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Metoabl u Cucremsl Homaep:xku IHpunarusa Pemnenui

AHaau3 PenreHuu
Methods and Systems for Decision-Making Support

JI-4
MHOroOKpUTEePHAJIbHBIA AHAJIN3 PEIICHUMN:
BBE/ICHUEC, CTPYKTYPUPOBAHME
MHOTOKPUTEPHAJIbHON 32/1a4H,
AepeBbsl KpUTEPHEB.
IlapeTo-onTHMAaJIbHBIC PEIICHUS
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Ipunsarue Pemnenun (11P)

- B moBcenHeBHOM KU3HU
- Ha pabouem mecte
- Ha pa3anyHbIX YPOBHSIX PYKOBOACTBA/
YIIPaBJICHUA
- Ilpu penieHrn SKOHOMHUYECKUX,
TEXHUYECKUX, COLIUATIBHO-
[OJIMTUYECKUX U AP. 3a71a4
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IIpunsaTue/Ananu3 Pemenuu

1-o-kpurepuajbHbie 32124 AP
(npeovroywue Jlexyuu)
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AHanu3 Pemnenuu (AP)

B 00JIbIIMHCTBE (HETPpUBHAIBHBIX) 3314 PCIICHUS
IPUHUMAIOTCS C YUemoM HECKOIbKUX KPUmepues.

- Tex. MU3genus: Tex xapakTepucTtuku {1,...,m},
HaJIC)KHOCTbh, S PTOHOMHUYHOCTD, BHEIIIHUN BUJI. . .

- [Ipu BeIOOpE KaHAMATa HA JOJKHOCTb:
o0pa3oBaHue, KBATU(PUKALIMS, SPYAULIMS, BO3PACT,
KOMMYHHKA0€IbHOCTB,.... .

- DKOHOMUKA: CTOUMOCTb, IPHUOBLIb, CIIPOC,..., TEX.
XapAKTCPUCTHKH. . .
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=/“MuoroKpurepuaiabHbid AHaau3 Pemenun
(MKAP)

AJIBTEPHATHUBBI. BapuaHThl feicTBUM (BEIOOpA),
A={A4,,..., 4 }

KPUTEPHMH: annbTepHATUBBI XapaAKTEPU3IYIOTCS
Pa3JIMYHBIMHU ITOKA3ATEISIMU: IPHU3HAKH, (DAKTOPHI,
arpuOyThl, Kpumepuu (BBIOUPAEM 3TOT TEPMUH ):

c={C,,...,C }

(B psiie paOOT BBOMAT Pa3IUdMs JJIsl aTpuOyTOB/(PaKTOPOB
M KpUTECPUEB: YKa3aTh HAIPABICHNUE U3MEHEHUS (JTyUITHH —
XYAIIAN) U aTpuOyT CTAHOBUTCS Kpumepuem).



7t MKAP (MCDA/ MCDM)

(Multi-Criteria Decision Analysis/Making)

MHorokpurepuanbHas 3ajaqa:
A={4 ,..., 4 }
C={C,...C } aed,Ca)=(C(a),..,C (a)).

[103uTUBHBIN KpUTEpUM (OOJIBIIE — JIYYIIIE),
HeraruBHbIN KpUTEpHUM (MEHBIIIE — JIYYIIIE).
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MKAP (MCDA)

Tpu xiroueBsie (pa3bl npouecca MKAP:

- UneHTndukanus, OCMBICIICHUE U

CIMDPVKIMYVPUPOBAHUE,
- Co3nanue MOJEIN U UCIIOJIb30BaHUE;

- Pa3paboTKa 1m1aHa ICHCTBUM.
(I1I1P)
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MKAP (MCDA)

Tunoewie 3a0oauu MKAP:

- YnopsgoueHue anbTepHaTuB (ranking)
- Be10op nyuien ansrepHaTyBbl (choice)
- CopTHpOBKA AJIETEPHATHUB (sorting)

- ®opmupoBanue noprdens (portfolio problematique)



o MKAP (MCDA)

