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ABSTRACT

For the purpose of efficient risk management, a company should be fully aware of
the risks related to its activities. To this end, all main risks should be duly assessed
along with the company’s potential of managing certain level risks and reduction
measures thereof. The company should have effective risk management systems in
place to allow their identification and assessment.

A risk is an event, which may deteriorate financedults of the company. Generally,
the following indexes are applied in the risk assent: risk-based capital ratio, risk-
based liquidity ratio or risk-based cash flow. $gt of an index depends on the kind
of basic information employed in the analysis (ha&y profit and loss or cash flow
sheets etc.).

The risk analysis relies on the statistical andljgteon analysis methods employed on
the grounds of the relevant data. Understandindgya collection, their classification

according to the risk events, translation of tis&-related information into the data and
their manipulation are important.

In order to minimize its risks, the company shoaghly a thorough analysis of the risk
factors, detect, assess and permanently monitorigke, Therefore, an automatic risk
control system to maintain an integrated databdsthe loss and risk events and
analysis thereof should be in place.

The thesis focuses on the management of operatitsia of financial institutions
allowing certain coordination of their multiple ki&swith due regard to the international
standards, such as Base, COSO, COBIT. The instsnieay employ are incident
recording, loss simulation, risk measurement asgssnent. Object-oriented approach
and CASE technology-based description of businessegses, as well as business
practice simulation are applied for the purposeanélysis of risk occurrence and
correlative risks.

Operational risk management averts tangible or intangible damage. In order to duly
react to the vital issues, information on the company’s weaknesses and outside
threats should be gathered, automatically monitored and assessed by means of the
relevant methods and analytical tools.

The thesis depicts the operational risk management problems and automatic data
collection and processing as the key to their solution.

The thesis is aimed at creation of automatic tools for risk occurrence and correlative
risk analysis, detection, minimization, prevention, correction, monitoring thereof, as
well as task control.

The studies on international standards speak about certain approaches and methods
employed by risk types. Recording a risk incident is vital to the operational risk



analysis, with structuring and classification by business lines of organizational
processes believed to be behind it. Each event is related to a certain business line and
risk type. We suppose that there are incidents, which, on the one hand may affect
risk types or conversely, be triggered by various types thereof. Consequently, strict
observance of the relevant business processes secures risk identification. The
innovation of the study is correlative analysis of operational risks encompassing both
the detection and impact thereof. The approach may transform budgeting, stock and
reserve accounting, help diagnose the main reason, such as a business process behind
the risk, with all these vital in terms of risk reduction measures.
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2.2. bL5M3gMd30Mm MHOLZYBOL SBsEoBols s Fgxsligdols IgommEgdo

05BgEol  3m3oGgBHol  sbogro  doamdol dobgzom  Lsm3gMsgom  Molgol
399m30obOl MbS OYOBEIL IBS35MPIOOL BLoWOY (Fmbowrm©bgro s
9 mbgwo ©sbs356My900), HMIgoE IBIGMEO Mbs 0ymls Fglsdsdolo
dmEMEMmdol 3930390 MHMIgEoE  IMYHIMNZGONW05/R5IIOIE0S
Lom3gMs3om MHobzolmgol - ORC. dsBgwol 3mdo@g@ob dnmbmgbols dobgzom
30 3930300 b 0gmb 9999y 0965835(Md5d0:

Lom3gMmo30m MO0 = 1/K* 3530FH5ol m©gbmdsby, HMIguos gowoadmEos
Lom3gMmo3om  Golgolmgol,  boss K = 0,08- pyobogds UBoxgobsblm
m6960B5300L Bgdbg3gmdol Jog;

39303ool  bmds 30 98m0m3gds  Logobsblbm  MmMPsbobso0l  Joge
09999953900 dgomol dobgzom, Mbs 900b08bmL, GMI s0bodbmwo
9900mEOL 39O odmoygbgds  Lbbgs  dgomEadoi  ®olgol  golsBMIs,
05250005© G9dbmEmyools MBOsBOHDBMYdOL 3OHMEILYdMD 353806900
013900l MIbMOOL FSBLEBOIMOLMZ0L, 25dM0Yxbgds MIMEOHOEI—5WBIMMMO
dopmds, 53 99dmbggzsdo Mobzo R(O, §(x)) ©9mM3009dMwos 0 356599EHMDY

Q5 Ho63mgbL B3MbJzosl:

R(6, 8(x)) = JL(6, 6(x)) f(x|0)dx, (1)
Lo@o@3, 8(x) — 0 35659930 F9g35lgds, 25TMOM3Yds X-BY OYHOHMBO;
L0, 8(x)) - ©5653560L 539969 309;

fx| 0) - 5@dsm™dOL 103330030l FMbJz00L Fgdb3zx300 (33O X,
©59M300909o 0 356539BHMDY. b 500b0dBML, MMA LodsbzMm 3ModEHo3zsdo,
063903500l J3905 BE35MH0 TggLsdsdgds Ibs39MFOL  GBoJLsgool BEZIMUL,
beem Bgos 2960LsHBM3Mgds 99,9 %—o00o:

LOM3gM30Mm MHOLIMD F0TMMYOST0 3530ESEOL BMTs J9TMOMZgds F9IIRO
9900 qd00m:
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1. L5OSBOLM dgoomeo - BIA — Basic Indicator Approach;

2. LGObIO GO dgonmo - TSA — Standardised Approach;

3. 2399350000 Q5HMIz0l dgommmo - AMA — Advanced Measurement
Approaches.

