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Preface

In thrs thesrs, the center of drscusston ls some llmttatlons of soft set

matnces and lLs uses The soft sets concept was expressed by Molodtsov rn 1999

[17] Thrs concept rs used to solve some comphcahons ln the fields of economlcs,

engneenn8 and envrronment because all these areas have some dlstlnchve
uncertarnbes regardrng these problems The concept of soft set ls applled ln
fuzzy sets, rntulhonrstlc fuzzy sets, vague set, lnterval mathemahcs and rough

sets In thrs thesrs, some drscusston ts also done on matnces, whlch have a

srgnrficant role rn the vast field of engrneerln& economtcs and soence But, the
old theory related to matnces ls farled rn solvrng the uncertarntres, whlch are

caused due to rnaccurate clrcumstances Matrrces have dlfferent propertles

whrch rnclude' commutanve law, assoctarlve law and dtsrnbuhve law

In the study, the rdea ofsoft sets ts descnbed by hnkrng an advantageous
method wrth soft matnces Thrs study also tnvolves the Narm Cagmanis and S

Engrnoslu [5] research whlch hlghhghts the usage of soft set rheory ln more
preose manner He descnbes the dlfferent dlmenslons of lts appl,catlons
Inrhally, wrth the help of rough sets, he Save the theory of soft sets ln declslon

mahng problems xrao et all [27] had done a research hrghhghhng buslness

competrhve capaoty based on soft sets Malt et al, [13] defined the fuzzy set, as

the trme passes a lot of work has done tn fuzzy soft set The definrtron of soft
group was grven by Aktas and Cagman [1]. They also made a comparrson
between soft sets to the rough soft sets and fuzzy soft sets Subsequently, many

other researchers have done a lot of work on thls concept and gave many other
theones related to the soft seLs Roy and malr [25] have also done some work on

the apphcatrons and decrson makrng problem Malumdar [16] Introduced the
reducnon offuzzy soft set and then examtne a decrsron mahng problem by fuzzy
soft sets The theory of the Rough sets ts explatned by Pawlak [23] for the

analysrs of the data posslbly wrth lnconststent tnformahon, Thls theory has been

used ln many fields such as beauty contest, pattern recognltlon conflttct analysrs

and swrtchinE crrculLs
In the llght ofabove menhoned facts, we tndlcates some hmltatlons ofthe

products of soft matnces grven by Narm Cagman [5], We pornted out that the
products of soft matrrces are not blnary It does not sahsfy many laws whlch
lnclude Closure law, assoclahve law and dlstnbunve law Keeprng ln uew thls
drawback rn thrs thesrs we have lntroduced new products ofsoft matrlces, whlch
are brnary We have also shown that accoclatlve laws and dlstrlbubve laws also

holds

Structure ofthe Thesis

The thesrs is organlzed chapter wlse as follows



Chaptcr 1:
Thrs chapter rs rntroductory and sets up the background for the problems taken

rn the thesrs Semrnngs, Soft Sets, Soft-Unron-lntersectlon Sum, Soft'Unlon-
lntersectron Product and related results are drscussed

Chaptcr 2:
ln thls chapter the artrcle "soft matrix theory and rts decrsron maklng" ls

revrewed

chaptcr 3:
ln thrs chapter, keeprng rn uew the drawback and hmrtatron such as the
products of soft matnces defined rn the paper revlewed are not blnary and that
assocraove and dlsrrrbutlve laws are not satlsfied, we lmproved the producLs of
soft matnces and named them B-products of soft matrlces Ir ls also shown that
the defined producLs are brnary Further tt ts also shown that these products now
sansry the assocraove Iaws and drstrtbuttve laws as well

tl



Chapter 1

Preliminaries

Ths chaptn provrdes the essentrfll defirutrons rnd prcLmrnarv results qhrch arc useful

for our subscqueDt chapt.rs For undefincd tcrms and notrons we refcr to (tli t2l t3l'

l4l l5l. I81, I101, Ir4]. II6l. [15], I17). [23]. [251. [27])

1.1 Semigroups

L€t S bc a noD-empty s€t and "*" bc a brnarv operatron on S Then (S' *) r: called

a seflqmup r[ thrs opcratron ls rssocrrtrvc, that rs

o* (b*c) = (rl-b) *c for rU a.b'c € S

A semrgroup (S, *) rs celled commutatn. i

arb=b+a foralla.b€S

1,1,1 Definition

Let (S, i) be a semrgroup If there cxEts rn clemeDt e € S such that

forallo€S,

theD e ls called the Nd.nti!.lement n S 
':nd 

(S. +) rs callcd a monord

An elem€nt z e S rs called rdcmPotent rf :'*'=' If clery 
'lcment 

of Sls

rdempotetrt then we say Lhrt 5 rs rdcmpot'nt

Usually mshead of w trng (S, *) we wrrtc S & rnsi'ad of wutrng ' * v we wntc rs'

for dL,y € S
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1.1.2 Examples

1 (N, +) rs a scmrgroup

2 Let S: {ar, a2, a3, ) such that + bo defined on S bv

(S,+) rs a semtsroup

q * or : (I' Tlher

(No, +) rs a Nlonord. where No: N u (0I

(2, ) ls allono'd

{0, 1} rs e monord under " '

For any set x, (P(X), u) and (P(x), n) are monords

1.2 Semirings

A semnng ls an alg.brarc sysbem (offrstxE of a Don-lmpLy set 
'i 

togetller $1th ii\o

b)rary operrtrons called "addrtron" and "multrPhcatron" (deDot'd bv '+" atrd

rc5pectrvcly) such that (4,+) and (n, ) arc scrrugroups and multrphcahon drstnbutes

over addrtron from both srd€s. that ls

a (b+c)=a b+a c,.nd (b+c) a:b a+' o

foraIIo,b,celt

1.3 Soft Sets

Soft s€t theory was rDtroduced by D \Iolodisov [17] lt ls a new npproach for the redl

world problems rn the fietd ot cco omrcs, enBneerrnt' maragem€nt 'tc trlolodtsov's

soft set theory was proposed for dcalug wrth ambrguitv He also delined sontc opera

troDs for soft set theory

1.3.1 Definition [17]

Let U bc an rmtlal uruv€Is€ , E be rhe sct of all possrble parrmctors under tonsrdcr

rtron wrth rcspect to U and,4 be a subsot of E Then a pan (f' 'a) ls called a sol

r., over LI. whorc F 1g a mapprng grven bv F ,4 - P(U)

For e € ,4, ,E(c) may be consrdcred as tbe s't of e approxrm<rtc elements of rhe

soft set (li, .4)

P'rameteN are often attnbuies, cheracicnstrcs' or propertres of obJ('(ts r solt

sets For example brg, alry, tall, cool. hot woodetr, expensrve, cheap ct'
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In othcr words, a soft set ovcr U rs a Pr metenzed famrl) of subscts of thc unrvcrsc

U For. € A, F(c) mry b. consrder.d as th. sct of c-approxrmatc elemcDts of thc

soft sct (F, A)

1.3.2 Definition [15]

For two soft scts (F. A) and (G,8) over a common umvcrse U we sa) that (l" A) rs

a soft stbs.t ot (C, B) n

L{qaaDd

2 Fle) e C\4 for au c € A

wc wnte (F, A)-(G, B)

ln ttus casc (C. B) ls sard to bc a soft super sct of (F, '4)

1.3.3 Definition [15]

Two soft s.t! (F,,4) and (G. B) over a common umversc Lf arc sard to be soft '!ual
rf (F, ,4) $ a soft subset of (G, a) and (G, B) Is a soft subset of (F' A)

