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Annotation

In this master’s work there is represented decision-making supporting system realization
with the use of fuzzy-TOPSIS methodology in multi-criterion environment. The data in the
system is the expert nature and the source of the information is the expert and its knowledge. The
number of tasks of multi-criterion decision making (MCDM) are increasingly increasing over time,
which in turn determines the need for such systems.

Fuzzy-TOPSIS approach is discussed for multi-criterion fuzzy — triangular decision-
making model. The system is represented in a modular form.

The work can be considered as follows:

1. Learning the Fuzzy-TOPSIS methodology and understanding of the principles of
solving the decision making problem for triangular fuzzy numbers.

2. Realization of decision making model (as algorithmic as well as software). Built
modules and their coordination in a single intelligent system.

3. Demonstrate the results of the work of the algorithm based on private examples and
compare them to the modular level of the system.
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MCDM-3o TOPSIS (The Technique for Order Preference by Similarity to the Ideal Solution) - ol
9900m©Oo  FoMIMoygbl Joymadsl 03 s GHgMbsBH030L 0IBEGH0R0EOMYIOOLMZOL, MHMIgEos
Y39y sbmliss 3mDBoGH0MO 0099 O 355fY39GHLMD s Y39wsHg FmOlss Bgys@0weo

0095 IM0 o5HY39G0LOYS. TOPSIS 56GHob 3616350 30:0EJM05MHO 9Ju3gO G0 gnMO,
Odgeoi Homdmoagbl s @gMbs@ 03900l d985L9d0l, MobgoMgdol s sdmMBg30l dgdsboBbal.

TOPSIS 9g0om©lL  dmbsggdos 939853900l IM535¢96DMTowgdosh  Logmigdo dMsgs¢0
M3065BHGBMBS 2osBbos. 0g0 [oMdmogbl dsmEGH0g 3MHMEILL, 5©30e0s dobo sdmygbgds s
©53MMM58905. LoggbwMgdoL MoMmEIbmds 08039 MBJdS S5GHM0dEHIOOL Mrom©IbMdOl 2oBMEOL
dombgogo. TOPSIS  dgoomo  99mygbgdngeos  dofimgdol  Lob@gdol  domom3zsdo o
@wmyolG03sdo, 360HMmgd@oMgdsdo, 989690 mdols s FoMdmgdol LobiEgdgddo, dobBbglols o
956 393H0by0lL d9b9gx96@&d0, 3969gdml JsM35d0, 505306w9MO MHglryMLgdoL JoMm35L5 s Hyawrol
M9LmEOLYdOL oM 3500.

TOPSIS  9900m@©ol  doMomoo  0@gs  dEamds®mgmdl  0ds8o, MHmA  g439gwsby  Lslvmzgwo
SB9MBsGH035 965 FBMEWME SHEML Mbs 0YIL 0O 4505)Y39BHLMD, s0M5dg bbgs
5 39Mbs3H0390msb G9o60000 30I0GdG 2505HY393H0909dMb TMMGdMo Mbs 0ogml
930>d9 9O -

O3 TOPSIS 8900m@0ob 56L0sb godmdobs®gmdl, sd ©935651369c ol 25dmygbgdoom bs3dsme
98393GIMS© 960L Fgbodrgdgwo 5659358300 FM035¢3M0EIM0F0560 58M356900L ooFMo.
5653bs  296Mgdml 30MMdYdT0 gOHM-gOHm Lsv)39009Lbm Bl Homdmoyqbls TOPSIS dgomeob
398mygqbgds Fuzzy (s65:3bs00) Moibggdolbsmgols (Fuzzy TOPSIS).

M33H080Bo3ool  59m356900L  doofyzgds Fuzzy TOPSIS 9060mygbgdoo  aweolbbdmdl, od
bs6HoLbMdM030 woba30LEIMO (33 gdoL IB0TZbgEPMBsMs 2500Y35bsl 50159350300 MHo3bgqddo,
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TOPSIS 9gomo §o00msygbl 900-9hm 9539dGHw6 0bLGH®MAGBEL, MHmdgaros byl dgwfigmadl
39050939GH0wgdol  3000gd 3060901 s 9Ju3gMEIOL  dsmo  BoBbYdOL s  LYBdogdBHWEO
dmbsBO9dd0L  BMMINoM9d5d0, doh3969dgmms  LobGgdol  LEHOYIEBHOOMYdSTdO,
SB9MboGH03900L  Fgxnolgdsdo  4oshY39BHowgdsms  Fomgdol  3MHMmEgldo  56503580M
3090530 30L, Woba30LEMMHO (33ESEIO0L, 565035830M LOTMHZEIMS s 3MSTIIBOM MOEFLIMS
965%9.