Lox306sBLM  MOY60DBOEOSL Fgmdwos s0MmPoML s 08mddgml ghom geomo
9900MEom, 51939 89wdE0s Msgz0lbo FgmmEo FgodNdoml, mwdEs SdoLm3zol
69035 Mbs Jooeml 9HM3bw)o Bogobsblim MmMsb0BsE0sB, d5BgErol
300039G0bL dobg300 30 M30MEHILMdS 9boFgds AMA dgommb, sdolmgob:

1. 056300 2o53FM0E0 Mbs 0yml Lom3gksgom GolZgdoL d9bgxdgbEoL
36OHMdEgds:

. QOM9JBHMOMS LodFml 0936900 Qo 995003900
b9ddmgsbgemds dmbsfowgmdls Lsm3ghogom Holiggdol dsOm30l d3meo@ozol
3MbGHOHMndo;

. L5x30656LM MOA6O0DOEOSL 593l 3MBEI3EBHWI MM dwogMo Goliggdol
9smm30L LobEds;

. LOGOBIBLM  MOYIBOBFOL goshbos LoFodOm MHgurydLo 0dolmzol MH™I
3oOmML 5MbgMo dgoMmEom d0HBBIL J0ToMMMdO S S193g 3MbEHMMEOL
Q5 390E0L LRgOH™;

2. 50BgMwo d9mmEol Inmbmgbgdol dglervyemgdsls:

. 99000 dM0393L 3GH9bE0MGms© yz9ws 3dody 99gaol Imbgbsl (99,9
% 5653562900l gobofioegds)

. L5x30656LM MEOYIBOB309005 Mbs FgodMTomb s MZoeYMMHO 5EI36Mb
Lom3gMmo30m  MHOL3OL MEIEEOL  3OM(39EVIOJOOL  T9ddbsl o SfoMTmml
©53M)3000999w0 d9dmjdgdgdo.

3. 5MBgme LoLEGFsdo Lom3gMsEom MOLZOL dgxroligdolsls godmygbgdmwo
<605 0gmb 35BLSBOZOEO JOMOMIEO FobalinsmYdEdO:

* 9095 LASGHOLE03MMO IMbs399900L godmygbgds sbs39MYYdOL EMML;

* 9Ju39MHGHJIOL  1LBOgBHIOO  TIBOLGES  IBSZIMRIOOL  BMIsLSD s
3oL 3H9090mb ©393806M9d0;

63



* Lom3gMmo30m MOLZOL LyBmdo LoliEgds Vb A9dM0YgbgdEIl FgLlsdsdol yotg
9mb5(39990L (LobgedfoRml 0bxzm™MTs30s 96 bbgs 8563980l doge dmfmadmeo
0bxm®3s309), F9BLIMNOOMGd0 F5F0b, MM™MES 330JOMdM , OHMI Logobsblim
MO2560D5300L 0030550 M3 3MGHBE0MOs© 5063 9gdMd@gds MHoL3o;

65 500b603bM, HMI sO®BgMds 3gomds bgwo Mbos dgmHgml 3930¢SE0l
0lg 35065§0gdsl ygzqws doBbgL boBby, oy GMI gsbbgl IgEo LiGodero,
Gomo QodxmdILEIL LEM3YMHIE0M MOLIOL FoMIMZd LEFOBIBLM MMYBODsGOOL

439 30356 gdoom.

LsdsBoLM gomeo - BIA (doM00s©0 0600035@GHMO™MEo doamds). y39wsdy
Bo3engds Mo dgomo guwdbgds 3obsblymo oblEodm@gdol Huorm®
3990bogol,  Bogobsblcm  MmMAB0bs30s MBS  BMdEIL 930Gl
Lom3gMo3om  Mob3oL IBIMZ0LMZ0L, 0go Tgoagbl  goduoMgdme 15
36Mm396GL, MMIgEoi 399bgsMm0dgdwos 3m3oGgEHol doge dmerm Lsdo farol
9000 LOIMPWMm - FDEosbo F9Imbogwosb; sbodbmwo dgommols
0565b3o 856305 MBS MG HBINZML 39300 LoMm3gMd30Mm MHoL3OLMZ0L
omem  bSdo  farol  LsdmsErm oo  gMmMmdwoz0  JgImLogerosb
3960339790 3040w 3OMEI6GHOL mEIbMdOm. Mmgbmds Lym3gMogom
oL30L 3530@90ob 35dMOM3gds 999gAbs0Mo:

ORC =ax GI (2)

Lo, o = 15 % — 36033690 Mds oYIBOE0s B5BYEOL 3MToEgEob Jog;

GI> 0 — Lodmoem oo dErosbo 99dmlogoco (Ladsbm 0bo3sEH™MOO)

50000 dwm 3 fgeby:

GI = Xli/n, 3)

oS3, N— Pergdol  MIMIbMds, Losz doosbo  Fgdmbisgswro  ogym
Q000  dN0s60 Fgdmbogswo (GI) gobolsbrg®mads, GMmamME LyRms
Lo3MM396GHM 51939 965 LodMIM(396GHM TgaMbO3EGOOL K sT0:
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GI-80 ®9HgM3900 56 IMbsfiogmdgb (56w G9BgHz0 56 5330MYdL Fo0sd
d90mbogoml).

