEKTUBHOCTU ANA
KOMMOHEHTA AAHHOIO TUNA. OB/IACTb AONYCTUMbIX 3HAYEHWUIA NMEPEMEHHbIX
x;(t) ONPEAENAETCA TUNOM U C/TIOKHOCTbIO KOMMNOHEHTA

ONPEAENAKOWINX  CUNY  ATAKYIOLWLEFO BO3AEUCTBMA HA  TMAPAMETPbI

OYHKLUMOHANBHbIX BO3MOMHOCTEM i-Or0 KOMMOHEHTA PUC B [AAHHbIN
MOMEHT BPEMEHHN

ONPEAENAKOWIMX MEPY YNPABNAKOWEIO BO3AEMCTBMA HA MAPAMETPbI

OYHKLUMOHANBHbIX BO3MOMHOCTEM i-OM0 KOMMOHEHTA PUC B AAHHbIV

MOMEHT BPEMEHWN 11



CUCTEMHbIV NOAXOA K OUEHKE CMTOCOBHOCTU CUCTEMBI K
[OMEOCTA3Y

OBbEM ®YHKLMOHAJIBHOIO NPOCTPAHCTBA Vy /1A ONPEAE/IEHHOTO TUMA YCTPOWCTB - MATPULIA PASMEPA

k HA i, CTPOKM KOTOPOW - 3HAYEHWA BEKTOPA x;(t) A1A BO3MOXHOCTEN
i-OrO KOMMNOHEHTA PUC B AAHHbI MOMEHT BPEMEHW

CMOCOBHOCTb MAPAMETPOB ®YHKUMNOHA/IbHbIX CMOCOBHOCTb MAPAMETPOB ®YHKUMNOHA/IbHbIX
BO3MOMHOCTEW PUC K YIMPAB/IAKOLLEMY BO3MOXHOCTEN PUC
BO3JENCTBMIO: K ATAKYIOLLEMY BO3ENCTBUIO:

T T
Wy, = [xiT*Mi]:WML--: x; *M;, ECJIU x; = M; € Q; W, = [xiT*Ai]:WA--: x{ x A;, ECJIMx] * A; € Q;
) O, ECJIAU Xi * Mi & 'Qi & O, ECJIN Xi * Ai & 'Qi

k m
11719 ONPEAENEHNA CNOCOBHOCTM PUC K 52 = izzz W, = iztr(WM « W
FOMEOCTA3Y BbI4MCAKOTCA e f
CPEHEKBAZPATUYHBIE 3HAYEHUA ), U 6, L "
: 87 = — Wi = —tr(W, * W)
KO3PPULIMEHTOB YYBCTBUTE/IbHOCTU: A= aiy = Tz tr(Wa =Wy
i=1j=1

JIOKA/IbHAAl TOMEOCTATUYECKAA CMTOCOBHOCTb h U NOKANIbHASI CNOCOBHOCTb K ATAKYIOLLEEMY
BO3AENCTBUIO d PUC ONPEAENAOTCAKAK h = 63, Ud = 6,1 19



[TPOFTPAMMHO-KOHOUTYPUPYEMBIE CETU

CEPBUC @8 CEPBUC B CEPBUC @8 CEPBUC @8 CEPBUC

CETEBAA ONEPALUMOHHAA CUCTEMA

ANMAPATHOE CEPBUC LaulRl CEPBUC ESS:SBOLI,MTEIIEVI
OBECMEAERME ATMAPATHOE OMEPALMOHHAS o0
OBECMNEYEHME 4 cOTHM
CUCTEMA y PEAZTU3ALINN
OECATKM
AMMAPATHOE ANMNAPATHOE NPOU3BOANTENE
OBECINEYMEHUE OBECNEYEHUE PA3/TMYHbIE
APXUTEKTYPbI
ANMMAPATHOE
OBECIEMEHUE
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YMPABNEHUE HA BA3E TEXHON1OTMN MPOTPAMMHO-
KOHPUTYPUPYEMBbIX CETEN

3. UHTEP®EMUC NPUNOXEHUN YNPABNEHUSA

CEPBUC J| CEPBMUC J CEPBUC PAILYe31a:Te]7Kole

CeTeBaﬂ onepau,uom-laﬂ cucrtema
} 1. UHTEP®ENC

. YMNMPABJTIEHUA
NEPEAAYA NEPEAAYENA NAKETOB

NAKETOB : MEPEOAYA

NAKETOB
NEPEAAYA
NMEPEOAYA MAKETOB
NAKETOB HE3ABMCUMOCTb OT CREUMNDUYHBIX
NEPEOAYA XAPAKTEPUCTUK M BO3MOMHOCTEN
NAKETOB KOHKPETHOIO CETEBOIO
OBOPYIOBAHMUA