1.5 FTB-DSS bol®gds (Fuzzy TOPSIS Based Decision Support System)

Lo@O3mdm  65dMMAOL  BoMRwgddo Fgoddbs Fuzzy TOPSIS Gdoymdsbg ©onwmdbgdmewo
3905093930 gd0ol dogdol 0bEgugd@ s wy®o bobEgds FTB-DSS (Fuzzy TOPSIS Based Decision
Support System) . bobgds 89gdbs bLodds JoobEBHMS6Es, LodTom gosbsfowgdrwo 0dbs 89990
bdgdoon:

e 060bs 35Bom0sbo - 3005390 MBOHMb3gymRol 39630056905

39350 3M0GIM05MH0  BoBo - 0BG MoE0MboLEHMMO  35HY3930wgdol  Jowgdol

dm9Eolom3zob.

e ULmgozm  Jmdmwmsdzoo - 3OMAMIMwo  bOMblgwygmzol  gobgomstgds
36535 3M0GIO05OHO  Fobo - Lodgmobs 3505093930 gdol  dowgdol
dm9Eol;mgzob.

e omgmbs  JMxmIzowo - 36MaM53w90 BOHMb3gymRol 396300069005

9350 3M0EJO0SOHO 339D0-39L0@ 56 GO 2490050939GH0gdol domqdoL
dm9Eolomgzob.
36Omddo 99oddbs Windows -ob .net 3o@dBm®dsbg, asp.net mvc 399-G9gdbmemyools
Lodmoegdom, bewmm Gog dggbgds 3mboggdoms dsBsl, 0o Fomdmoygbl dmbsoigdgdol LogOmm
bogogl, sdobomgzgol, godmgzoygbgor Microsoft SQL SERVER Ggwosgom®o dmbsggdoms 35be.
©93903996¢ 296900 (IDE) 535Gbogo Visual Studio 2017. 3mbsggdoms 35Bsbomsb faomdologol
399mygqbgdeos ORM - Entity Framework.
LoLEGHYIOL LEHOVFBHIOS IWSB-EO05MHTOL BTS00 5MOYwIMYds 899ABI0MS:



LobiHgaol 3¢rol-ooyMods

Role

+ID: int

+ Name: string

User

Alternative_Expert

+ID: int
+ UserName: string
+ Password: string

+ FirstName: string

Fuzzy Topsis 355443930900l 300gdol dbstsdFgeo

+ LastName: string

+ BirthDate: date

1

et

1

AlternativeRating

y

Problem

+ Name: string

+ID: int

+ Text: string

+ ShortText: string
+ N1: double

+ N2: double

+ N3: double

LobEgds Web-bg m6096@0M90mwos, Mog 0358 6odbogl MM, 653d0LdogeM 53GMMOHBOMYd
dmIboG9d9gel  9gmdeos  sdmEsbol d9ddbs  LolEgdsdo, dglisdsdolo  se@gMbo@0nzgdol s
3603960199900l BMOHI0MYdS S 515939 9JU39MEGHJOLOE 99300 BoFwYsEgds AbMBEOML BydoLdogMo
0903006 893000696 0639MbgEHT0 g9bmogLgdmeE 390 339D 1530560 FMTBToMdEOL
Lobgoms @S 39OMWOM S IBOJBOMME Lo3MMoMo 9JudgMEmmwo 3mEbs. 9du3gMEgdol
99935190980l d9damd, LoLEGgdsl Fgwydeos gosHY39BOWgdOL Jogds, o3 Awolbdmdl
9mdbds9dolm30L Bs¥)39009bM 35M0563OL 5dMOMBYZ0L TgliodEgdMdSL.

LolE9dsdo 8vdsmdolols ImIbTsMgdganl Jgmderos Fgddbols s3mEsbs, s8mblbsl Fuzzy Topsis
9900m©OoL ©5dMgbodg goblibgzs390mEo seaMmMomdom s F9osMml doMgdwo J9EIJO0

9O»3sbgobs.

+ Description: string

Criterium_Expert

1

1 1

1 1.

S E

Alternative

Criterium

+ Name: string

+ ID: int
+ Name: string

+ IsCost: bool

CriteriumWeight

+1D: int

+ Text: string

+ ShortText: string
+ N1: double

+ N2: double

+ N3: double
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O00: 5FoboLEMIGMO0, IMIOGH™MO0, 9Jb3IOGHO S LEHIBIOEHMWOo dmIbTsMYdIWO.
5030boLEMIBHMM0 535@JOL FMPIOIBHMM, BMEIMSGHMOO 5MOL 5dME6gdOL BEHMMIG MBS O
9939639080 2503036MB0YMHYOMWO MB0YJEHO, 580GH™MISE 0L 1FBs360L 5TM(35690L 9JL3gMHEHJOL.
99b39ME0 MBGIXME 5GBOBYOL 533560l BMboEgagdL, bmerm LEBIOEMEo BMmdbIsMgdgwo
9bgbl 53m 3560l 894absls s Aol FmGT0MGISL.
®  5030b0LEMIGHMMO BEMBL MBEgdgdIOL BOVIE 3539AL, 9g3L Lodogds osdoEHMU
3IM5GHMO0, 9LEHWOML b3s IMIbToMdEOl HM0, 89Jdbsl s OMYIJEHOMML
50m3569, dmToemls 53m356s o FYoliErIMEML SEYMOHOMTOL BGoEPODFOS.
e 3MmEIMSGHMOL F9mdeos 58m3560l 994dbs, mOBoE0Mgds, sdmbLbs, dmdws, sdm3sbols
39205365 9Ju39OEM .
o ULABIOHEHME 8mIbdsmgdgel d9w9deos dbmerme s8m360L 894dbs, dmogo30Mgds s
dds.
o 99u39OAL ooBbos FgsMgdom FgBMMWO MBWGdJdo, dol FMordo Bsbl dbmermo
59m(3560L 992351935 o 5TMbUB..