1.3.4 Definition [2]

Let U be an rrutlal uruvcrse s€t E be the set of prramet'rs and '4 
g E

I (F, ,4) rs called a relatrvc null soft set (vlth rasPcct to the pararncter sct A)

denotcd by 0A, rf F(a) = 0 for rll a € A

2 (G, A) rs called a relatr!. whole soft scl (wrrh respcct to the paramctcr sct 'l)'
d.notcd by qa, 

'f 
G(a) = U tor ell a € '4

Thc re)atrvc wholc soft s.t wrih respect to the s€t of Paramctcrs E ls called th'

otuolrl.. to1t set o.'E U rnd denoied bv Ue ln e srmrlar wav' the rclatrvc null soft set

wrth respect to E ls called the null sofi sct ovcr U and rs d'notcd by lJE

We shrll dcnotc by 0o thc unrquc soft sci ovcr U wrth an empt] paramcter sct'

whrch rs called ihe .mpty solt s.t ov'r U Note thrt 00 and 0a arc drffcrcnt soft sets

o'er t/ and 0oi0;e(F n)cu,rile for rll soft set (F, '4) ovcr t/

1.3.5 Defilition I2l

Exrended ltn,o' ol tU/o soll s.Ls (F, 'a) and (G, B) ovcr the common unr!'rsc U h

the sofi set (H, C). whqe C = Au B and for ell e e C'
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( F@ tleeA B

a(c)= { c(€) {eeB-A
I r(")rcf.t t! ce AnB

Wc w tc (I. A)q (C, B) = (H. C)

Th. .ateided l,|t.rs.ctloa of two soft scts (F, A) and (G,

U, rs thc soft set (II, d) whcreC= AUB.ndfordle
( rvl t!etA-B

H(?) -{c(?) tlecB-A
I Ftet -Grer tl ?e A1B

We wuie (F, ,4) n6 (C, B) = (fl' C)

1.3.6 De6nition [2]

Lci (F, .4) and (C, B) b. two soft sets ov.r the sam. untvcrs' aI, such rhat '4 
n B I 0

"lhc ftrttact.d utaon of (F,,4)eDd (G, a)rs denotcd bv (F 
"{)u]?(C 

A)ar)drsdcfincd

as (F, ,{)ue(G, B) = (il. C), whcre C = ,{nB rnd for rll. € C' Hle) = F\?)uC\e)

If A o B = 0, then (F, ,,t) u,? (G. A) : 0o

r.3.7 Definition [2]

B) olcr r common un,lersc

e c,

1.3.8 Deffnition {21

Lct (F, ,4) and (G, B) b. iwo soft scts over th' sam' unrversc U such $ar Ar B I t
'lh. ftst11ctcd nten.ctron of (F,,4) and (G, A) rs denotcd bv (F A)n?z(C 

')drldIs
dcfined as (F, ,4)n2(G. a) = (I{, AnB), whcrc H(c) = F(e)nc(e) ror all € € AnB

rf ,4 n B = 0 thcn lF, A) ntr lG, B) = 0o

1.3.9 Definition [2]

Lct (F, A) and (C, B) bc two soft sets over the same unrv'rsc L' such thdt A r a I d

Thc ftst-:,ckn dtfr.ftncc of (F, A) and (G, B) rs denoied bv (F A) 't \C' B) znd

,s dcfincd as (F, 1) .-e G, B) = lH,,4na) qherc Hk) = Fk) - c(r) fot atl

e€ AnB
lf .4nB=0thcn (F, A) -RG,B)=00

1.3.10 Deffnition [2]

The compl.mcnt of a soft set (F, /) Is denotcd bv (F. 'a)' and rs dcfirrcd bv (F'

A)'=lF,A) whcre F .4 - P(U) ls mrpprns srv€n bv F (e) =U-F(') for dll

ce A



t. Preliminaries

clcarly (F, ,4)' = uA -2 (F. ,4) and ((r. ,4ff = (r' ,{)

r.3.11 DefinitioE l15l

Let(F,,4) and(G B) b. any two soft s.ts over a common u vcrsc L Thcn theb'\rc

rntersectron of two soft sets (F, A) and (G. A) rs defrncd as thc soft set (fl C) =
(F ,{)^(C, B), where C = ,{ x B, and L (o. b) = F(a)nC(b) forall(o. b) € '{xa

1.3.12 Definition [15]

Lct (n ,4) rnd (G, B) be any tqo soft s€ts ovcr I common unrvcrse Lr Then thc

basrc unron of two soft scts (F. A) and (G, B) rs defincd as the soft set (E C) =
(a ,4)v(C, B), wherc d = n x B, and H (a b) = F (o)u6 (b) for all (o b) € AxB

1.3.13 Theorem

Let (F, A) and (G, A) be two solt scts over thr samc uDrverse U such that AnB I 0

Then

(r) ((F, ,4)ui (G, B))" = (F, .4rn'E (G, B)'
(2) ((r" A)na (G, B)r = (F. A)'ue (G, a)'

1.3.14 Distributive Laws for Soft Sets

In thrs lectron. wc drscuss drstrlbuht€ la$/s on the collechon ofsoft s'ts It ts rnter€strug

to see that the equalrty docs not hold rn ca.h rnd evcry case \\c set thc rmproperDcss

rn lome assertrons and countcr cxample rs Srven to shou rt L€t U be rD rnrtral unr\€rsc

rnd , bc ihc s€t of Param.t.rs th.n wc denote the collcctrons of soft sct as follos's

SS(U)E Thc coll.chon of all soft scts d.nncd ov'r U

SS(U)e The collectron of.ll thos. soft sets dcfned ovcr U wrth a fi\cd parameters

sct .4

1.3.15 Proposition [3]

Lct (F, A) be a .oft s.! o1,.r th. unners. "t U

(I) (r,,a)o(F,,a) = (F.,{)tor atl a € {ne,ut)
(2) (F. ,4)o€ 0,r = (,1

(3) (F,,A)ua 0r = (r.,4)
({) (F, A) nR u{ = (F, '{)
(5) (F, A) uc uA = u4

Proof. Strlshtforward .
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1.3.16 Remark [3]

L.t o, B € {u, n, ug, n.) Then

(R.{)a((c, B)P(H,c)) =((r, a)o(c. a)) s \(F t)alH C))

holds when wc have I otherwEc 0 rn Table 2

Tabl. 2 shows that, rf a, p € {Uc, nR, U., n. }. thcn th.rc are srxtccn combrnatrons

rn all. rhere arc four combrnrtrons rn whrch a = J and for elEht combrnatron equal_

rty (r, ,4)a((G, B)0(H. c)) = ((e e)a(G. B))d((F. A)o(I/. C)l wrll holds

Proofs rn the crs. wherc cqurllty holds can be followed by definltrons of rcspectllc

operrtlons For four rcmauung o rnd d thrs cqudlty docs not hold To show thls $'e

havc followrng examplc

tu
I 1 1

I I

0 0

I 0 0

Tablc 2

1.3.17 Example [3]

Let U be th. set of sample dcsrgns 
^ndE 

bc th' s€t of t\arlablc colors for drtsses tn a

U = 1Sr, 52. Sr, Sa, Ss, So, Sz, StI
E = {Rcd, Crctn, Bluc, Yellow, Black Whlte Prn}}

Supposc thrt
,,1 = {Red, GrceD, Blue, Wh't.}, B = icrcln, Blu', Yelloq Blackl

and C = {Bluc, Yellov, Whrtc, Prnk}

Let (F. ,4), (G, a) and (H, C) b. thc soft scts over U, whrch are dcfined as lollous