Lom3gMo30m  boGxgdo, o0  FmMHOL  sMPLMOLOBAOL  goolobogdo 9O

03o0lbdqds; BoLoBo oo gdol 4940306 ToEgdMo dmygds b
R MO IOk

bAobsdEGHMmo doymds (SA). s0bodbmwo  LEbsOEHOL  dobgzom
L5x30656LM MEMYBODsE0OL BB 30MbOMYdS 0ymays 8 JoMOMO dB0BbYL bobo:

1. 00%BbgL bobo:

Lo30bsbLlM  MEY6OBsEgool Bogh Ashgmwo IMALEBMMGdS  FMEIMOHFOYO

30963 9g00bm3z0UL, Lobgedfoxm LEGHOMIGHMOIOOLMZ0L 3930350l
05bs6b9(Corporate Finance);

00%Bbgl 3G™EqLo:

Logdobom Bsbosbo Jowswrgdol 306MH39moO J9bM3LYds, FIMBEHMmYdIMO
396m53Lgds BoLOSBO Jorsergdol; LEFODIBLM MEOYIBOBI300L Foge 45hgmeo
ddbobmgds 099M00o 3JoMol JgMfyds, Aol s 36M0353H0DI300L
OB, dSBOOL 33ag39, LE0B3gLAEHOEFOM 3MBLsEEHObYO.

2. 00%BbgL bsbo:

M396530900 5 9M0R0J00 BoL0SBO Jowswrgdol s FBobBLXMG BB By
(Trading and sales);

00%Bbgl 3GMEqLo:

9390560 J50ogdol 2odmdgzgds LoobzqglBogom dmagdol domgdol dobBboo;
LolHMoxm m39630900L Ho®Bmgds Ebmm® 35¢mEs80, BoLOB Jomswqdmb
©53538060930m, d300035L W0MMbYdMb 53538060930 M3gMH309d0, ,MY3M*

396530900
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3. 00%BbgL bobo:

L50S63M M3gM(30980 BODOIMMO J0MmgdoLmzol(retail banking)

00Bbgl 3MM39L0: FoBOZMHO 30MHIBOLMZOL 36RMOTYIOL AsbLBS s FmALILYGYDS,
3690003900l 253005, 8500 BoL0sBO Jowowrgdol FosMrMZs, LEWSBML M39M530900,
L50639LEGHOEOM 3Bl ES(30900;

4. 00%BbgL bsbo:

L50563M M3gM5(30980 0MBOOMWO 30609d0LM30L (commercial banking)

00Bbgl  3OMM39LO:  0WMMOOMWO  306M9d0LMZOL  SBYIMOTgOIOL  goblbs s
ddLbobEgds, 309003HJO0L 353999, ©I3MHBOEGHJOOL FMD0Es, O35¢GdJGOOL -
3°5(03b3930L FglmErgds 09MHOEOWO 3060l EIZ5II0M FoMbEH0JOOL
5 930M903GH03900L 453905,  Loewobobpm,  Logsdm s Lsobzsbogom
3965330900, 0YIMHOEOME0 3060900l  3MBLMEGH0MYdS bbgoobbgs Lodsbzm
39653090096 ©5353906900m;

5. 00%BbgL bsbo:

3bgoM0dgool 5 oIBOYIOL  ABbMOEF0gWNds, oM 3096EdOLIM30L
39b6bMM 309 gdMo M3gMs30gdols (payment and settlement);

00%BbgL 3G™EqLo:

Lo30M0bAM M39Mo(30900, Lo0b3SBsEOM M3gMH30Jd0;

6. 00%BbgL bsbo:

Lo529bEGHM IMALobmMgds (agency service and custody)

00Bbgl  3Om3glo:  Gobosbo  Jo®owgdol,  Mm3MAgbBHJdol  Fgbsbgs.
9903 96@0LmM30L s 45TBEIE0 5396EOLMZOL ITIBILOSMYIJEO LosRIBEH™M
dABobm™9ds;

7. 00%BbgL bsbo:

5d3H03900L o35 (asset management)

00BbgL 3OM39L0: 300096E OO BILOBO JoLoWYdOL, RO LEBLEGYGOOL
o0 Jmbgdol Joserm3zs FI0bEMBOEMdO;

8. 00%BbgL bsbo:

LOOOMIGMM IMALobMgds (retail brokerage)
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00BbgL 3MEqLO: bLbgoalbgs LodMHM g™ FmALobrMgds;

LSOSBM  FgmmEolL  AbyogLo 9oz “96S  2STMOMZOML  MOMMYMWO
00Bbgl 0T gdoLM3ol  doerosbo  Fgdmbsgswo, Mog  230h3969dL
Pom0mgdmmo  m3gMo30900L  FMEMEEMdsl @ 93 gHom I35 gbm
9bMgdom IMEMEMdsll MoMMGMo d0BbIL bobobmzol sdmymaowo
LoM3gMo30m MHoLZOL 3930390l BMTs, MHMIYEOE FOWIIOVIEo bs ogml
Lom39gMsEom Gobgobmgzols 56500390 0OMMINIO d0%bgLs
303560 530L™M30L LEMODOME 393030 90EOL Jodmmzwom (B).
d00wo0sb  F9dmlogol  3ow3gMwo  d0Bbgl  FodoMmmgdol  dobgwzom
390d9ds Jmbegl Mosygmaomo d60dzbgwmds:

399gMBOE0 3530E90 odMomM3egds 9990090 BMEOTMEO0):

}ﬂ;

Lo, Glit-j - 0sbo 9dmbogoro i- 50BBYL JodsGNEgdol dobggzom (t

3
R, = { El ey
J=

B i
v ExGL o
i=1 1

(4)

- J) Bowl; Bi - BBgrol 3mdodgdhob 8096 sygbowo  3mgnogogbBo
000Mg)0 00HbYL J0T>MIIYWGOOLMZ0U;