2 535%0 - TOPSIS 0mqgarol 53995 Bsbo-ls83mobs
563199963900l 99dmbggzsdo

2.1 Fuzzy TOPSIS Ls33mombs gsbo Hogbzgdolsmgol.

Fuzzy TOPSIS -%g ©oxdbgdmmo  30935¢030M0E 005060 3505093930 gdol  dowgdol
dboMsdF M0 LobBHYds  [omBMmogbl  LobGHYdsl, GMIgog  ImIbIsMGdwobmzol  Jabols

39050943930 gdol  dogdol FHBsMEsTF M A5MGIML  FMOZSE  SEBHIMBIGHOWME S TMOZo
360390056 53m 3560l $3mblbol dgdmbggzsdo.

5B 9MbBH03700 - dgLsdwrm 356056@gd0, HMIWgdoE Mbs FgRsLgL bo39mglel
59m®Bg30L dobboo.

3603 gM099900 - 5bsl0smGd9D 5@ gMbsEH0390L S FomO LoTw)sEgd0m Mbs dmbrgls
5¢039MBs303900L Tgx3oL9ds.
O0amO3 339 9036086gm, 9900m©OL  JoMO0MOEO  3M063E030  BEYMIsMgMIL  0dsdo, OMI
53 9MB5303900L  LOTMOZW0EB  LEM3gMILM  9MRY3BL  od3L  Y3z9gersby Bogzwrgdo  dsbdogro
3mDoEGH0M 00099 O 3505)Y39BHoLmsb (FPIS - Fuzzy Positive Ideal Solution) s 53530OMwws©
Y39sbg 0o 356d0o bgas@0me 00gswe 2505(9Y39@oLmsb (FNIS - Fuzzy Negative sldeal
Solution) [11].
09mMH00L  Msbsbds, FPIS  s6Gol  ghmogOomo  360dgbgermds,  MH™Igeog  939m9dl
Lo6RJI056MBOL 503b0dz3bgeo (Benefit) 30:0& 96030l BoduodoBoz0sl s 53539 MM batrxols
503608369¢0 (Cost) 300@gMH0mdol Jobodoboiosl, Gmglsg FNIS g35dwgal d9d6wbgdwyen
89093V
Fuzzy TOPSIS {oM3mopa9bl 9JdudgmGmer 8900mEl, Mol LobMldg ©sdm30gdm0s
99b39MEGHS BomYbMdLY s 500 3MT39BHYD305DY. Mo MBOM FgEo 339G IbGHMEMO 9Ju3gd GO
Sbgbls  53m3560l  BmMboggdgdol Fgisligdsl, dod MBOM BMLGHS Q9dMTszoo  Mbg0MgdS
((03b30000 3098303096390, MOMNMYMO  sEEIMbEH030LIMZOL, MMIgEoE FoMImogbl
35LbL 2905%Y39GH0wgdol Jowgdols 58m3Esbsdo).
2000 §gaol 306M39wo 0gbs 89dwdsggdmero Fuzzy Topsis segm®omdo, Gmdgeos sbgbl
965350 3M0GJO05E  450gdmdo  IMOZoEBHIMbsG0Mo  890535¢0  Imbo399900Lsm30L

3905093930 gdol Jomgdol sdmEs60L 4owsHY39@OL. 58 SEMOHO0mAL Jmbs F9dwgyo Loby:



2.1.1  seoam®oomdo:

d0x0 1: 2ob0olsBOIMML SEEIMbsG03900Ls s Fom0 Fglogsligdguo  3M0GIMH0wdgdol Los
50m3560LsmM30L.  MOMMGME  300GHYMH0MIoLoM30L  Mbs  0dbsl  goblyBOzBMwo  Godo
(LMY 0bMdOL (Benefit) 56 batrxol (Cost)).

30x0 2: 39b60LsbP3OM™ML 3M0GIMHoMdol fmbgdols s s EHIMBsGH030L Mgo@obaol dglsdsdolo
©0b6930LGHOO (33e5Yd0 TGbodsToLO EHgMHgdoo.

B30x0 3: 5dmE96sBY IMIMds3g 9Ju39gMGHYO0L o9 ImbEgll 3M0EIMH0MToL F9z35L9ds Hmbgdom o
5 G9MB303900L Tgx35Lgds MgoE0bygd0m - MOMMIMEo 3M0EIM0dol dobgz00.

dox0 4 oL53MOEMYdol FgMmEYdOL 98mygbgdom, 9dudgmEgdol gxsligdgdols dobggzom,
399mygz960m0  0dbsl fmbgdol golvdmemgdeo 39JGMOO s oIHY39EGHOWYdOL  Fobo=

dsBM030.

30%0 5: dmbgl 3505(3930w 00l d0Mgdol BsHO-FoBHMoEol brMToer0Bgds, MHsms Jo@Emoaol

000MYM0 JgIghEob ay, a; s az 3609369wmdgd0 dmgdsgb [0,1] Imswgwdo.

B0X0 6: I0MZHML  A505(Y3930wgdol  Jomgdol  dgfimbogro, bm®mTsobgdmwo Bsbo-
3530039, Mol Jowgdsg Imbgds {mbgdol 39d@GMMOL 259M3¢gd000 braMTse0Bgde
3oBHM035b).

Bd0x0 7: 3560L5BE3MML RBsB0-3DBoG0MMO 0YSIMOO FowsHY39@E0wgds (FPIS) s gsbo -

69390000 00gs@ O 35©sfg39HOwdS(FNIS).