F(Rcd) = {Sr, Sr, 53, S,1}, F(Grecn) = {S:, & Ss, So},

F(Blue) = {Sr, 52, Sr.5z}. F(whrt') = {Sz, Sr' Sa}

G(Crcen) = (Sr, Ss. Ss, Se), G(Bluc) = {Sr, Sr, Sr' S'r}

6(Yellow) = {Sr,5s, So, Sr. Sr}, G(Black) = {Sr,5:, Sr Sr}

and

H(Blu.) = {S3, Sr, Sz, Sr}, H(Yctlo*) = {S1 Sr, Sz}

Ir(whrtc) = {92, Sa, So,9r}, H(Prnk) = {Sr' 53, Ss, Srl

Lct
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(I', rl) u. ((G, B)ua (H, C)): (1. A u (a n c)),
((-E,,4) u. (G, B)) uR ((r',. A) u, (H, C)) = (J. (A u B) n (,4 J C))

(r, ,4)u6 ((G' B)u.R (n' C)) = \K ' 
Au lB rcD'

((F, ,4) u. (G, B)) u" ((r, ,4) u. (ri, c)) = (r, (,4 u B) n (/ u c)).
(F, A)u, ((G, B) \-), (8. C)) : (,r1, Ar(BuC)),
((r, A) u. (G. B)) u. ((r., A) u. (Ir, c)) = (N, (,4 u B) u (a u c)).
(F, ,4)u. ((G, B)uclH,c))= (o. Au(Buc)),
((r,,4)u.(G, B))u. ((r" /)u. (fl, c)) = (P, lAr B)u(B )CD
Then

I(Red) = {Sr, 52, S:, Sr}, /(Crecn) : {S3, Sa, Sr, Soi.

/(Blue) : {S1, Sr, Ss, Sa, Sz, Sr}, l(Yettow) = {Sr, Ss, Se. Sz, Ss},

I(Wtute) : {S2, 53, Sa}

J(R€d) : {S1, Sz, Sg, Sr}, J(Crecn) : {S3 51, 55 56. Ss).

J(Btue) : {Sr. Sz, Ss, S,r, Sz. Sr}, J(Yellow) = {Sa, Ss, So, Sr' Ss)'

J(Wtute): {Sr, 53, S{, 56, Ss}

Thus

(F, ,4)u, ((G, B)uRlH,c))l\@,A)u,(G B)) uR ((I, '4) 
u. (11 C))

Now,
((Red) : {Sr, Sr,53, Sr}. K(Grcen) = {S3, Sa, Ss So}

Ir(slue) : {Sr},
Kffenow): {S4, 55. S7}. K(Whrtc) = {Sr, Sr, Sa}

,(Rcd) : {S1. Sz. S.r, Sri. I(Grccn) = {Sr' Ss, So},

r(Btue) : {Sr}, I(Ycllow) = {Sr' Ss' Sr}.

,(whte) : {sr, sr)
Thus

(r',,4)n. ((G, B) n.R (8, c)) + ((F, A) n. (G, B)) oa ((r', .4)n. (fl. C))

Agam, we s.e that

,lf(Red): {S1, Sr, Ss, Sr), M(Green) = {S3, 51 Ss, So, Sr},

,tr(erue) = {&, Sz, Sr, Sr, Sr}, M(Ycllow) = [s1, 55' sz].

,LI(Bla&): {S1,52, S{, S7}, ,r(W}ute) = {Sz. Sr, Sr, So, Ss},

,u(Prnl) : {Sz, Ss, Ss, Sz}

N(Red) : {S1, Sr. Ss, Sr}, N(Grcen) : (Sr,5r, Ss, So},

N(Blue): {s1. Sr. 53, Sa, Sz}, N(Yenow) = {sr, sr' szi

N(Black) : {S1,52. Sr, Sz}, N(wh'te) : {S:,5r, Sr}

N(Prnk): {Sr, S:, Ss, 5z}

Thus

(r,' ,4) u. ((G, B) n" (Ir, c)) I ((F, ,4) u. (G, a)) n6 ((I' ,4)Lr. (fl' c))
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Now,

O(Red) = {S1. Sr, Sr, Sr}, O(Green) : {Sa' 55. S5},

O(Bluc) = {Sy,52, Sr, Sz} O(Ycllow) : {S1' Sr, Ss, Sz Sa}

O(Black) = {S1,52, Sr, Sz}, O(W}utc) : {Sr' Sa},

O(Prnk) = {Sr, 53, 55, 57}

and

P(Red) : {S1, Sr, 53,5r}, P(Creen) = {Ss, Sr, Ss. Se},

P(BIuc): {S:, Sr, Sa,5z}. P(YcIlow) : {S1 55, 56,5r Sa}

P(Black) : {S1, 52, Sr. Sz}, P(wbrte) : {S2, S:, Sr}

P(Prnk) = [Sz, Sr. Ss. Sz]

Thus

(r, /) n. ((G, B) u. (I/. C)) I ((r., I) nc (G' B)) u. ((r, ,4) -r. (n c))

1.3.1E DefinitioD[15]

L.t U be an mrtral Drxversrl, P(U) be the pow€r sct of LI. -A be thc set of all pJrarneter

ar,d A,B e E,

Let (F,,a) and (G. A) be th. bwo soft sets o\rer a common uruve$e U

Then thc br.stc mtersectron of th€ two soft scis (I', A) and (G B) rs definc as the

soft set

(H. c) =(F, A) 
^ 

(G, B)

whercC:AxBsuchthat
H (e1, c2) : F(e1) n G(e2) v (e1 e2)eA>'B

1.3.19 Definition [15]

Let U b. an rDtral unversal , P(U) be the power s€t of U, E be tho set ofall Pflraueters

a A.Be E
Let (F,,4) and (G. B) be thc tno soft s.ts ovcr a common uIuvdcc U

Then th. basrc Un]on of the two solt scts (r', ,'1) and (G B) ls definc<l as the soft

lH, c) = lF, A) v (C,B)
wher.C=AxBsuchthat
Ir(er, cr) : F(cr) U Glez) Y ler. ez) e A x B

1.3.20 Theorem [2]

If (r'. ,4), (C, B) ana @, c) are threo soft s€ts ov'r U, then

I ((I..,{)^ (G.B))^ (Ir.c) = (4,4)^ ((C,B) 
^ 

(H,C))
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2 ((.rr. A) v (G, a)) v ( H.c) = (F. A)v llc,B)Y (H.CD

3 (n,{)^((c.B)v(rr,c)) = ((F. n) 
^ 

(G, B)) v ((F ,4) 
^ 

(H c))

r (F, ,{)v ((6,r)^ (Ir.c)) = ((r,,{) v (c.B)) 
^ 

((r',1) v (H c))

The [o))omng rcmark shows that thc pNamcter s€ts on both srdcs of t])c abo\e

asscrtlons 3 rnd 4 are Inconslstcnt rn Sencral

r.3.21 R.emark [21

L€t (F.,{), (C, B) and (I/, C) bc soft sets over a common ulrverse U Tht soft

set (F, A) a ((G, a) v (fl, C)) on lcft srde of 3 has th. pa metcr s€t A x \B x C)

and thc soft sci ((F. A)^ (G, a)) v ((F, r4) 
^ 

(fl' C)) on rrght srde ot J has a sct

of paramctcrs as (AxB) x(nxC) Butrn[15] wccen not find anv notrorr $hr'h

A '<lBxC)=lA\ B)x(AxC) Hence rn Proposrtron 26 [15] tuo statcmonts

r (r ,{) 
^ 

((c, B) v (/r, c)) = ((F. n) 
^ 

(G. a)) v ((F, A) 
^ 

(/' c))

2 (F, A) v ((G, a) 
^ 

(H. C)) = ((n A)v (G. B)) 
^((F.A)v(J/,C))