3930350l 250MmmM3E0Lsl  s0gdEo by ogmlb  Lsdmsermo 3 {gwo,
3M9%3030963 9000 d06039d0l 3608369 mdgd0 b5h3969d05 3BOHOW By 1.

gb®owo 1. B 3m9x030963 900 d0boFgd0l sbMHogro

00BbgL bsbo B-30983033096¢)0
Corporate finance (1) 18 %

Trading and sales (32) 18 %

Retail banking ($3) 12 %

Commercial banking (34) 15 %

Payment and settlement ((35) 18 %

Agency services and custody (6) Asset 15 %

management (37)
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Retail brokerage (38) 12 %

12 %

OmamOa BB,  LEHBIOEGHMw  doymdsdos, 3930350l dmmbmzbgdo
3996250039090 LEMOMOM BOBBYL 0TSO gdOL ierom@o FgImloge o
@5 BIA-b lgoglo 3930390l 4596560893y  99Mbmds  godlo®Mgdmen
360H™m3bAL (09@° BodB™ME0) Lsdo ferols Aob6dsgzermdsdo MoMHMgMEo doBbgL
9085607930l YIO0MO LTS M {HEroMEo 9OHCMOW030 F9IMLogsW0E;

seBHMbsGomwo  BEGBIOGHOBIIMWwo FgomEo.  B3Bgwol  3mIoGgE ol
0565b35 LOFObIBLM MOA60DIE0SL TJde0s OLHMAIOXML S EJOBsEOO
UEHObIOEHODIOMo  Igmmeoom  Alternative  Standardized Approach), od
3060Mmd0m, MHMI LBoRobBLM MOABODsE0S IMHTMBIOL LoBYEITBYIZg ™
MmO296mb, ™I 50bodbMwo FgmmEo  5dwg3l  LExgobsbLM  MOAI6O0DOEOL
1539 gdL SPoOTMMUL YMROM LEOHYYMGBOE BB SbYIMOTYJdOLMZOU.

39303ool  go8msbao®modgds ooz 9yMbmds  0go3g  dgomEl, o3
LAHObIOGHMO  FgnMmEOL  OML, ™Mo odmbs3zeolol  sblbgsgqgdom:
bbgo@olbgs Lodsbzm ™m39Mo30900 ©@s 3MIGOHE0IEo  Bsdsbim ™m3gMs3ogdo,
50bodbe  d0BbL 0N qdgddo  JErosbo  Fgdmlogerols o036
5QQONW0d  3OJROG0,  3MIBOEOIGO - P BoBognco s 0YMOEOYEO
™3965:30900bmM30L MRJdS 0039 M3 LEIBIMEME Jgmmedo [46].

3930350l godmmges ASA 3900m©Om B0H03ZNOHO 3060930l M3GMS3090mb
©53538069d00):

ORC3 = 3 x m x LA3 () (5)

boosg, ORC3 - 3530390l Bmds gobBozmmo 3069008  ™M3gM30900L
dobgz0m; B3 - 3m9803096GH0 B0B0ZMNOHO 30MHOOL M3GMS30gd0L Jobgl00;
LA3 - 25399990 3609003H900L doeosbo dmEmewmds, 5090v)o dmem 3 {erob
L5 dobg96909e0; m = 0,035 - YIbOO 3Mm9B03096GO.
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ASA 8900m@©do 3oHo3memo 36:900L Lybbgdo 0sbysM0TYds, BoDBOIMMO J0MHdOL
9096 5000 Lbgoolbgs GHodol Lglbgdo, sBg39 930609 s LETSEM
LoPo®IMgdOl  Bogh  sgdmo  Lglbgdo s  FmbBowo  Lbbgswslbgs
©JOOGHMOMMO  ©935¢05693900;  bmwmm  owGoomwo  3oMol  bylbgdo
59690608905 99090  3MOMBIolL  Fobg3z0m:  3MMOH3MOSEGHOYWO,
13960960, LYdB3M, F30609 @S LM Mm 30DBbYL Lglbgdo, dmbowwo
30O3MOGHOMWO  ©JBOGHMOMO 35056905,  5d39  Tgol  gsliosbo
Jo05e900, O®MIGo3 Log3obsblim MEMYSBODBI300L doEIbLBYs.

3985MOMYIMo sBMIz0m0 Joamds (AMA). AMA 99mmEo bydmsmgdsls
5993l LOgobsblm  MmOAB60DsE0SL MZ0MME  2sbsg0mMmML  Mysgz0L0 Mol
39935900l ImEgwo, 50bodbmwo dgomEom Tmombmggds, MM Lsxz30bsbLM
MmOQ560Do300L  M3gMO30wo  IBs3MIYGoOL  Bmbozgdgdo  Imo(3939L
Lom3gMsEom 6ol 3oL, Gdgwos 59 GO0 Log30656Lm
MmO560Bs300LmM30L. gl Imgwo Mbs 90393V GHEBLBIMIBEGHMEMASL,
BmdsL, LOLEHYIIGHIO s J9sTM[dgdOL JoEPMISL BrMAMOE Fos SBY39 MY
M3965300 9653500l 8mbs3gdgdolomgzgol, LEgbsMgdol sbseroBgdl s
00Bbgl 296M9dmb s Jos 3MBEHMMEOL God@mmgol (BEICFs). gl dgommqo
39303)5¢0l goBMa30L5L 0mM35w0olobgdl 8909y JoMasls:

1. Lox30bIBLM  MOYSBOBs30sdo 8 Bodol  30DBbgl B0 gdOls
299gma3sls, O™ 3 BEHBbIOEHME dgomdo

2. 000MYwo  GHo3obmzol  ©obs3aMygdol - MOLZOL  353gyMmOH0gdOL
3obLOBO3GMLL [47];