30x0 8: 0mMWMIMWO 5 GHJMbEH030L5030L goMOMZoeMl dsbdogdo FPIS- sb s FNIS- osb.

30x0 9: 5035 Mb LosbEM30L 3MgBO(3096GHO PMOMMYMWO S GHIOBIGHOZ0LBsMZ0L.



30x0 10. Losbrm3z0l 3095303096306 45MOBIMY gbOLEBWIOMY godmTsz5¢0 Msb0Mgds
00MMYMI0 S EHIMBSEH0Z0L5MZ0.

3¢3250000 02307900, bggdol Lsboor 3sdebsbeyeros J390200:

S @B3HOgYdoL

F9xsbgdobmgols

@oba30LGH OO
A9Edgdob Brlibs

S bR 03900L Tgasbnds
S AHBYgB0b | P00 3HodgtorBol
BTGP / Bobyogom

3dmsbob Sdmblbs

3Podhmo=dgdol
Pmbgdo

G0 9mHomdgdol
Tgxsbindobogoly
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G500l Gubbs




2.1.2  do®momso 3698900 s 33635MEdgd0

RBsBo—M0EHb30. BMPsO© BHBO — Goblzl Mmgdgh olgm BsBo — Loowgl, GMIEOL
90391036900L 53bJ30s 900l $3MmBbgJowro s »MbodmpowrmEo.

15593900bs BSBO—MOEHZ0. Lsd3MMbo BoBO—-MOiEb3L (LFM) O35MJIg30 0lgo bMMTsEMG BsBO—
6ogbgl, MdmIgeol d0399m3bgdol imbdgos dgodergds 0dbsl dm3gdMEro GmymeE Lodzmombe
1bJ30s fA, 0g0 Fo6dmoygbl 6gdoldog® x MoEbal X -sb bsdzow MHoibgdo [0,1] dwmswgdo.
[7].

f()

o ] 2 3 X
Lo33MMbs Bobo MoEb3zo 930305 Bsgfgmmo d9dwgabsodo: A(ai, aj, az). a; Ls ©s as
D96 GH0wdo 8169305 0090l JobodseM, beerm a; oM EHowdo - oduodowry® 3609369 MddL.
a; s az Hom3moqbgb dmbszgdms gobsfogdol smgsol dobodsey® s dogdlodserme

faodowgdb.

0, x <al
X —a
7 7. a, Z2x = aq
24
fx) = X —a,
| ’ a’3>x>a’2
az — a;
k 0, X > as



500393030 M39M530900 533MMbs BsBo-MOEb3YdBY:
5MH0mMIYBH0IMWO  M3gM30900  LsI3mmbs  BoBo-MoEbzgdBg  89230d0s  FoMImz50030bmm
d90009bs06Moc:
a(+)b =(ay,ay,a3)(+)(b1,by, b3) = (a1 + by,ap + by, as + b3)
a(=)b = (a1 ,az,a3)(=)(b1, bz, b3) = (a1 — by,az — by, a3 — b3)
a(*)b = (a1,az,a3)(*)(b1, by, b3) = (ay * by, az * by, az * bs)

(a) _(a1,az,a3)  a; az a;

) = b bpby)  by'by by

ka = k(al ,az, a3)(ka1, ka,, ka3)

@06330LGMO 33e50: BoDBO-33WOOL 2o6BMYsYds 50l MM gdeo EobagolG Mo
3350, ™Mol 360d3bgwMdYdLsE HoMTmoyabl crobyzold Mo GHgcmadgdo [10]. mommgmeo
G960 HomdMoa9bl (3039990 & BoBo (3305OL OLEHYEGDL. 0bAZ0LEHWMO (33Ol
399mygqbgds  L3om@ oGP IMos 00 Moy  d9mbgzgz9ddo, MMEILLE  2oMgdm  SMOL
3033w9dumeo, bmwm glis vy ol 3609369mdgd0 MOMEsE 2odmbobgso B3gmwgdcog
(5mgbmdMH03 39Mdobgddo [9].

055@0m5, (369ds fmbs Fga30dw0s (o®mBm3z0y0bmm MMaMmO3 woby3zobEwemo (33Wso,
G0deol 3609369cmdsboE dg9Ls05890s 999930 BHYMTJO0: doE0sb B0, IBIWO, LyTMseMm,
05050,  dogrosh  Bopowo.  obazolGIMo  33wsol 3603369 mdgdol  FoMdmpabs
d9L5dE9gdgE0s LI 3MMbs BoBO- MOEH3gdOL LodMsEgdom.

356dogmo m6 gsBo Gogbgl dm®ols: vy dm3gdwyeros MmO Gobo- Mogbgoa = (ay,a,,az) @s b =
(b1, b3, b3) , 05806 3500 B0l 36300 356035MFHJBdS BMOIMOm:

da,b) = [3[(as —b)? + (@ — by)? + (az — ba)?]