14



CMOCOB YIPABJIEHWNA CETEBBIMU NMOTOKAMU B CUCTEMAX,
[MOCTPOEHHbBIX HA BA3E TEXHONOI'NN TNKC

MOCTAHOBKA 3AZJAYY MHOTOKPUTEPUAIbHOM ONTUMU3ALUM KPUTEPUIA 3O PEKTUBHOCTU
min { i), &), ), o, fe(X) }.X €S (MCNONb3OBAHUE KPUTEPUSA MAPETO)
X e A8 NONYYEHMSA ONTUMAJIbHBIX MO NAPETO
, JuR" R . PELLUEHMI MPUMEHAETCA METOZ, CKANIAPU3ALUK
X = (%1, %2, X3, o, X5 ) : MYTEM B3BELLEHHOMO CYMMMWPOBAHW!:
f; — LENEBAA ®YHKLMSA, X — BEKTOP PELLUEHWN, = (R = = -
= wifi(X)+ -+ w, [ (X
S — HEMNYCTAA OBNACTb OMNPEAE/IEHUA 1( ( )) 1£1(X) ofr(X)

NPEANATAEMbIN CNOCOB

KOMMOHEHTbI BEKTOPA X -
3HAYUMBDBIE BUTbI TOS:

X, — 3HAYEHUE NMPUOPUTETA (3 BUTA TOS), X, — TPEBOBAHWA K 3AAEPKKE,
X3 — TPEBOBAHMA K MPOMNYCKHOWM CMOCOBHOCTU, X, — TPEBOBAHMA K HAJEXXHOCTHU

B KAYECTBE LIENEBbIX ®YHKLIWI ONMPEAENEHBI CNEAYIOLLME GYHKLNN:

Xy, 0 <Xy <2
fl()_()) = 2X1, 3 < X]_ < 5 fZ (X) — X1X2 fg(;()) = X1X3 f4(§) = X1X4
3X,6 <X, <7

CKANAPU3ALMA C MOMOLLBHO B3BELUEHHOW CYMMbI NPU ®OPMUPOBAHUU TAB/TU CETEBbIX MOTOKOB AN1A MNMKC:
Fl (F(X)) = Wlfl(X) + szz(X) + ngg(X) + W4f4(X)
YHUBEPCAJ/IbHOCTb METOAA: AJ14 KA}K,E,OVI CETEBOW CUCTEMbI MOIYT BEbITb ONPEAENEHBI UHOUBWMAYAJIbHbBIE SHAYEHUA
BECOBbIX KOSPPUNLIMEHTOB w; 15



OBLUAA APXUTEKTYPA NMPEATATAEMOW CUCTEMbI AN4

YMNPABNEHUE BE3SOMNACHOCTbIO UC HA KOHTPOJINEPE NKC:

< AHANN3 COBbITUW, NONYYEHHbIX C PA3/IMYHbIX YPOBHEW MK,
BOCCTAHOBJ/TEHUE TPA®A, AHAJTIU3 TPA®A, MPUHATUE PELLEHWA
O HEOBXOAUMOCTU OTRTKOYEHUA Y3NA OT CETU NN
MEPECTPOEHUA TERYLLNX MAPLLUPYTOB MEPEOAYN OAHHbIX

4

D)

* OLUEHKA CNMOCOBHOCTU CUCTEMbI K TOMEOCTA3Y N OBbEMA
®YHKLMOHAIbHbIX BO3MOXHOCTEW, ONPEAENEHUE
HEOBXOANMOCTU MEPECTPOEHUA TERYLLNX MAPLLUPYTOB
MEPEOAYN AAHHbIX

L)

*

D)

f > YMPABNIEHWE CETEBbIM O50PYAOBAHUEM C
- / MCNONb30BAHUEM NPOTOKO/IA OPENFLOW, PA3AE/NIEHUE
Fgﬁ: . CETEBbIX YCTPOWCTB HA TE, KOTOPbIE MPUHUMAIOT HA CEBA
— P NECTPYKTUBHbIE BO3AEMCTBUA U TE, KOTOPbIE
| OBECMNEYUBAKOT HYX¥HbIA YPOBEHb ®YHKLMOHAIbHbIX
BO3MO¥HOCTEWN UC

)

I

muns  [IOTOK COBbITUM C PA3/INYHbIX YPOBHEW MK
B3AUMOLENCTBUE C CETEBbIMW YCTPOMCTBAMMU 16



PE3Y/IbTATbl UCCNEAOBAHUA

MpennoxkeH noaxon, K ynpasneHuto besonacHocTbio MC ¢ MCNonb30BaHUEM OLLEHKM CNOCOBHOCTY
CUCTEMbI K TOMeOoCTasy
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