M9 9M390wo 3930350l M3 ™doL 3°0Mm3Wd 9990093
05659350 MBLMb FgLsd5ToLO:

ORC = ZiYj(y(i,j) x EI(i,j) x PE(i,j) x LGE(i,j)) = XiZj(y(i,j) x EL(i,j)), (6)
boosg, EI (L,j) — ULomdg@ogom 6Molggddg Bgdmddgwogool dsB39bgdgeo -
©0M90gds MHobzol J39d; PE (i,j) — Lom3g®Mogom obs3zstygdols dmbogbols
5edsmMdy; LGE (1,j) — obzol dmbgbolisl obs3saol mby ,,sb5350y0L
boddodg“; EL (i,j) — 9cmboermbgwo @obs3stmyol Dmads (s09dvyeno Lodwmoserme 1

D9ebg); v (1,)) — 3990035¢00Lobgdgwro Botroerol 398030963 0.
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05Bgol 3mFoEgEoL 8096 IRIH0W0s Bom3gMsEoMm MOLZOL 7 353 JaME0s:
F05 MIVWONMDY;

3969 MIVO0MYY;

96300 MOHM0IOHNMDS S MBIROMDMYdS;

300963900, LYdB3M 3OMPJEJO0, Boddosbo MO0 GOHNMBYd0;
95396056 5430390D9 80949bgd Mo Bo®oo;

30 396930L JoOMZY;

. LobGgdol dmdgms.

EI 0bogzs@m&o (exposure indicator) sGol Golgol ©oMgdIgdol mEgbmdols

N o U oe W e

39933900; 335993l FoMIMa9bols, 09 M99bs® 9939009050705 LogObIBLM
MOQ560Do305 M3gMHO3E0M MHOoL3GOL S IBS39MYJOL, gl Fmbsi3gdo SLobogls

L5530656LM MEYIBOBSEF0OL IMJdggdol JoldEodl.
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uRwefeged vunlolgoulnuuinBwlagl
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05Bgol  3m3oBgBHo 2300935HMOL  50bodbo  0bEOIsEGHMMHO  MoMMYMEo
00Bbgl  F0FoMMMEgdOL  B3IMPOLMZ0L  0gml  BEBIBIGEH Mo, d563900
50b0dben 35839693 094qbgdgh: dmEr0sh Fgamliogseal, Ladwmom ferommo
59303900, 3mbgdo 3969xT96EHOL 7399 I05MGOOL 393, 09BFIMMIGEOMS
bowaysligdo.

PE 3565993 ®0 (Probability of loss Event) Bgas@Gom®o dmzgwgbols dmbggbols
SEBMMBS, 9353000900 B39O D (Fmbgbols LobdoMg / MOl
3960mEby t), beem LGE (Loss Given Event) §o60moagbl @obszstmygdols
fol, HmIgwoa 99gbosdsdgds domomgder bgyo@or)® dmgzagbst. ov) PE
3903039390 35BIBHSOMD (9653956900 dmbggbols
96Md/BHEs6BoJ30900L  Moibgzbg), 85906 LGE dgxsligdmeros, Hmymes
LSFMPWM  POMPOMWIOOL  MIBIFIMEOMDS  (QIBIIMPIOOL  TMEMEOMDS/
G®96B5J30900L  FMEMMOLMID); Y 3Mm9B03090EH0L  49bLsBOgMs Fbmerm
565356900L G0 dMmby(39998Dg oyMHBMdOm 396 A560LIBMIMGDS, LoFOMMS
3909 LAIGOLE03MNMO dMbs(399900 dmgwro Lodsbzm LolEgdosb, bgdmom
LYOSNDY 6563969000 LOE9E0S, LBOWIE 9YHOO 9g3L bs39MYJdOL O
dnEM@MdSl 0330000  dmbEIbol  sEdommdom,  OMIJWoE  BoLEYOS
5060360 Jos 06xzmEMIs300l Lyggdzge by [48].

9ol 459mygbgdol 3oMmdgdo:

bom3gMo3om  MolLZoL  4o8mm3wolsl  @MH™Mol  0b@gmgzsmo t= 1 Fgul;

39003900l Bomds - 99 %, by dmbowmEbyro s ImEmEbyero
0565356M2900Lm6bY o0sBAM0T9ds 99 %-0b SEPdSPHMBOY;

LOx30BBLM  MOYIBOBOE0x0Ts  0Fobgzol, GMI  godmoggbmb  sbodbmro
39000, b ©95335YymMBoemb d99gy0 dmmbm3zbgdo:

L5ROBIBLM MMYBODBFOL MBS JMbgl olgmo bEH®YIEHMOEo gHMGME O,
3903 35Bvbolidgdgwo 0d69ds LadgMozom Mol3gdbY;
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Lom3gMmoEom  MoL3oL  Fgxuslgdol  LobGHgds  dFoOmMmE  Mbs  ogmlb
06393606900 GHol3gdol dsmm30l Jodobstg 36Mm3Eqligddo;

Mm396530M0  MoL3JPOL O IBs39MYJBOL  Tgbobgd  0bBMETs300

LoLEYFSBHIO MBS GAHB3bgdMEIL A5bYMBOEgdOL YRGMU, TGl o
L5530656LM MEYIBODSEFOOL OMYIEHMODS LodFmls;

Lom3gMmoEom  ®olggdol  LobGHIdol  FoMmzs  Mbs  oyml 3960

©™ 3299963 0MYdNwo;

Lom3gMs3om GoLZoL LobGgdol FoMmm3s s Tgxslgds MY sMMEs© Mbs

3MBEGHOM@0MHEYdM©IL F0s O 2569 59OEGHOL B0ge.