2.1.3 3dgomeo:

3093500 dm399Mo 235436 Al, A2 ... Am sew@gMbs@ogs , Cl, C2 ... Cn 3M0@gmowdo ©s

3°050939GH0wgdol domgdol 9du3gMEH™S XyMRB0, MMIgeroi d9wqds K mdogd@ologsb, 85806 k-
@O0 9Ju39MOEHOL FgRslgds seEgMbo@ogzol Mmgo@obagdols s 3Mo@gmomdol mbgdol i- mEo
5 G9MBsGH030B5M30L s j - YOO 3O0GHIH0MIoLmM30L dga30dw0s B3HgMHMo Jdgabso®a:
x = (au, i u) Q)ow = (wk Wi, ]2, ]3)1)0@0(31 1,2..m s j=1,2..n.

3oL585WM9dOL IJNMEOM i-IMHO0 5 EHYMBSEH0Z0L Fgx 99900 Lodwowm Mgod0bygdo j -Mo
30039M0dol dobgzom dmoEgds 898w9gaboo®s x;; = (a;j, bij, ¢ij) ©S 0MZYds 9890
RMOIMWOoo:

&= mkin{aki,-},bij Zb".,, = max{c i}

Kk
2) aii:%Z i, b Zbk”’ ZC !

k=1

3oL585WMgdol  FGOMPOM  MOMMYNWO  3O0GHIMH0MIoL  Jgx 90900 bsdswm  ffmbgdo
903935 OHMYMO3 ij = (Wj1,Wjz, Wj3) Q5 3500m3egds 36dieroom:

: 1<
p W =mi Wy, 3, Wy, = ;sz’w = max{ijS}

1 1
2) wj1:EZijl,wj2:E;WJk2, ZW



390509393 0wgd0ol 00gdol BsDo- BoBMO3L S 3M0EIO0ToL Fmbgdol 39dEH™ML 593L 99990
Loby:

G G Cn
Al Xll X12 Xln
X X X
D — A2 21 22 2n
I X
An Xml Xm2 an
W= (W1; W3, ) Wn)

Boo@ Xij, Vi,j @d wj,i=12,...,m;j =1.2,..,m; 560b @wobagzoldMo (33¢s©gd0, HMmIgdos
Fo03magb0w0s MmO Lsd3NMbs BsBo-MoEblgdo: X = (a;), byj, ¢ij) @ W; = (Wjy Wjz Wjs3).

Be®BogroBsEos:
2905093930 gdol Jo©gdoL g3sbo FoEMoisl bm®mBoeroBs300L 899099 5936 890ga0 Loby:

R=[]uxn 1 =12,..,m; j=12,...,n;

bogs3

ij bij cij * .
T = (i—]’,c—]’,cc—]’) ©> C; =Mmaxc; Lo6RJO0s6MdOL (benefit) 30:0& MO0l dgdmbgggzsdo.
rij = (%,‘Z—i,%) ©o a; = miin a; boxob (cost) 300¢gMomdol d9dmbgggsdo.

35BHM03E0L brmMoobgdol 9999y oo MOmMgo 9egdgb@o 5oL br®Tswobgdmwo gsbHo-
L5d3mobs GoEbgo, GMIgeos dmgdigmwos bsdwz®gddo [0,1] 0bEHM35¢0b.

3905093930 gdol  dogdol  Fgfimbomo,  bm®mIsobgdwo  FoBeogs V' doowgds
39L58995 900 Fmbgdol godMmsgzcrgdom bmMTsrobgdmw do@BMmoady :



V = [Vilmxn, § = L2, ..,m;j = 1,2,...,1m; bosg vy = 13;(x)w;.

99000 go630boEMmm 08 Fo9e0MBY HMEILIE 3MBOGHOWOO 0JHMOO A5HY39GH0WGdS
5oL bLI3MbS MHosbgo IB0T3z6gMdom (1,1,1) beagrem 5gsEH0IMHO 0EJIMMO 3505(Y39EH0WGdS
s60b (0,0,0). A*=(1,1,1) oo A=(0,0,0).

00MMII0 5 GHJMbsE030Bsm30L Jsbdogro FPIS 9y s0m3mgds 89090 Bm&mImwoo:

n
j=1
00MMII0 5 GHJMbE030Lsm30L sbdogro FNIS 9y s0m3wgds 9900930 B3mMIMmo0d:

n
dl_ = z dv(vij, vj_),i = 1,2, e, M,
j=1

Lssg dy (@, b) 560 M6 GsBo LsIZMMbs Gogbgl Fm®ol Fsbdowol gosdmbsmzmgmo FOMIMS.

Losbeomgzgol 3m9803096¢0 CCi mommgmmo  sen@ghbs@ogolomgol  (o@Bmaoagbls dsbdogls,
OOz 30BoGHoMO 05O  350)Y39BH0EYd0EEb (A*), 5953MMMMs©  3MboGoME

0R)H 35039300006 (A).
00MMYI0 5 GHJMBEGH030B5mM30L LS MZ0L 3mgB0(E30YEEO 2odMOM3Egds d90Abs0Ms©:

SeA9MboG03zs  Y39wsbg  Bowowo  Losbwrmzol  3m9gx3030g6EG0m  FoMdmoygbl  Lywmzgmglicm
56B9356L 5 00 Y39 5BHY SbEIML 5O 3MBOEH0ME 0IITIO 2505)Y39G0WJOLMD s 58539
©OML 4z39wsHg ML bygo@ oM 0©YIWIO 3505HY39GH0WGOLMLb.
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B39bl doge [o®mBmygbogro  gosfiy39@0wgdol doEgdol  dbsmsdFg Mo  Lol@gds,

Mmdgoi 09gbgdl Fuzzy Topsis dgoml, FoMdmagboos 3 dmerol Lsboo.