3ajaya CTpyKTYpHMpPOBaAHUA

"Xopowo cmpykmypupoeannas 3a0aua - HanoaI08UHy peueHHas 3aoaua

Cmpykmypuposanue 3adayy IpeacTaBIsIeT COO0U
IIPOLECC €€ OCMBICIICHHUS, BBISIBICHUS LICIICH,
3aMHTEPECOBAHHBLIX CTOPOH U MHOXKECTBA UX
KJIFOUEBBIX MHTEPECOB U MPEAIIOUTSHUM, BO3MOXKHbBIX
ICVCTBUM/aJIbTCPHATHUB, HEOIIPEICICHHOCTEH.
CmpykmypupoeaHnue - 3T0 UACHTU(PUKALIASI TEX
(aKTOPOB U BO3MOXKHBIX PELICHUM, KOTOPhIC JOIKHBI
COCTaBUTh CIIMCOK OCHOBHBIX ITOJIOXKCHHUM JIJIS
IOCJCAYIOLIET0 00CYKICHUS U aHAJIN34.
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MKAP (MCDA)

[Togxoapl/MeToabl CTpyKTypupoBanus MK 3amau:

- CucTeMHBIN aHaIu3 IIPOOJIEMBbI;

- Mcnionp30BaHue CTaHAApTHU30BAHHBIX/00IIHNX ITOIX0A0B
K PEIICHMIO 3aJ1a4 aHaInu3a IPOOJIEMBbI:

- SWOT (Strengths, Weaknesses, opportunities, threats);

METObI CTPYKTypupoBanus “Soft OR™:
- SODA (Strategic Options Developments and Analysis;  1989), paciupennsbiii 10
KOHIICTIITAN
- JOURNEY (1998),
- SSM (Soft Systems Methodology, 1989),
- Strategic Choice (1989)
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MKAP (MCDA)

CpenctBa cTpykrypupoBanuss MK3:
- /lepeso kpumepues
(aepeBo LneHHOCTEM: Jalue Tree):

epaguueckoe npeocmaesieHue
VUUMbBIBAEMBIX KDUMEPUEE U UX
ceszel (uepapxuil)
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MKAP/ /[epesvs kpumepues

Value Tree

Radiological

Averted dose

Compliance with
Radiological

Standards after CM |\ V

Solution

Economical

Cost

Radical
Improvement

Influence on further
economical activity

Ferrocine

Social

Public attitude

Ecological

Influence on
ecological situation

4| Milk processing

to cheese and
butter
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How to build a value tree:
1. top-down approach (= the analytic approach)

[Value Tree | Performance Table |

Radiological

Economic

Ecological

MKAP/ /[epesvs kpumepues

No_CMs

Radical_improvement

Ferrocyne

Milk_processing
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MKAP/ /[epesvs kpumepues

2. bottom-up approach (or synthetic approach)

Lead & PCB N2 ¥ Logout

I [E] 3 b

[ C1 (Blood lead)

=

[ C2 (Cancer)

[ C3 (Child HI)

(2)

[ C4 (Eco Risk)

(5)

Eivaluaie Remedlial Afternative DW]

[ C5 (Habitat)

&)

[ C6 (Adult HI)

C7 (Cost)

[CB (Community Acceptability)

()

[ Map | mcoa



<t MKAP (MCDA)

TpeooBanusi k VTs:

- 110JIHOTA (Completeness)

- 1IpaKTHYCCKas IIPUMCHHUMOCTD (paborarommii; Operationality)
- :_)aSJIO)KI/IMOCTB, HE3aBHUCHUMOCTD (Decomposability)

= OTC}’TCTBI/IG N30BITOYHOCTH (Absence of redundancy)

- MMHUMANIBHOCTD (Minimum size)

- Completeness requires that all relevant values be included in the superstructure of
the tree and that the substructure completely define the higher level values.

- Operationality - the lowest level values or attributes be meaningful and assessable.

- Decomposability means that the attributes can be analyzed one or two at a time, that
is, that they are judgmentally independent.

- Absence of redundancy - no two attributes or values mean the same thing.

- Minimum size requirement refers to the necessity of keeping the number of
attributes small enough to manage.

These requirements conflict. Operationality often requires further decomposition, thus
increasing the number of attributes. Completeness may lead to redundancy, since true
value independence 1s often an unattainable ideal.