3905 98 Immbmgbgdols, 0dobgol MM Lsgobsblim MmEmYIBOBsE0L Tggdermls
530L0  8MmEYEoL  IBgMY3s L F306M9 Mbs  PosBbgl  Lom3gMogom

Q5653956M900L 3 {erob bGo@obE0gs.

AMA 9m@©gol 095¢0Hgdolm30l 999300 909e0s dmgzsbobmm  Molizgdol
0096083035309, M0L3JOOL TgxzsLgds ©s 08 MBOLAOGdgdOL  Tgdwdsgzgds,
6Md9woE 8959300906 MHoL3L, HolZgdOL Imbo@MmMobyo.

30639  Gogdo  Mbs  dmzsbobmom  MHoL3OL  0WIbGHOBROZOE0s, b9
3963L5bL3OM® ol Imggbs OHMIrdsg Fg0dergds 30y30943956mL Lom3gMozom
5653569059009, 53 8903905 0gml LodSE3M 3MIMPIEH0, 59303900, 3OM39L0,
LobBYds. MOMMIMWOo 0O GOOLM30L 0fgMgds 30BbIL 3OHM3gLo, o3
39bLBO3MO3L M39M0309d0L Msbd0dY3M@dOL [glMoal, ©m3IMghEGHOOMBILL
@S  MBWGdIMLOgdgdol  qohgsl,  doBbgl  3OHMEgLgdol  sBsewobo 3o
L5 gdIL 239393l MBROM  3OOGHOIMEI® ©s30bsbmm ol 3GMm3gLgdo,

Mol IMP3935 803309356L LYHOMBME F9wYRsdY.

6ol3gdol  259mgwgbol  3MHm3gldo  Y3z9gwsbg oo Mo  9603Fgdsd0BbYL
36m39930L 565¢PODBL, HMIOLMZOLYE 2odM0Ygbgds F90ga0 bgds:

00Bbgl  dmgwol 994dbs - LYLEHO  5EYOGIOL  odmgegbs,  MHMIgE03

390d90s 0gml Lom3gMsE30M IB3MAOL FoMdmTmdoL [ysmrm s Mm3gMmsEoeo
73



6oL3900L  00bBH0R03E30d  BOBOYL  3GMEglol  ymgzgger  gBa3by -
9309960530900L 993853905 3MHMExLYdOL MYMGOYSBOBI300L Jobgzom @
dolo 3mbEHOMo;

99000930 939305 MHoL3OL  obBMIZzs, JoMmMMOEO FoBsbo ©d 9gBHI3HY MOl
3mAH9b30Mm0 b3l FgRsligds,  MMIWOL  ILIRIMO  LoBobIBLM
MmO2960B5305L Mbs JMmbgl Bs3dsM0LO MEYbMBOL BsIMMIMO  3530ESWO.

29956B9g396 IMBoermEbge dmerm©bw S 39ENVEGHOMBME IB3MYIOL.

9mbowmEbgwo  sbs3oMR0- 9Ol LEFMPw™m  MIYMO30IO  IBI3IMYO,
MOMAol QoL  LBorobBLM  MmOYsbobsgos FBsE MOl ImiEgdmero
3960m©ol 356d0BY, HMYMEO3 Fglo 0go F9FMOMZEgds s 593L FOROMIMOZ0
LobYg, JoMOMIIE Fob 093936905 bJoMms FobIGMEOGOIEO 653500
300900 DBoMool mEabmds, obobo MMM falo dodobstg bobxgddo

oflg®9ds s 9999y ogfigcads Lsdsb3m  3MMEJBHOL  VOMYdIMgdSL o6
69H9M30909;

9mMmEbymo  @ibs39M0 - Mm39M30Mwo  ©IB3MAOL  BodbodogrmEo
39005393H905  8mboErmbger  obs3oMaBg, sdol  Fggao  FgodEgds  oyml
00300000 dm3wabs, MHMIglsg 9936 LYHOoMHBMWo Fgga0, S0bOINYo
56535008 LIRIMO BOFOBIBLM MOA60DIE0SL b Jmbgl Lszdsmolo
M©9bMBOL 3530FSW0;

39GLGHOMBMO 653500 - IBZIMAOL Ol MEYbMds, MHMBgE0E 90gToEJdS
3979M35c0olLfobgdgen ©sbs3otl, 56wy ol Jz0Mg 3MM3gbGHo Y39wsby 3O
d900bg930Ls, OMIgEoE 96 2o0m35¢olHobgds sbs356MRgdOL odmmzEoLLL.
030 bgds 15305m© 0830005, 0Yd3s 990dgds FoMMWSE ITSBAMI39w0
9900930 Jmbgl, 5d0@Md bgds sLgmo MobZol 3m339BLOMYdS sBW3I300.

393035olmEbmdol Inmbmzbs MHoLOL OLHRIMIE B5BIWOL 3mToE GOl

dogt  @oygboros,  0gd3zs  dmbosgrmbger s dmyermbgero
5653569006306 Boggobsblim MEYIBOBI30s M3000Mb3g 08mTs390L oo
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dmal, BOEOL FoMgol Bmy 3Mm©JEbg s Jdbol LdgEosw e MgBYMZIOL
[49].