000Mg) dmnv)endo Fuzzy Topsis d9omo  003egdgb@omgdmos bbgsabbgs GHodol
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3.1

bs93mmbs Gogbzgd by seymM0mdol MHYseoB30s.

L533mmbs MoEbzxdBY S¢EaMEMOMTOL MYSEoBGos 0YMEBS MG J39- IMEUYIESE. J39- TrmEMeEgdls
Mol goblibgsggdals Fo®dmapgbl godmmgeolisl gslisdwmscmgdols gsblibgsggdwmo gmmammols

359mygbgdo.

3oL5895WMgdOL BMOTMESTo 0w9olbdgds Modm©Ybodg BsBo- MHoEbzoLORD ghmo Lodmswm

B9D0o- ®oEbzol ogdols 2odmLOM3EIO FMOTMS.

1) bs8oemer sGoodgdozepero: 890mbggzs HmEaLog 3obsdMeEmgdumo 3sbo- Gogbzol

2)

000M)wo 3033mbg6E0 98mom3zwgds bgs MoEbgzgdols dglsdsdolo 3md3mbgbEgdol
LodMOEM SOOMIYEH0ZLIT0).

1& ¢ 1& 1&
h =—Za ij,bij =—Zb ij » Gjj =—ZC ij
k k=1 k k=1 k k=1

Jobodd-ds7oddol gmEFems: HMmEgLYE oLOTMsE MY BoBo-MHoiEbzol 30639wmo
3033mbgbEGHo godmomzmgds Lbgs MoEbzgdol dglsdsdobo 3md3mbybEgdols dobodmdom,
dgmbey  3mI3mbgbGH0-Lsdmsem  sMmOMIgBH03MNWwom, bmerm  dgbsdg  3mI3mbgbGHo -
dogduodmdoon.

) 1
3 = mkln{a"i,-}, b, :E;bkij'cij = ml?x{c"ij}

59m3obol  53mbLBol MM LoLEBHYIOL  SEIYMEOMTOL  MBYBY  LEMEEEYds  FGLsdsToLO
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5E0MM0mIob Md9bG0:

dm399os Bgdmm 50bodbeo F9dmnbzg3900l MgooBszools

public static TriangularFuzzyNumber GetMediumFuzzyNumber(List<TriangularFuzzyNumber:> numbers, bool useArithmeticAverage = trug)

TriangularFuzzyNumber num = new TriangularFuzzyNumber();

if (userrithmeticAverage)
i
double sumNl = @;
double sumN2 = @;
double sumN2 = @;
foreach (var item in numbers)
1
SUmNl += item.m1;
SUMN2 4= item.M2;
sumh3 += item.NZ;

num.N1 = Math.Round(sumNl / numbers.Count, 1);
num.N2 = Math.Round(sumN2 / numbers.Count, 1);
num.N2 = Math.Round(sumN3 / numbers.Count, 1);

glse

double min = numbers.Elementat{e).nNl;
double max = numhers.ElEﬂEﬂtAt(G).NEﬂ

double sum = @;
foreach (var item in numbers)

{

sum += item.NZ;

if (item.Ml < min} min = item.N1;
if (item.MN3 > max) max = item.N3;

num.N1 = min;

num.N2 = Math.Round(sum / numbers.Count, 1};

num.N3 = max;

¥

return num;

b

5@m0mdol 39domdolsl useArithmeticAverage 3364300l 356539@M0 296LsBLIMO3L 0L, 04

6390 BTN 300030 BT ™ BSBo - GoEbgaL.
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B5BO-MOEHIOL FoTMMIWS) S 9O bool 356539BHOL - MMIgeroa 939G M) MMIIO BMOIED

09650 g59my9b90o LodwoEm GoBO-MHOEb3OL AOTMBIMZW WS
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4.1 5¢mm00mdmmo bsfjogro.

9399mm dmEgdwmeos Fuzzy Topsis 5¢ogm®omdol Godm@gbodg domomoo Bwbjsos (MGmdwols
09MO0wo bsffoeros gobzobowgm Bgdmm) 3Gmy®ms3mwo 3ol mbyby:

1) 85660@0 M6 gsbo Gogbgl Imeols:

eference | 0 exce
publlc statlc douhle GetDistanceBetweenTwoFuzzyNumber {TriangularFuzzyNumber C, TriangularFuzzyNumber K}

i
1

return Math.Sqre(((Math.Pow((C.N1 - K.N1), 2} + Math.Pow(({C.N2 - K.N2), 2} + Math.Pow((C.N3 - K.N3), 2)) / 3));

2)  3sBHMoiEoL 6(*16)80@0"05300

pJLi;;"vﬂld nurmall ze{List«Criterium: criteriums)
‘ for {(int 1 = @; 1 <N; 1i++)
‘ for {int j = 8; J <M; j++)
¢ Listc<double> N21list = new List<doublex();
Listedoubles N1List = new List<doublex();

for (int k
1

@; K < Ny k++)

N3list.add(matrix[k, j]1.N3);
NiList.add(matrix[k, j1.N1);
1

double maximumofu3 = N3list.Max();
double minimumOfNl = NiList.Min();