MKAP; Marpuna pemieHun

(Tadauna xapakTepucTux, Performance table; Decision matrix

O Problem Structuring - DecernsSDSS - Mozilla Firefox

®aitn  Mpaska Bua XKypHan 3aknaaku  UHCTpyMeHTel  Cnpaska

@Ev c | _J http://prana.obninsk.ru:8080,DecernsSDSS /faces/ds/applet-starter.jsp X R ﬂ x 7 6
& Camble nonynspHble ’ HavyanbHan cTpaHmua |5 | MocneaHue 3aronosku _] WNAT3 DECERNS WebSDSS
8 1cq - v Qoumx -||C) & @ & & - &
N
‘ 4 Back W Save.. ?  Help X Logout
Topsis ©[E] [ k)
Criteria
j c7 ; cs C9 f c10 c11
|Name c7 c8 c9 |c10 |c11
; Desg:n'pﬁqn | Dist from St-Y, Catﬂe-br farms | Dist from Eco-adverse objects Radioactive contamination | General qualitative assessm Cost
| Scale {local | km \ maximize i local \ km \ maximize local \ Ci’lkm2 \ minimize |local | 10 point.Sc \ maximize {local \ $ \ minimize
1 Weight | [
Performance Table

Alternatives / Criteria ‘ c7 ‘ cs8 c9 ‘ c10 ‘ 1
a1 2.4 32 9.5 6 30
A2 2T 2.9 4.6 19 50
A3 25 3:1 T |12 30
aa 2 3 1.2 8 42
A5 1.9 4.6 2.6 6 40
[aT Tow o
£ >

loTos0

—




<7/i=  TlocnenoBarenbHOCTh aros B pamkax MCDA

1. Problems &

Opportunities
Lromema 2. Inventory &

Forecast

Alternatives 3. Formulate Plans
@ 4. Evaluation

5. Comparison

—— 6. Selection
Decision

Matrix
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[TocienoBaTenbHOCTH AroB B pamMkax nporecca MCDA.:

Y B 2 L
Determine the require-
ments that the solution to
the problem must meet

STEP 3

Establish goals that solv-
ing the problem should
accomplish

STEP 4
Identify alternatives that
will solve the problem

STEP 5
Develop evaluation crite-
ria based on the goals

STEP 6
Select a decision-making
tool

STEP 7
Apply the tool to select a
preferred alternative

STEP 8
Check the answer
to make sure it
solves the problem




7= [TocienoBareabHOCTh 1IATOB

B pamkax mnporecca MCDA (Decision Process Flow Chart)

Decision Problem’ General Objective Decizion Mzksr, Experts
Stakeholders
& >
4
iter i i y Sseos: Experts,
Criteria Specification o—@—‘ Development of Alternatives Stakeholders.
GIS, KB

GIS

Criteria Assessments ﬁmmxs. BMSHJ'@&E]

Experts, Stzksholders, GIS |
Decision Support Tools
DT Performance Table —__DsT__)
< 2
Y
[ Expert odgmsnts ;—D.\{.ExpxSt-H Preferences
ST, GIS

Weighting Scoring

[ DST, Expart Judgxents
Y
Aggregation

[ DST, Modals, GIS g\ \
Uncertainty/Sensifivity analysis

'

? Experts-Stzkzholder for
Final Recommendations Decizion Maker
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Problem definition; Goals Specification

I

Structuring the Problem

!

Development of the Model

A

Setting Criteria

e

Setting Alternatives

Evaluation of the Criteria

1——* Choice of MCDA method

h 4

Forming the Performance Table

¥

Preference setting

Weights Setting

Criteria Scoring

v

Aggregating

v

Uncertainty analysis

A

Y

Experts’® recommendati ons.

Decision-Maker resume

Fig.l. Aggregated scheme ofthe MCD A process.




IIpouecc MHorokpurepuaibnoro Anaausa Pemenuii (MKAP)

Y

[Ipopabotka [IpobGnemsr; Konkperuzauus Llenei

Y

Crpykrypupoanue [Ipobrnemsr

A4

[Toctpoenune Monenu <

3ananue MHOXecTBa Kpurepues [+ <+—> 3a1aHe MHOXECTBA alIbTEPHATHB

Onenka Kpurepuen

Y

®opmupoBanue TabmUIBI XapaKTEPUCTUK

I

dopMHupoBaHUE MPEANOUTESHUI
Omnpenenenue
3HAYESHUH MOJIEIN

3aganue BECOB

!