Chapter 2

Soft Matrix Theory and its
Decision Making

ID tlus chapter we rcvrew the paPer of Na'm Cagman and Serdar Engrnoglu [51

2.L Soft Matrices

2.1.1 Definition [5]

Let U b€ atr rutral umversal, P(U) be thc power sct of U, E be thc sct of all p'rrarneier

andAeE
A soft Bet (/,a E) over U rs dcfined bv thc s€t of order palls

lJ t, s) = {UaG), e) l^k)eP(u).e€El

wherc ! a E - P(U) such that la(e) = C rf €+ A

Here /,{ Is callcd rPpnomatron functron of the soft set (/a' E) The sct (l1 E)

ls callcd e-appro,omate soft set 'fhe €lement /(c) rs called the e-appro'omate valu''

whch consrsts of rclet.d obJe(t of th. p.r3rn'tcr € € -8

2.1..2 Definition [5]

Let \!a, E) be an apProromat. soft set over U Then a uDrque subsct of 
'I 

x E rs

defined by

Ra:l@. e) ue l^G),.e E|

ls crlled approxrmate relatron

10
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2.1.3 Definition [5]

Let us defne a mapprng In{ U x E - {0. r} such thdt

lf U={q,u2.ut. t-}andE:{er,cz,ca. ,e"}andAqE t}retr-Ra can be

prcseDt.d by a table as rn ih. folowlng form

Rt e2

xn,fut,er) xn ^fut,ct) 1n. (u1, e")

xn,fuz,cr) xa 
^@t. 

ez)

rR. (t-,.r) x n.Q'^, ez)

i a,, : yp^1u,, er) wc dcfine a mainx

Wlnch rs called an m x 
'r, 

soft matrrx of thc soft set (/,a,E) on a unrrcrse tI

Vanous iwes of products for the elem€nts of SM-'. are deEncd rr: the followtng we

rcconsrder thcse products

Accordrg to the d.fimtron, soft set (/,{, E)rs DDquclv characteflzed b} the mdtrl\

[o,r] lt means that a soft sct (fi. ,E) rs formalJv equal to rts soft matnx [ou]-:"
Ther.foF we shell rdentrfy any soft sei wth rts soft matrrx and rs use the5c t! o

concept Ls mterchangcable

The s.t of all m x fl soft matrrces ovcr U w l be d.nohcd bv S'['^x" From now

on w. shel delebe the subscrrpts m x n of [4,,]-'" we use k'Jl rnstead of [o'r]-'.

2.r.4 Exa-mple [5]

Assumc that U : {ur, 22, u3, ua, u5i rs a umverstl set and , : {tr, er, es, ea, ts} rs a

s.t of parnmcters rI A= le2,q,cal z;nd J^k2) = {L2,laa}' taks):A,ltkt)=U'
then ee wrlbe a soft set (-f.r, E): {({ur. q}, cr), (U, €d)} and thon the relatrcn forll)

of (l{, E) rs wrrtten by fi,i : {(tr. c:),(ua, c:) (ur. ea),(ur. e1),(u3 cr) (ua cr)}

hence the soft matnx la,rl ls Mriten bY
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2.r.5 Definition [5]

Let lo,tl € SM^," Then [o,,] ts called

1 A zcro matrrx rs denoted bv [0], rI a', = 0 for all t aDd ,

2 An A-umvcrsal soft matrx [a,.,], i ar = l fot l e Ia = {1 e, € A} and':r'
2,3. ,m

3 A urnversrl soft set mrt x d.notcd by [t]' rf a,., = t for au I and J

2.1.6 Example [5]

Assume that U : {u1, u2. u3. z,r, us} rs a uDrvrrsal sct and E = {er e'z er cr} rs a

set o[ parrmet.rs and [ar], [c',] , [4,] e Sn/s,r

tf A= {et, e3} end 1,1(e1) = o, I^ki = 4 tlen [o,] = [0] rs a zero soft matrrx

Io"l =

h"l = 101 =

0001
0101
0001
0101
0001

0000
0000
0000
0000
0000

If C= {.,. it ^na lcori -- U. lck - U TheD lc., - "rl 
rsdcUnr\crsal

soft mairx wntten b]
I100
1100
r 100
1100

l"',1=

L1 l0 0l
If D='E and lole,)-= U. fot allc,e D thcn [4r] = [1] rs a Unrversal soft matrtx

1111
llll
1111
1ll1
1111

I4,l = I1l =
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2.1.7 Deffnition [5]

Let [a,r] € Sn/-,. TheD

I [o,r] ls the solt subm.trx of [b,r], denoted bv t"..,1 i p,rl rf a, S 6', lorallI

2 [a,rl 's 
thc proper soft submatrx or [b,,], dcnoted bv [o'r] c [b',l rI o" ! 6" for

at lcasi otr riem d.r < 6,, a r and J

3 loul rs bhe soft cqual matrrx of [b,r], denoted bv [a'r] = [b'r]' r{ a'r = b'r for all '
and i

2.1.8 Definition Pl

L€t to,rl, 16,,1 € S,nr-,, Then thc soft matnx [c,] rs callcd

1 Un,on of [4,,] and [6.11, denoted bv l',rlu Ia',I : loll' rr lc'r] : maxld',,'6'J)for

all r and 3

2 l ersect,on oflo,rland [6,,], d'noted bv h'rl;tb',] = c'rl rr ["'/ l : rrrr'1 u''/ r'J)

for all r and 7

3 Compl€m€nt of [a,r] denot'd bv 1",)' = lq'l ' tt c1t = 7 - 01) for nll I ad 
'

2.1.9 Defiaition [5]

Let ld,,l. Ib.,l €sM*," Then tc',] a a ta,,l are drsrornt' rr ta',,l n 16',,l -[ol foratrr

and ,

2,1.10 Ex6.mPle [5]

13

Assume thah [a',] =

Then

b,,lut6,,l :
0

I
0

I
0

0

I
0

I
0

lll
101
111
001
001

r00
000
100
000
000

p,,l =

001I
0101
0011
0001
0001

10
01
10
01
11

11
1t
1t
I]
t1

ld,rlnl6',1 : [0], k"l":
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2.1.11 Proposition [5]

Lct [a,,] € Sr{-," Thetr

I [[e,]'l' = k"l
2 [o]' = lrl

2.1.12 Proposition [5]

t-et [o,,], [t,,], h,l € s,{r-,, rhen

t [,.,] -c [t]

2 lot a t",,1

3 t.,,1 s t",,1

r o,r1 i ra,, and'b,r ! lcrl -''o,., i lc,r

2.1.13 Proposition [5]

L"t [,.,], [6,,], [",,] e s,u-," t],on

r [a,,] = [a,,] and [a,] = [c.,] <+ laul = Ic'.,1

z 1..)91b,) and [0.,] e [..1] <+ [+.7] : [be]

2.1.14 Proposition [5]

Lct [a,r], [6,,], [cr] e s.[r-," rh"n

r t",,1Jt,,,1 =t.,,1

21".,1;lol -1",,1

3 t,,,1; tll : Irl

4 t,,,1;h,,r={11

5 t,",1; p,,t : p.rl ; I.,,1

6 (to.,lu p,rl)u [c,r] =1o,,lu([b,,] ulc"l)
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2.1.15 Proposition [5]

Let [or], [6,.,], Ic,,l € s.rr-," Th.n

t h,,l;ta,rl :ta,,l

2 t",,1; tol = Iol

r h,Jl;lrl =td.,l

4lo,,l;la,,F=lol

5 t.,,1 ;t6,,1 = P,,l n{,.,1

6 (ta,lnlb,,l)nlc,,l : [.'J] n ([b'J] n I..,1)

2.1.16 Proposition [5]

Let lo,rl, [b,,] and [c',] € S,[r-," TheD De lrlorsan's laws ar" va]rd

I (ta.,l; p,.,1)o : h,rlo 
jtb,rlo

2 (la,,l u [b,rl)o : la,,lu n lb',]u

Proof For all r ald J

(h,,ln Ib,,l)o = lmr{{a,J.b"}r
: [t max{au 

' 
b'r }]