TriangularFuzzyNumber target = matrix[i,j];

var criterium = criteriums[j];

if (criterium.IsCost)

i
target.Nl = Math.Round{minimuemofHl ¢ target.nN3,2);
target.N2 =Math.Round({minimumofHl / target.n2,2);
target.N2 = Math.Round{minimumdfHl / target.N1,2);

¥

else

i
target.nl Math.Round{target.Nl / maximumCtNz,2);
target.N2 = Math.Round{target.N2 / maximumdfN3,2);
target.nN2 = Math.Round{target.N3 / maximumOfN3,2);



3) 5(&680@00036*3@0 85@@030@56 d9fmbogo do@®moEol domqds:

puhllc vnld multlplyﬂnﬁ&lghtsf_:5-{T’iangu arFuzzyNumber> weights)

1

for (int i =8; 1 < N3 i+4+)

1
for (int § = 8; § <« M3 j++)

1
b

matrix[i, j] = matrix[i, j] * weights[j];

h

4) ®00MYMWO 5EEIMbEH030L5M30L 0 YO F5FY39GHOWYdSY (3HBOGHOMMO 56
635&@)0{360) 3s6doeols 458mm3zeols dgmmo:

puhllc Lis (dnuble) getDistancesFromIdealSolution(TriangularFuzzyNumber IdealSolution)

{

/160 bmmGedde H6goger Bamopgde momogme smBy®bsgogol dobdomoe IdealSolution - dgop
//({positive or negative) s EBFA0Brgds List ol Lobom
List<double> result = new List<double>();

for (int 1 = @; 1 < N; i++)

1
double distance = 8;
foer (int j = @; j < M; j++)
1
distance += FuzzyTopsisOperations.GetDistanceBetweenTwoFuzzyNumber(matrix[i, j], IdealSolution);
b
result.Add(distance);
}

return result;

5) boob@mgob 30980309630l M3 5 890908 dMHI6gd.:

eference | excep
public List (double) getSolutionForAllAlternative(TriangularfuzzyNumber positiveIdealSolution, TriangularFuzzyNumber negativeIdealSolution)
1
// d* ob @smgms momngamo smB)fbaGogobogol. dMHmbogds list,
/ /Bemdgmbop cmomegmmoe gumgdgbdo 6ol momegmme smm@afbagogol d*
List<double> dFromPositive = getDistancesFromIdealSolution(positiveIdealSolution);
/7 d- ol gscgmme momngymmo smBoHbiGogobogol. dfnbogds list,
/ fBmdgrmdos momegmymo gmadgbio sfHol moooymmo sm@gfbadogol d-
List<doubler dFromNegative = getDistancesFromIdealsolution(negativeIdealsclution);
List<double> solution = new List<doublex();

for (int 1 = @; 1 < N; i++)

1
var res = dFromiegative[i] / (dFromPositive[i] + dFromNegative[i]);
solution.Add(res);

}

return solution;
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c2 Lsfpdgeo(Bensfit) v n
c3 Lepdgemo(Benefit) v n
c4 Lafiggdgemo(Benefit) W n
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coslisbgeands @3bsbgemgds N1 N2 N3 il 12 13 H
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Good G 5 7 o u
Very Good VG 7 9 9 n
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C1 benefit High v
c2 benefit Very High v
C3 benefit Very High v
C4 benefit Medium v

C1 c2 C3 C4
Al Fair v Very Good v Poor v Fair
A2 Good v Good v Poor v Poor
A3 Very Poor v Paor v Poor v Fair
Ad Poor v Very Poor v Very Poor v Very Paor

IT ggu3gG ol dgxsligde:

C1 benefit Medium v
C2 benefit High v
C3 benefit High v
C4 benefit Low -

C1 c2 C3 c4
A1l Fair v Very Good v Fair v Fair
A2 Good v Very Good v Poor v Poor
A3 Very Poor v Poor v Very Poor v Poor

Ad Very Poor v Veery Poor v Poor v Very Poor



IIT g3t ol Bgg3slsgds:

C1 benefit Medium
c2 benefit High
c3 benefit High
C4 benefit Low
C1 c2 c3 ca
A1l Fair v Very Good v Poor v Poor
A2 Fair v Good v Poor v Fair
A3 Very Poor v Fair v Very Poor v Very Poor
Ad Poor v Very Poor v Poor v Very Poar

4221  50m5560b 59mblbbs (bsdwpscrer s6:00009H0329¢0lb §goom0)

53cm3s60b ibabgemgds: Demo
5dcm3sbob smfg@s: Demo Description
s>senda®@bsdoggdo: Al, A2, A3, A4
JOo@gto=)dgdo: C1, C2, C3, C4
360@gGo0=)dob Hembgdo:

(3.7,5.7,7.7); (5.7, 7.7, 9): (5.7, 7.7, 9); (1.7, 3.7, 5.7);



323fg3000gdob Bx3GHogs:

(3,5.7)(7,9,9)(1.7,37,57) (2.3, 4.3,6.3)
(43,63,83)(57,77,9)(1,3,5)(1.7,37,57)
(1,1,3)(1.7,37,57)(1,1.7,37) (1.7, 3, 5)
(1,23,43)(1,1,3)(1,23,43) (1,1, 3)

32@3{939090¢g80b Bextdamobgdrieo dxdHogs:

(0.36, 0.6, 0.84) (0.78, 1, 1) (0.3, 0.65, 1) (0.37, 0.68, 1)
(0.52,0.76, 1) (0.63, 0.86, 1) (0.2, 0.6, 1) (0.3, 0.65, 1)
(0.23,0.23, 0.7) (0.3, 0.65, 1) (0.23, 0.4, 0.86) (0.34, 0.6, 1)
(0.23, 0.53, 1) (0.33, 0.33, 1) (0.23, 0.53, 1) (0.33, 0.33, 1)
22393909080l bextdaemobgdree, dfjmbocre B39Hogs:
(1.3,34,65)(4.4,77,9)(1.7,5,9) (08, 25,5.7)

(19,43, 77)(36,66,9)(1.1,46,9)(05 24, 57)
(09,13,54)(1.7,5,9)(1.3,31,77)(06,22,57)
(09,3,77)(19,25,9)(1.3,41,9)(08,12,57)

@Bgo6gds: A3 0.547643869680018> A1: 0.543355929140349> A2: 0.542290200239363> Ad:

0.541724373997591,

4.2.2.2  s0eagsbol s80blibs (0060098 Gs5bodwydol dgoreaoo)

53m3s6ob asbabgengds: Demo
2dm3obob sefg@ms: Demo Description
semygdbsGoggdo: A1, A2, A3, A4
3Mo@g®omdgdo: C1, C2, C3, C4
36003960=930b Fabgdo:

(3,5.7,9); (5, 7.7,9); (5, 7.7,9); (1, 3.7, 7);



29©3430G0gool BoHHOES:
(3,5,7)(7,9,9)(1,37,7)(1,43,7)

(3,6.3,9)(5,7.7,9 (1,3,5 (1,37, 7)
(1,1,3)(1,37,7)(1,17.5 (1,3, 7)
(1,2.3,5)(1,1,3)(1,2.3,5) (1,1, 3)

83005§439G 000l brrBTaroBIOTHT0 DoGHog:

(0.33, 0.56, 0.78) (0.78, 1, 1) (0.14, 0.53, 1) (0.14, 0.61, 1)
(0.33, 0.7, 1) (0.56, 0.86, 1) (0.2, 0.6, 1) (0.14, 0.53, 1)

(0.2, 0.2, 0.6) (0.14, 0.53, 1) (0.2, 0.34, 1) (0.14, 0.43, 1)

(0.2, 0.46, 1) (0.33, 0.33, 1) (0.2, 0.46, 1) (0.33, 0.33, 1)
3°©y3900gd0b braredxroTdero, Byfinbocro BMoEs:
(1,3.2,7)(3.9,7.7,9) (0.7, 4.1,9) (0.1,2.3,7)
(1,4,9)(2.8,6.6,9)(1,46,9)(0.1,2,7)
(06,1.1,5.4)(0.7,4.1,9)(1,26,9) (01,16, 7)

(06,26,9) (16,25, 9)(1,35,9)(03,12,7)

GoBgotgds: A3: 0.540469406121535> A1: 0.539582885168256> A2: 0.537709246114237> A4:

0.537065292222184,

5670690900 GgEsMds:

1) bsdegsemer s(2009990z3e9¢70b dgormagoo:
Gbgotgda: A3 0.547643869680018> A1: 0.543355929140349> AZ: 0.542290200239363> A4:

0.541724373997591;

2) Jobod~d-059b08r980l dgormgoo:
Gabgomgds: A3 0.540469406121535> A1: 0.539582885168256> AZ: 0.537709246114237> A4:

0.537069292222184;
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L53oQ0LEMM BsdOMTTo Qobbormeros Fuzzy Topsis dgom@bg ox3dbgdgero 4005)9Y39GH0wgdols
dom9ydol  0b@H9wgdEH oMo LobGgdol d9ddbols, LoLEgdol dmEwEgdol  FsmgdoE03wOO
MBOMD39wYmRols s saMmOomI0Bs3ool  s3m356900.  LobBgds M BOMB3gymals
965359dl3gO G S MW IO0GIN0E 45M9dMT0 461 HBOZMIWO s EHIMBSEH039d0L
15993979LMED MOGLoLIND MbIOMYISL. LoLEBHYTs 0lg MOl 5900, MM 9dudgMEGHdo 390-
39099mdo  5x30JLOMYdIG6  L3MMIM gJu3gOGME 3MELLL, OMIgEos 3MbgbloMgwgds ..
9GHOIMbMO  3mbsdo. fmbgdol g9bgsEos IMegz5¢abEO030 JoEAMIYO0m YOO MB3gEYmals
3dIbToMm9d0l 2509%Y393 0900l MHoLZYd0L J0dsM00 A5BHYMBOL gomgzsoliffobgds.

6596mddo Fomdmgbowos gowsfyzgBHowgdol domgdol 0b@gwgd@swmémo Lob@gdol Fuzzy
Topsis sam®omdol M7oe0B30900. MgoEE Foow0mYdbY IYMbmdom Tglffogwowos
dgomEol  BLEGM®MIGHMOS s BYO0DYOWWos SBodbMwo TgomEol sdmmzeols idgdgdo
3OMM50ws©.  dgomo  Homdmagbowos Lsdo Mol Lsboom Lbgsslibgs  GHodol
(03Eb3900L5M30L O POMMYMO FMEIEPO IYMBOW0S J39-JMEMIGdS© Foblbzoggdmwo
5 MMH00dgd0L Mgoe0Bs3ool JoBbom.
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