ArperupoBaHue

i

AHanu3 HeolpeneIeHHOCTel

N

|

Pexomennanuu DxcnepToB
BriBosbr JITTP
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MKAP (MCDA)

MHorokpurepuajbHas 3ajaya:

A={4,,..., 4}
c={C,...,C }
a,be A,

C(a) =(C(a),....C, (a)),
C(b) =(C,(D),....C, (b))



i MKAP /I1apeto

JloMuHHpOBaHUE BEKTOPHBIX OlleHOK 110 Ilapero:

x,ye X c RA,

x>y, if x,z2y,i=1..,mx,>y,
Def: BekropHas onieHKa X * Ha3bIB. IlapeTo-onTUManbHON B
, CX1dE RSACYILIIECTBYET APYTOTO AJIEMEHTA B X,
npeBocxojsiiero x* mo Ilapero.
Def: lomunuposanue aromepnamug no Ilapemo:

AJnbTepHaTHBa a npeBocxogut/lomunupyem
aromepnamugy b, a>b, ecim C(a)>C(b) xax sexmop 6 RH
Def-1: lapeto-I panuiia/ DpoHT - MHOXKECTBO

HEJIOMUHHUPYEMBIX aJIbTEPHATHUB (= MHOXECTBO IlapeTo-
ONTUMAJIbHBIX AJIBTCPHATHB)



7= MKAP (MCDA)

JIOMMHHPOBAHHE BEKTOPHBIX OLIEHOK:

X,y € X RN,

Def: BekTtopHas onieHKa X Ha3bIB. ONTHMAaIbHOM 110
Caeunrepy (cnado onrumainbHou 1o Ilapeto) B X — RA,
€CIIU [UIsl JIF000TO X U3 X X, >). JUIs BCEX .
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Criteria: C y C ,
Alternatives: Al.

(ceBepO-BOCTOYHAS I'PAHMIIA -
151 TO3UTUBHBIX KPUTECPUEB)

“@\
N
o _ o

\
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MKAP /Mapero onTumanbHOCTH

[IpobiieMa ONTHMAILHOCTH JIJISI MHOTOKPHUTEPHUAIILHBIX
3aJ1a4: - HOHSATHUE BEKTOPHOTO OIITUMYMA (anpuopu) He
OMpPEJICIICHO B OOIIEM CITyYac. ..

JI1s mro0bIX 2yXx IlapeTo-onTuM. allbTepHATHUB d,, a

1> %2
BCET/Ia HAMIYTCA 2 KpUTEPUSI, Cl, Cz, TaKHeE, 4TO

C,(a,)>C (a,) u C(a,)<Ca,)
(O6mme paccyxaeHus, Jy4iiie mo 1oMy KpUTepuio, Xyxe 1o 9tu, u Hao0opoT)..
[Toka He npoBeaecHa padoTa MO OLCHKE OTHOCUTEIILHOMN

BAKHOCTH KPUTEPHUEB, AIbTEPHATUBEI HAa IlapeTo-rpanuiie
OCTAKOTCS HECPABHUMBIMMU.
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MKAP /Mapero onTumanbHOCTH

OOmas meroauka pemeHus M3IIP Bkirodaer 2 00mux
MOJIXO/A:

1. s paccmarpuBaemor M3IIP HaxoasaT MHOXKECTBO
[TapeTo-onTuManbHBIX adbTEpHATHUB. BBIOOD MydIIero
pemenus npegocrasigercsa JITIP/ skcnepram.

2. IIpoBoasr cyxkenue MmHO-Ba [lapeto (mo 1ou
AJBTEPHATHBEI B UACAJIEC) C IIOMOIIBIO Pa3pad0TaHHBIX
meTonoB (Moxaeneri) MKAP (ba3upysics Ha
TOIMOJIHUTEIbHON NH(POPMALIIH )
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MKAP /Mapero onTumanbHOCTH

[Ipumep noaxona 1-2:

A) IOAXO0M K CY’KCHUIO Ha OCHOBE 3aJIaHUs HHKHUX T'PaHUL] (IS

MO3UTUBHBIX Kputepuen): C>C.
I I,min

C yBeIMYECHHEM I'PAHUI] — MHOXKECTBO IlapeTo-onTtnM penieHun
YMEHBINACTCA.