: Imm{1 a'r' l - 6'r}l

= [o.,]' n la',f
rl

It caD be Proved srnnlarly r

2.1.17 ExamPle [5]

Lct la,rl. [4.,] € S,+f5,. as m ExamPle 21 10 Then

(la,,l u [b,r])o : Io,rlo o [6,,]0 =

and ,
(la,rln [b,,])o : [o"r]o u [6..,]0 = [l]

r000
00 r 0

1010
0100
1110
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2.1.lE Proposition [5]

Lct [a,r], [b,J] and [c,,] € sM-," Thcn

1 I,.,1 u (p,,1) ; I".,1) : th,,l u p,,lt n (1".,1 u to,l)

2 k,rl n (p,,1) u tc,,l) : ([o,,] n [b,,]) n ([a.,] n l.i,l)

2.2 Product of Soft Matrices

In tlus scctron we de6ne four specral products of solt matrrccs to construct soft de(rcror

makrng mcthods

2.2.1 Definition [5]

Lct [ar] {b'rl e 5,[I-,, Thcn And product of [4,,] and [b'6] rs deflned bv

a SM-*" x S.[I,.," * SM-'^r. [a'r]^ [6',.] = ic'pl

where c,, = r n(4,.,,b,,.) suchthatp:n(.7 1)+/i

2.2.2 Definition [5]

L"t I,,,1, P,,l € SM-,^ Thcn or product of [a.r] and l4rl rs de6ned bv

v sltl^t^x sLI^,^ - sM*,"t. [4"]v lb.tl =i",l
Where c., = max(o,r,b.r) suchthstp=r(, l)+'t

2.2.3 Definition [5]

Let ta',1, t6,Jl € S,ru*x" Thcn ADd-Not-product of [o'r] and [b'1] rs dchned b1

i Sn/-\, x sMnx, - S,r'^,"' [a',]I [a'rl = [c"]

Where c", = mrn(o,.,,1 - 6,.) such that p: n(J - 1) + k

2.2.4 Definition [5]

r,et la.,l, [b,,] € sM-', Thcn Or-NoF Product or [a',] and [b'tl )s dehned b]

y s,,u-x, x sn/-,* - sMar,,, [4,.,]v [b'1] = [ap]

Whorc c., : maxl*r,1 b,r) such that p: flo 1) + k

2.2.5 Example [5]

AssuBe that [o,,] , [b,,] € s,us,r

16
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Ia,rl ^ 
[b,*] =

. p,,l =

0011
0l1r
0110
0100
0101

1001
1001
0011
0011
00ll

o0 0 0 0000100110 0l
0o0o 1001r 0011001
000 o0 0 r 100110 0 0 0

0000001100000000
000 00 0110000 0 0 r 1

Then

find tha other product 1.,,1 v p'*1 . t"',1 n it,tl' k'r] Y Lb,ri

oote that the commutatrvrhy rs not rahd for the 5oft matn'cs

2.2.6 Proposition [5]

Let [o'r], [D'r] € SJIII*'"1 Then the followrng Dc Nforgan's tlpes of result ar.: true

I ([a,r]^ lb,,l)o : {a,rlo v [b.,]o

2 ([a,r]v [D,,lf: [o,J]o ^ 
[b'r]o

3 ([4,,]Y la,,l)o : [a,,]o A [a',]o

{ (la,,l^ P,,1f = [a.,]o Y [b,,]o

2.3 Soft min-max Decision Making

In thrs scctron we construct a soft m'x-mrn dccrsron makrng(SNImDNI) mothod bv

*,ng 
"oft 

*o-*-rntn a.crsron tunctron whch rs also defined here Thc method solects

optrmum altcrnatrve from th' s't of alt alt'rnahv€s

2.3.1 DefiDition {51

Let [cr] € SIr-,.,, Ia = lp 1t' c,P + O' \k - r\n < p ! kn) tor all fr € -l:.ll'
i, r.' 

''' 
, "t fl* tl" ..ft max-mrn decrsron tunciron' denoied bv 'tlm rs dcfined as

follows t 'l

^/m 
snr-.", - SM-.r' lt-'c,' - li5{tr}l

f ,4{c,}, i tx * P
t\: I Petr'' [u, ilK=c.
rr," on)c column soft m"trrx llln lapl rs callpd ]uax mn d'trsron 'uft rr'arrtr
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2.3.2 Definition [5]

LctU=Iq.q, . u,) bc Imtral uDrversc and,tfm[cr] =[d1] ThenasubsetofU

can be obtarned by ttsrne [4r] is rn hc followlns vrv
opt1a,1(U):|u, u' e U' d"1= 1l

whrch $ called th. optrmum solutron

Now, by usrng thc dcfinrtrons we can construct a StrImDNI method bv tllc f('lowrng

algo thm

Step 1 Choose fcasrbl. subs€ts ol th€ sct of parameters.

Stcp 2 construct thc soft matrx for €ach sct of Param€teE'

Step 3 find a convemeni produci of thc soft matnces,

Stcp 4 find a ma-x rorn d.crron sofh matrt-\,

Stcp 5 find an oPtrmum set of U

Note bhat, by the slmrlar wav. wc can define soft rDrn max' soft fln mrn and soft

max max decrslon makrng methods

whrch mly be dcnoted bv SIoIIDNI, SmmDM, SMN{D[{ respcctrtelv One of thclr

may be more rEeful thatr others accordrDg to ihe tlpe of the problcnrs

2.4 Applications

Assume that a rcal estate ageDt has a set of dfierent tyPcs of hous's U : {tr' trz'

13, 1,1, u5) whrch may be charactcrrzed bv a set of Parameters E: ter' e:' e: cr}

f"r .l = f. 2, 3, n the prram.ters e, stand for '\tr good locriron"' "cheap "mod'rr"
,Iargc", rcsp..ctr!,cly Thcn we can grve thc follosrrng exampl's

2.4.1 Example [5]

Suppose that a Earned couPle, Irlr X and Mrs X como to the real cstnte 'rgcrr

to bry . ho,r"" If each partner ha-s to conslder therr own sct of paramctcrs theD s'e

selectalousconthcbxs$otthesctsofparttrers'parametersbvuslDgthcSllmDNl
as folloq's

Assume that U = iu1. u2. u3. tr, u5) rs e unrversal s€t and 
' 

= {er' e'r' rr' e'} ls

a s€t of all paramet.rs

St.p 1 Frrst, Mr X and Mrs X havc to choose the sets of therr p<rrdmel'els'

A: letez,ei and B: {cr' er er}. respectrvelv

Step 2 Then we can wrrtc the follomng soft maLn'cs wlxch drc 
'onstructcd 

a'

cordrng io lherr Parrmeters

la
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And-product as fouows

t""l:

1,,,1 ^ 
[6,*] =

00ll
01r 1

01I0
0r00
0101

[6*] :

l01l
100I
0011
0011
0001

Step 3 
-Now. 