2.3. LEM3gMO3EoMm MHOLZYOOL Fobmdzol IgonmEado

3909 Mgo@obymmo dmgmo. GHgMdobo Mgo@obymwo dmogwo dFoOM
3938060305 M9g0@0ba e Lol gdobmsb, HMIgoE 8moEsgl bLom3gMsEzom Mobol
030090930l BMMTSE >OFIOSL s FgRoLGdIOL 3OIM(39MIOL.  MHgoEobgo
560 1YFSEOS BHOLZOL F9EIMJO0MO FoBMAZ30L, GOLZOLMZOL SETsz30EOL 96
30%M9d0L 35@9aMmO00L 060 3Fgdol gHoom.
903063990 Imgerols Ze®dse® 5ol AMA dmgerbg oymbmdom
593L 89990 Labg:
IRM = {I1OP, PE, LGE, EL, EI, UL} (7)
L5053, IRM 8o 903060 Lol dss, GMIgEog LodsGmosbos yzgus 8
00Bbgl J0FsMMNMEgdoLZ0L, BOBbowgddo Jomomgdo gargdgb@ado 30
9Y6bmds LGsGHOLE0ZMO S 9gJu3IO G 0BBMOBs305b.
IIOP  Losm3gbsgom  Mobzolb  dsbg9bgdgero - Tgbsdwm  obs3oMgdoL
9563969090, MHMIol  3600369wmds  Imme3Lgdos 0-1  0bEgMzswdo,
3960LsBO3Mds  9Ju3gHBHYOOL  TgMmEIdOL  LExMAZzgEDY, Mg  9YMBMdS
57900EH0L O13369dL. MO3E YYBROM TgE0s IBs35MPOL IMBPIHOL 5¢EIdBIMMdS Jom
d9@0s 95639690903, 9699 IIOP-56H0L 30Bbgl 3Mm39Lb900L sbseroBols doge
domgdmo  Mgodobamwo  dgogao  IRM dm@gwdo,  ©5393306)90e0
5653563900L  5¢dsMMBLMD s Fol BMAsLMSD. Ibs3ERYgdOL Fmbrogbols
5edsmmds PE 9306396901 bggo@0o®o dmgwgbgdols LobdoMgl §garofsols
396353 md530, PE 360036900mds 9505699608905 89000920 3vbdgooo:
Fin, ]—";_‘him,

=t (8)
L5553, h(n) goosbas®m0dgds, MMMz Mosbzo bgasGHommo dmbgbgdol - n
35LMmbob 56 d0bMB0Bs GO 2sbsfogdom; 5EdSMMBS 0oL, MMd bgysd oMo
93w 96900L Moibgzo n bs3wgdo 04b69ds nx:

PE = F(nx). ©)
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30LMmbob 3965H0egdsl 996905 99dga0 Laby:

h(n) = Anexp(-\)/n!. (10)
Lo@OE, 396539BHM0 A - 56MH0L BgsE0Mo dmggbgdol Lodwswm 30xMo furol
3963530 ™d5d0; F(n)bosi A=10 - 39bd3ool dsgoomo dm3gdoeros 43930,
bye 17 ;
LGE 565356029006 ©mbg IRM dm@gedo 460Lsbem3Mgds  Fx gwmbizooom,
LoOE X-0U QoFMLOIMZEGEo®©  gobgzobowmm  dogoomo, ©3dz5m ferol
3963530 ™d530 dmbs n MomIbMmdol Bs39MR900, s Fsmo 8b0d3z69wMds
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50 dmbo39d900L 259my9bgdom Fglodegdger0s 35dM30mM35eMmo JMbEg-35MmU
LOFMHE0530  BSFOOM  25TMMZWYOO.  FoYIWOMOE, ™399d0l  Jobgz0m
0096E0x803E0M00 653500l BodlodoErmMo Mabbs; m399d0l dobgwzom
LSO 6390 gd0  (5BHgdT0);  LEHIBIOEHMWO  AoEIbMS,  GMIol
D035605 1,96. 5699 0 BEBBIOEHMWO 2oEIHOS ISBWMgdom 2-%96 dg@o
0gd6s  Lodwmoemm  obs3oMybg, 3500b  QoobEs  bmMIsBY  ©OOS
LogIMoEIdMd; 8905k,  GMdgwog Y gdI3Yngl  9JLGOIFN
Mobal, 53 Lodwmom obsgo®ado s0Lsbgds s 96 935deg3l BMLE o
956 0bxgmMIs300L  3000bsMg ©B356M2900L  LESGHOLEGH03OL  Tglobgd
(EbGoo  2).  5bg3g9, 96083690 mzsb0s  3MmEgsEgool  395803096EOL
39bLOBOZMS, HMIGEoi5 50PIBL, HMIGE0 653560930 F0353M3BM® LogMmm
doBgbolb  395@IMO05L b BOgmzommm  3mMHJSE0MMI© O
“OH0JONTIIMJO0! 45TM303300MM. 3MOHIE300L 3m9B0E0I0E0 35MH0MIOL
-1-0056 1 8gg. 1 -U3gb sbewm 95B396909w0 0dwgzs 3MMYEs30OO dmzergbols
33w930L 569396¢L (EbOoo 3).