b) cybonrumusanust: Betensercst 1 u3 kpurepues (Hamp. C, -
Han00Je€ 3HAYUMBbIM B JAHHBIX MCCICAOBAHMSX ), 110 OCTABIIIUMCS
KPUTEPHUSIM BBOJSATCS HUKHUE TPAHULIBI Cl.’mm. OnTuMaibHBIM
CUHTACTCS KPUTEPUM ¢ HAMOOIBIIIMM 3HAYCHHUEM BBIJICJICHHOIO
KPUATEPUS, YAOBICTBOPSIOIINKA BCEM JOII. OTPAHUYCHHUSIM.
JIaHHBIN MTOJIXOJT — CBEACHUE K CKAISIPHOKW ONTUMHU3AIINU C
HCIIOJIb30BAHUEM BBISIBIICHHBIX 0. OrpaHUYCHUN.
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MKAP /Mapero onTumanbHOCTD

PaccMoTpuM g=xc A N”

C(x) = (C,(x),.,C,, (x)

O0o03naunM uepe3 P(A,C) —-MHOKECTBO BCEX
ONTUMAaIbHBIX 110 IlapeTo ankTepHaTUB a.

Th. Ecnu MHOXECTBO A - KOMITAKT, & KPUTECPHUH

C (x) HenpepbIBHbI, TOTna MHOXKECTBO P(A,C) He
yCTO.



> MKAP /ITapeTo onITUMAJILHOCTH

IIycts A - KOHEYHOE MHOXECTBO. [IprBEaEM anroputM
nmoctpoenust MHO-Ba P(4,C). A={a, i=1,...,n}. Ilycts P —
IIEPEMEHHOE MHO-BO, COCTOAIIEE U3 HECPABHUMBIX
aJbTEPHATUB.

1. ITonoxxum P={a, }. IlycTh caenaHo k maros.

[TI(k+1). bepem odepeaHyIO anbTEpPHATUBY, d, ., CPABHUBAEM €€ C

k+1°

OCTaJIbHBIMU U3 P.BO3MOXHBEI cien. ciaydau:
a) HAWJIeTCS albTePHATHBA, KOoTOpast Jtyd4iie o Ilapeto, uem @, ;.

B 3TOM ciy4. ankTepHaTuBa a, , oTopaceiBaeTcsa. MHOX-BO P He

k+1
MEHSAETCS, IEPEXOAUM K CJIE]T IIary;

0) anbTepHaTHBa a,,, Jyd4lIllec HEKOTOp ansrepHatuB u3 P. Bee
TaKUE XyHIINE aJIBTepHaTI/IBBI 0TOPACHIBAIOTCS, TIONy4acM P,
MHOX-BO P mepeonpenensercst: P:=P Uia,,,}

MEPEXOJIUM K CJIET Iary.



>
MKAP /Mapero onTumanbHoOCTh

B) aJIbTCpHATUBA d HECpaBHUMA C

k+1
aJIbTepHATUBaMU U3 P, Torma nepeonpeaeinseM:

P = Pu{akﬂ}
W IICPCXOOUM K CJICI. LIary.

ITocne n maros nmoinydaem P= P(A4,C).



> MKAP /IlapeTo onTUMAJBHOCTD

OT1OOp onTUMANILHBIX 110 IlapeTo cTpareruit Ha OCHOBE

SKCIIEPTHOM nHpopManuu. IIpumep:

Y4YeHUuK OueHka
MaremaTuka Jluteparypa
a 3 S
a S 4




> MKAP /IlapeTo onTUMAJBHOCTD

a) IpeIMEThl PABHOLICHHBI: TOrAa a2 v (TUIOTETUYECKUI) a3 — ydyarcs
OJIMHAKOBO (3KBUBAJICHTHBI), HO a3 jydIie al, Toraa, npeamoiaras
TPAH3UTUBHOCTb, YTBEPKJIAEM, UTO YUCHUK/AJIIBTEPHATUBA @2 TPEANOUYTUTEIIbHEE

al.

0) MaremaTnka BaxkHee JuTep. Torna a2 ydurtcs aydiie a3 (Habop OIECHOK,
OJIMHAKOBBIM, HO 5 TIO 00JIEE BAXKHOMY IIPEIMETY), a a3 yuuTcd Jiydiie al.; Toraa
a2 yuurcd nyduie al.

B) €CJIM JINTEP BaXKHEE MarT, TOrJa a3 y4duTcs aydue a2, Ho a2 u al -

HECPABHUMEIL. . ..
Y4eHuk Onenka
MaremaTuka JIureparypa
a, 3 5
a, S 4