"'".u" nna a product of the soft matrrces [a'r] end [b,1] bv urtng

o0 0 00 000 r 0I t t 0l I

0000100 r 10011001
o0 0 000110 01r 0 0 0 0

000000110010000 0

0o 0 000010 0 r 00001
H.re. wc use ind-product smce both Mr X and Mrs X's chorce5 lralc to be

Step 4 We can find a ma-\ mrn decEron soft matnx as

r1m([a,r].t [a,1]) :

1

0

0

0

L0l
Step 5 Frnally, we Ln find an optrmum sct ofu accordrng to llm [o'.71 

^ 
[b'*]

opttulm 6,,1t 1t,; (U) = {ul
where ur rs an ophmum house to buv for Ntr X and NIrs X

Note that the oPhmal set of U mry contartr morc than onc el'ment

Srrmlarly, we can also use the oth.r products ([o,rl v [a,p]) ' ([o',] n []'11)and ([d'r] Y l4&l)

for the other convcment Problems



Chapter 3

Soft Matrix TheorY and its

Decision Making: A New

Approach

ID ttns chapter we arc gorn8 to de6rc new t)?e oI products whrtl are brnarv an'l

satrs6cs assocBhve laws atrd drstrrbutrvc laws

3.1 Binary-Product Of The Soft Matrices

3.1.1 DefiEition [5]

Let [o,,], [b,,] € sM-," Then,

r And-product of [o"r] and [4,] s defincd bv

^ 
St/.nt^x SnIrA' sM-x"', h'rl ^ 

lb'*l = [c'P]

Where c,, = mrn(a,r, b,r) such that P = flo - 1) + k

r Or-prcduct of [4,,] and [6"] rs defincd bv

v SM-," x S,u-," - SM^,^'' ["',1 v la'r] = {cpl

Whoe..p = md(o,r,6*) such that p: n(J 1) + tr

rrr And Not-product of [o,r] and [b.,] rs defned bv

i SM^..tSltt^x-' s'M-""r' [a',]I [b'*l = ["J

Whore c,, = mrn(d,r. 1 - 4r) huch that p: n'(, - l) + n
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rv Or Not-product [qr] and [b,,] rs defined bv

v snf-x, x snlmrn - s'lz-,"', k',lv [a'tl = l"pl

Whcrc c,, = tr)a:(1o,r. r - b,r) such that p: r(J t) + t

From rbovc defnrtron rt ls clear that aI th'se products arc trot brnaD opcratroDs

Even rf we consrder two soft square matnccs from SM-!-' anv of ahol(' montronc'l

product wrll not grvc us a soft squarc matnx from S'4I-^* As abol c nreDtro 'd
produ.ts arc Dot brnarv oPeratroDs thereforc thcrc ls no queshon of a_ssoctattvttl m

thesc solt matrx Product

In the folloirrDg products, for soft mrtrrc's are r'definc 5o that thev happcx to be

&ssocratebm{yoperatronslorthcclementsofS'Unt"Thescproductsw)llbccalled
Bmary-Product or srmplv sc can *rrte rt as BProducts

3.1,2 Defrnition

Ler [o,,l, p,,l € SM-,* Thcn Atrd-B-Product or [o,r] and [b'r] s dehned bv

t-c"
^ 

SI/-!, x SM^., ' SM^'^ a,rl^ lb'rl ld'q - | V
LP:(c t r"+t

forallr : 1,2, , rna'ndq:l'2' ,fl

where c', : mrn(a"r. b,t) such that p: n(J - l) + 't

3,1.3 Definition

Lot lo,l,16.rl € SM-," rhen o'B- product of [o'r] and [b'1] 15 dotued b]

t@l
v stll-^" ^ SM^.-'sM*'. [a,,lvl6'tl -ld'q'-l A 'o''l

LP=tn rt"*l l
forallz = 1,2. . n';nd,q=1,2, ,n

Where c,, = max(o.r. 0,.) such that p = n0 - r) + ft

3.1,4 De6nition

Let [o,,], [6,r] €SM-'" Thetr And 'NoFB-product of [o"] and [b'r] rs defined br

a,,l

i SLI-x.x Sl,*,, - snf-,., [d,r] I [D'fr] = 
', 

= 
lr:,,\j,*-,t.,']

forallz : r.2. .mandq:1,2 n

whcre c,, = ErD(du. 1 b,1) such that p = n(' 1)+ k
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3.1.5 Definition

Let [o..,], [6,.,] e S,,t{-,, Then Or-NorBproduct of [4,,] and [b'11 rs dcfined b1

rq" I
v SM^,, xS,{r-<" -Si,-^a. lo,r'v'b,+i ld,o I A {'.ell

L':to't"t' l
foralr : r,2, , mandq=1,2, .n

where c,p: rIr ((4,r, I D,r) such that p = n(, - 1) + fr

3.1.6 Theorem

Thc And -B-Product rs a bmary product

Proot Lct [a,,] and p,rl € SrU-,, Then And-B-Product of [o,rl and [o,r] rs

defined by

n SrlI-xn ,511-," + S,[/",r"

la,rl^ [6,r] = [4q]

\t'ber' 4{ - (-,,!,.-,'*) for all r: r, 2 . rn and q: 1. 2,

wher. c,p =rorn(q,,6,.) such thatp=n(r-1)+k, thcD [a',] n[a'1] : [d',] r

3.1.7 Theorem

The Or-B-Product N a blnary Product

Proor Let [a,,] and [b,,] € Sn/-," Tbcn Or-B-Product or [o,,] ard ib'r] rs dellnert

by

v Sn/-r" x SnI-x" + S,tr-,"
la,,l v [0,1] : le,ol

/-\
whc.e e,q = { n (/,,) | forallz:1.2 ,mandq:1'2'

\P=le rrn+l I

and l,p : max(d,J, b,r) such lhat p: n(, 1) + A t

3.1.E Theorem

The And-Not-B-Produci Is d brnnrv product

Proof. L€t [o,r] and ID,rl € S,ar-," Thcn Ard-Not-B-Produtt of [a',1 ana [a',] s

dcflned by
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7 SM^," x SIUI^." - S1\t^^-

h'.,l n [a'rl : I4'l
/c"\

$'h*"4q = | V t+,t I forallr=12 maid q:r'2'
\P=lc r)n+r /

and c', =mrn(o,r,l D't) such that p = n(J - t) + I r

3.1.9 Theorem

Thc Or-Noi-B-Product ls a brnarv product

Proof. Lct [a.rl and [b,,] € S,'u-,^ Then Or Not DProduct or {o''l ana [l'''l ts

defined by

Y S,rtr-'" x SM-," - S,M-,"

lo,,lYlb,tl = [g.,]

and l,= max(a.r,l -6,t) such that p='1(, l)+ft t

3.1.10 ExamPle

(And-B-Product)

Let U : {u1, u2, u3} be hh€ umversal seb' 
' 

= [c1' e2' ca ea]betheseiofparamcters

nIld A = \er e2j, B = {e3. cr} be the subsets ot E

Let /,{ E - P(U) b€ such hhat

fi(e1) : it1, urI

J Ak)) : 11t), u3\

!A\e3) = f^lea)= a

ne = t(ur, er), luz, et). @2, e ' (ut' ez)l

/c"\
where s,o - (_,"1,".,,^,,,) Ior atr r - r.2 

'In 
anr 'r r' 2

R,T e2 e3

1 0 0 0

I 1 0 0

0 I 0 0
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and /6 .E - P(U) bc such that

fnl.t): U

t slea) : {u1 , ql
I ulet) : Jule2) = O

RB = ((u1,.3), (zr, e3), (t3, ar), (tr' er)' (ur. er))

Ioul 
^ 

[b,r] =

B = lb,,l =

11
10
00

f r o o oll, , o ol
lo, o ol

0 0 0 0l
I0 0 0 ol

0 0 0 0l

000000
001000
001100

I r o o ol
l, r o ol
lo , o ol

[10l',
l 0,

lo o r 1l

l::l:l
o ol Io o I 1l
n olnlo o, ol
o ol Lo o r rl

Th.n

tvl = [v,o],,. = [ou]a l4rl

6,r) such that P = r(J 1) + k

Io o

ln o

Lo o

rmn(a'.7,

00
00
00

*n*"r*:( f (4,))
\P-(c-l)a+l I

foral r =1. 2, 3 and q= l, 2, 3, {

Ra e3

0 0 1 1

u2 0 0 I 0

0 0 I

Io,,l 
^ 

[b,rl =
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3.1,11 Ex.inple

(Or-B-Product)