b 500b0dbml, ®MmI  MgoobgdMwo  LoLEGIIoL JOHo-ghmo  FMSZ5M0
00MH™M305 06300I6EHJOIOL S©MOEb3s, dobo Jmbo@Em®mobyo s Imbo@mMobyols
090929006 36M5JB03Mo  49dmygbgds.  dmbo@mMobao  FoMmdmoyqbl
LoM3gMo30Mm BHOLZOL FoOMZOL 350G 9BS3L, 0go M339 Ho®dmddbogw MHoLIL
39boboogl, dgolfogerols y3zgas (3300gdsll o 9999y 0fygds Mool
39930609059 399Fomds. 5dobm30L 30 bEgds JMBEHMMEOL 4593530909, 399d0g0
3m6GOM@o  OMmOE3  0obsddOmAgdbg, oy  3OmEglgdby o
360HMmE)agdbg,  WodoBgdol  2oblsbe3z®s,  0bxm®Is30sBy  f3mdol
30bGHOHMo, LobEGHIdMOO b doBOYL-3MMEILYdOL Tg3mAgdol Fgbfagus s
om0 5IMBb3MS  LETMISZEME.  M3YMOEFOI0  MHOL3OL  3MBGHOMWO s
306030305 00035¢0LfobgOL  9dBHOMMO  ©MBOLA0GIJIOL  FoEBHIMGOL  BrOLZ
39dBHMOOL  F0TsOm. Mm39M530wo  MHob3gdol JobodoBszos bmME309Mgds
dolo 50dMEg6gdOL 5¢EBIIMOOL sd390MYVOMm, 3MmFHIBEOOO BsZIMYJOOL
39933060900m, 56 MM039 9OHSQ.
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3400 2. 139990L obyx300 00I6EHOBOEFOMPO ©653MY0L 360369 mdgdOL

359mm3ms
Sum of Max of Average of StdDev of
®39 Tanxa Tanxa Tanxa Tanxa mediana
1 19153.64 9776.53 4788.41 5114.018265 | 4,643.06
2 47390.06 20778.5 9478.012 8269.64525 9547.12
3 17176.91 14904.2 8588.455 8931.812235 | 8588.455
4 12364.15 10813.94 3091.0375 5169.110278 728.055
5 57187.24 42510.25 19062.41333 21150.19184 | 13252.87
8 10259.69 10059.69 5129.845 6971.853659 | 5129.845
9 29454.11 20272.59 7363.5275 9154.559034 | 4171.585
10 60183.73 24985.82 15045.9325 9594.703588 | 15944.975
11 13352.94 7368.32 3338.235 3595.477569 2986.31
12 58363.83 46563.21 11672.766 19643.71797 3171.22

300 3. 3MHYEs309M0 0630096EIOOL BGORTIOEGHO

dm3gbs | mabbo dm3wgbs | mobbo
6 299.76 7| 9776.53
6 94.10 7| 9547.12
6 | 1,100.00 7 | 13742.47
6 500.00 7| 14904.2
6 12.00 7 | 10813.94
6 868.63 7 | 13252.87
6 200.00 7 | 10059.69
6 150.00 7| 7474.54
6 | 2,000.00 7 | 11587.39
6| 4,575.00 7| 7368.32
6 | 4,500.00 7 | 46563.21
correl= 0.56
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Qob33bos

Bo@o®gd@o gm0 ©d gjudgmodgbGe 59m3z3wwgz0ms LdBdzgwby
3009090 990093900l dsBsBg G90dwqds 89000980 1336900l BsTMYse0dgds:

1. dgbfogaromos  ®ob3gdol ToGm3ol  3MMmEgLgdo s dsbdo  sOLYdMYEo
36MHMdgdgd0 Mol3gdol dsGmM30l Mobsdg®mmazg 9gmm©gdol, LEsbsMEHYdols
5 B5gMHSIMOHOLM A5TMFPOWYGOGOOL dOBIDY;

2. ®ol3gdolL Fomm30L §odyzsbo LEHobsMEHgdols (Basel, COSO, COBIT) s
Golggdol  Bobmgol  3MmEgbol  Lowyzgogbem 3MogdBHogol  dsboby
39965¢0Bg0 o5 Loxgobsblm  MmMRBoBs30gddo  MHoLZgdol oGN30l
dbs6s9F96M0 53¢™B53H0HYdME0 LobGgdobmgzol 3930009090
30033mb63b@gd0,  LobBHgdol  LoMgowobsgom@  bs3dsM0olo  Lsobxgm®mdszom

Lob)dgd0, 3930060 Jd0 M 3HYTI6EJOO S STMF69d0;
3. ®oL3olb  GHo3900L  dobg3z0m  Fodm3zgos  Mmob3oL  FgzoLgdoL
900™3900 S 3900MmYd0. Igbegerowo s s3d5390w9w0s 0630wIbEJOOL
S0M03b30L, I635MYJOOL IMPYI0MHIBOL, HOLZIOOL  FoBMIZ0L TgnMEIdOLS
Q5 HoLZ0L Jgx35B900L BMOTSEODBYOMEo 0bLEHMTGDEJd0;

4. ©ol3gdol FsmM30L  TBSMTFIOO  953BHMToBHODYOMEo  LoLEHIIoLbmz0L
SOP9M0E0s s ©s3dsg9de0s  MHOL3IGIOL FoMM30L  BODBYL-3MM(39L9dOL
9mYo,  o9bseoBgdmEos  MolZgdol  dmbgbols s 3MOYWSE0MOO
6ol3gdol  3OHmEqLgdo  Md0YJGH-MMm0gbGHOMIdMwo  doymdolbs s CASE
&9J5mmyo0l 36:0630390bg oyMHbMdOo;

5. ©950Hg0mos ®olzgdol doOmm30l Fbo®msdF Mo  533MAsEH0BIOIEO
Lob39gds Microsoft 3go@Bm®dol LoliEgdgdolb Asdmygbadom, MHg3mMEH0bAOLS o
Lodwgdom 3MMm3gLbol 3MmMmME0bs3ool 0bEHgaMoMgdmwo LolEgdol dmdbows
b53momC.
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