Let U : iur, u2, 11s) be thr uruversal set, , = {er. er, er. er} Le the s't of parameters

and A: (e1, cr), B: {e3, ?r} be hhe subs.ts of E

Let l,a E - P(U). be such that

J,1(e1) = (u1, tr)
J/e2) = \.,2, q|
I tlq) : lAka) = a
Ra = {(u1. cy), (t:. ez) (uz, er) (ur. cz))

and. !6 E - P(U) be su(h ihat

Izki = U

lB(er) = {tlr, u3)

lBGt)= lBk2\=@
-Rs: [(u1. ca). (tr, e3), (u3' ca)' (ur, er)' (t: er)]

I r o o ol
/=t",,1 = I I r o o l

lo r o ol

Io o r 1

B=tb,,l : I o o 1 o

Io o r r

Ir o o ol Io
ra,rrvrb,ar l;l::]"1:

l
01 1l

:Il

n,r c2

1 0 0 0

I I 0 0

u3 0 I 0 0

Ra e2 ca

0 0 I

u2 0 0 1 0

0 0 I l
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--?9

[t t t t o o I I o o I ] o o I ll
,1,,1 - lt I I I I I ) I oo I ooo r ol

[o o r r I I I I o o I I o o | ] I

and lp = mar(o,J. b,r) such ihat p = flO I) + fr

Ixi = i,,1,,. = [a,,]v [b,r]

3.1.12 ExamPle

(And-Not-B-Product)

Lct U = (ur, il2, u3I b. the unrversal set, E = {er' er' es er} bc thc set of pdrrnlcters

ro6i={c1,c2},3=lex'cal bc thesubsets ot E

Let /4 E - P(U) be such that

/4(e1) = {u1. q}

!a\e = \u2, ql
lA\ql = lAka) = o

fi1 = {(u1, c1), (tz, er). (ur, ez), (tr' ez)}

nd lo E - PIU) be such that

lB(.{): {sr.1l3)

,=,4,.-,t''') 
rorrrtr=r'2 3ands= 12 r'r

It o o ol
lo,rl vlb,rl = | 1 I 0 0 

|

io r o ol

A=",,:Il:::]
lo r o ol

Rt e2 a3

0 0 0

L2 I 0 0

0 I 0 0
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IBkt) : IBG2) = o
nB = {(r1,.3). (ur, €3), (u3, e3), (u1, ea), (u3. ea)}

Then

lYl = [g,]s,r = [4,,]n[4,1]

3.1.13 Exanple

(Or-Not-B-Product)

LetU={r1,Lr,u3lbetheumversalsei'E=(er,ez cs er} be the set of p}ramete$

and -4 : ter. ez), B : lq. ea) be the subsets of E

Let f^ E - P(U) be such thdt

f o o l r'l
B= P,,l - lo o I o l

Io o r t]
lr o o ol f o o l ll

{a,,t ^'[6,r, -1, , o ol^lo o, ol
lo r o ol Lo o t tl

t 1 r o o o o o o o o o o o o o t'I
ld,pl l' 'otl loloooooooul

Io o o o I I o o o o o o o o o l]l

and d,, : mrn(o,,, I 4*) such that P: n(J 1) + A

whcrey,o=[=,J*,,o,,) rorar1=r'2 3rndq=1'2 3 4

I r o o ol
i,,,1^ Ir,*l : | , , , o 

I

lo r o ol

RB

0 0 I

u2 0 0 I 0

lr3 0 0 1
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J 1,@1) = lu1 , u2l

J/e) = {u2, qi
JAks) = lAlei:a
fi1 : {(u1, e1), lu2, e2), @2, e2). \ux, e2)l

ar.d ta E - P(U) be such that

Iakz) = U

lBlc^) = {q. ql
JB(et)=lBle2)=O
Re = {(21, e3). (uz. er), (us, ej). (21, ea). (u3. e1)}

,=t",,1:Il:::]
lo r o ol

Io o t t
B=[6,r] = l0 0 1 0

lo o r r

Ir o o ol lo
t,,,jYP,rl =1,, o olvlo

lo r o ol lo

lr I I I I I o u I I o o r I o ol
tr,,. - lr I I I ll I ll I o r rr o rl

lr r o ,-t I I I 1 I I o o I I u u.l

and /,, = max(o,r. r b,r) such that p = n(., - 1) + k

l

:lil
o 1 1]

R,1 .3

I 0 0 0

u2 1 t 0 0

x3 0 I 0 0

Ra c2

0 0 1

0 0 I 0

u3 0 0 1



lt\
o**o,- ( A tl,,) | tor atl I-l2.Jaodq 1.2.J. I

\P=lc-r)'(+l /

lxl : [,,].,.: [.,,]v [6,r]

3. Soft Matrix Theory and its Decision Making. A New APProach 29

Ir o o ol
d,rrv(b,* -- | ' ' , u 

I

101 0 0l
so th. above example shows that th. dctncd product l5 a brnarv oPeratron

3.1.14 Theorem

The assocrntlve law holds wlth resPect to And-B-Product

Proof. Let la,rl. [b,,]. [c,r] € snr-,"
Thcn And-BProduct or [4,,] ana [b',] s de6ne bv

t\ SM^h x 5M.,," - SM^""

h,,l ^p,rl 
=t4"1

/q,.\
wbrre d," I V {e,p) I for"uI 1.2 nta]otq t2

\p=(q 1tn+l /
and e,, = mrn(o,r, b,r) such that P: ,1(, - 1) + k

([o,,] 
^ 

[b*]) 
^ 

[c.r] = [d'q]^ [c.,]

([o,.,]a [0,7.]) n [c',] = [h,]

la\
*h..r,,. - ( V r,,,r ) rorarrl- r.2. . mdndq t'2'

\P=lq-r)n+ I /
and s,, = mrn(dr. c*) such that p: r0 1)+ E

nowRHS
[',]rlc"l = [e',1

l*\
u.r*.g,": I V (1,,) | rorall,= 1,2, na q=l 2

\':to 't"*' /
and /,p : rdn(D,r, c'.) such that P: n(J 1) + k

lo,,l^ (p,rl^ [",,]): h"la (lg*l)

.a

J)

!
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Now

la,,l ^ 
([4*]^ Ic,,l) = [n,,]

/a\
wh.re /),,q: I V t,e) ) ror all r:1, 2. , m and q:1, 2, , n

\P=lq I )"+l /
and ,,p = r n(a.r, 9,r) such that P: n(, 1) + [
thaD

(la,,l^ I6,ft1) 
^ 

Ic,rl : [a.,]^ (lb*l^ [c'r]) .

3.1.15 Theorem

The &csocratrv.law holds th rcspcct to Or-B-Product

Proof. Let [qr] , [6,r] , [c,r] € S,u-,"
Then Or-Product of [o,r] and [b'r] rs definc bv

V S,lI-x" x Sif-," - S,ru^,"

Io,,lv16,.l =[4qt

/@\

wh"*4q= | n (",) I forallr=1 2. ,'naDdq:12' 'n
\F(q lr"+t /

aIId e,, : max(a"r, b,6) such thrt p: n(7 - I) + k

( [a,,]v 16,rl) v [c,rl = [4] v 1o,1

([4,,]v P'rl)v [c",] = [h,q]

t".'l
wb.,"h,"= | n (s,p)l rorarl=1,2 , rnandq:r 2'

Lr-(q r)"+r )

aDd rip = max(4r. qr) such that p: n(J 1) + *([4,,] v [b'*]) v lc,rl : hrql

now RHS
lbrlv [".r] : [&r]

/c"\
wb.*e,q = | n (l',) ) fordr'=1,2' n a..dq=t'2'

\p:(a l)n+r /
rnd l, : max(b,J. or) such th.t P : u k r) + 't

Now

{a.rlv ([b,*] v [c,,]) = [o,lv 11r,0;.1

lo,,lv ([6,rlv [c,,]) = [n'q]
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/,j"\

wh*"/.,,: { A (t,,) I rorallr=l' 2' mandq:t 2 'n
\p=1q r1"+r I

nnd l,p : ma:((o,r, 9,*) such that p: a(J - 1) + 't
(lo,Jlv [b,r]) v lc,,l = Ia,rlv ([b,r]v [c,r]) .

3.1.16 Theorem

The r-csocratrve law holds wrth r.spect to And-Not-B-Product

(h,jlI [a'*])i [cr] : [",,],r ([b,1]A [c',])
Proof. Stnghtforflord t

3.1.17 TheoreEt

The asso.Etrvc law holds wlth resP.ct to Or-Not-B-Product

1[a,,]v D,1l) v [+,] : [4,,] Y ([b,t] Y [c',])

Proof. Strrghtforword .

3.1,18 Example

(Associative hw with resPect to ADd-B-Product)

Let U = {ur. tr, u3} b. the umvcrsa] s.t, E = {er. c:' es, er} be the sct of parancters

an<t ,4: {e1, erl, B: lq, ea} 'C = ler, e3l be the subsets of 
'

Ler lA E - PIU) be such ihat

J aQ) : {q, q}
I 
^kr) 

: lu2' ql
J  le3) = lAkl) : o
Aa = {(u1, e1). lq. e2)' l1}r. e2). \q, e2)i

and ls E - P(U) be such that

la\.i = u
lslea) : fu1' u3|

I r o o ol
.4=t",,t : I r 1 o o l

lo r o ol

R^
1 0 0 0

1 0 0

0 I 0 0
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lzkt): I o(.t) = 6
Its = {(21, e3), (rr, ca). (u3, e3). (u1. ca), (zs, ea)}

ind /c , - P(t/) be such that

Jc\e2): \Lzj
Jclq) : 1u2' ql
Jckt): Jcka)=e
Rc = {("2, "z), 

(12, es), (us. er)}

lo o r rl
u=r0,,1: 

l: : I ll

f o o I r o o o o o o o o o o o o o l

l4,l lo o ,o o o r o o o o o o o o o ol
lo o o o o o l r o o o o o o o o ul

To o o ol
c-to,l- lo I I o I

to o I o.l

Now to prove (h,rl^ [b,r)^ [c,r] = [or,] 
^ 

([6,r]^ [c,r])

Fmtly s,c Fmd that ([a,.,] 
^ 

[b,.])^ [c,r]

f r o o ol lo o 1 ll
ld,,t ^ [6,r] = | , , o o l^ | o o , , I

lo r o ol Lo o r rl

Rs

0 0 I I
0 0 I 0

u3 0 0 1 I

F4 e2

0 0 0 0

u2 0 I 0

0 0 0

ard 4p : rnn(a,r, b,r) such that p: rU - r) + ft
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[]'l = [y,s]r,r = [a,r] ^[b,.]

[.,"] :[v,] nlc*l
Iu,ql : ([o,,]^ [6,r])^ [c,r]

[1 o o ol
lv,ql3,. = [a,r1414,11 =1110 0l

lo t o ol

whcre r,,c = (=,Jr.,,,,,,) Ior au 1= 1, 2, 3 and 
'/ = r. 2, r, I

Io o o ol
Iu,i :1,,,,1...= li 1 0 0 

|

lo r o ol

f o o o ol
(.o,JI 

^Lb,rtr^ 
c,rl l' I 0 0l

L0 r o 0l
Now we frnd [olr]^ ([6*]^ [c,r])

Now

(lo,,l n [4r]) ,r [c,] = [s,] n lcrl

lr o o ol f o o o ol
ty,,,r[c*] -liio olnln,, ol

Lo I o ol Io o , u]

To o o o o o o o o o o o o o u o l

f",,1 lo r I o o I r o o o o o o o o ol
lo o o o o o I o o o o o o o o ol

and e,p = mrn(v,r. c't) such that p: n(J - 1) + k
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(i,r)) for aU. = 1, 2. 3 and q:1. 2 3, 1

Iyl : [u,q]3!r = [b,*]^ [c,r]

Io o o o o o o o o o o o o o o ol
l0 0 0 0 0 0 0 0 0l r 0 0 0 0ltl
lo o o o o o o o o o l Lr u o r u.l

Ern(b,r, c,r) such that p: a(J 1) + A

Io o 1o'l lo o o ul
Ir*lnl.,,l -lo o ' ol^lo ' ,ol

lo o r r] lo o r ol

f o o o ol
tu,ql = [b,al^lc,r] = lo o , o I

lo o r rl

f o o o o'l
=1, r o o I

lo , o o]

Lot

e1

for a[r = 1. 2. 3 aDd q = 1 2.3.4

la,,l 
^ 

([b,*] 
^ 

Ic,rl) = k,rl ^ 
[u,q]

e'^u*l;;iil^[:iil]
o o o o o o o o o o o o ol
0 0 010 0 0 0 0 0 0 u 0l
0 0 0 r I 0 0 0 0 0 u 0 0l

.) such that p: n(J 1) + ir

Io o o

= lo o r

Io o o

ol 
,l

V rc")l

[g,J

tsl = t,,1.,,
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[',0] = k,,la [,,,]
I",,1 = k.rl n ([4rl a [c,])

there forc

([d,r]^ [6,r])^ I..,1 : [a,,]^ ([b,r] 
^ [c.r])

Dow rt can satNfy thc acsocratrvc propert,

3.1.19 Exampte

(Associative hw over OI-B-Product)

Let U = {u1. 1,2. rr} be the uruversal set, E = {cr, cz. es, er } bc the set of parueters

and ,4 = {cr. ezl, B : lct. el , C = {e2, ql be the subsets of E.

l,at la E-P(U) bcsuch that

I4kt) : lltt. ur|
l(ez) : lrz. utl
lAle3): I a\cr) = a
R^ = {(rr, .r). lt2, e2), (u2, e2), (q, e2)}

a$d JB E - PlLt) b€ such that

Ia\,i = u

/6(ca) : {u1. z3}

fuk:): I s(er) = 6
ns = t(ul, cr), (az, eg). (r: es), (rr, cr), (u:, er))

lo o o ol
la,rl^([b,*l ^[c,r])= l o o l

lo r o ol

,:r,,:[:j::]

Ra

1 0 0 0

I I 0 0

0 I 0 0

RR

0 0 t
0 0 0

0 0 1
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"',,llli:l
and Jc E - PIU) be such that

Jclc2) = lu2l
/c(e3) = {i,2, u3}

Ickt)= !c1.1)=a
P.' = {(u2, e2). (ur. ca), (u3, e3))

ro o o ol
c- 

".,1 
- lo , ' o I

Io o r o]

Now to provc ([qr]v [b,al) v lcrl = ta,,]v (lD,rlv lc',1)

Frrst)y we Frnd th3t (lo,.,lv [6,t]) v [c,]

tr o o ol Io o t tl
ra,, v,b,1l - | i i o o l' I o o ' o 

I

lo ' o ol Io o ' ']
f t t t t o o I 1o o I I u o l ll

ta,, = lr I I I I I1l o o l o o o r rrl

lo o r I I I I I o o I I o o I I I

and d,, = mex(a.r, 6,r) such thrt P = fl(J - I) + t

[]'l = [v,rl3,r = 1",.,]v [b,rl

0 0 0 0

0 I 1 0

0 0 I 0
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Ir o o oltt
lvl =lvql : [a,.,lv [4,*] : I I t 0 0 

|l0 I 0 0l

0 rr 0 0 0 0l
I10 0 r r 0l

1 0 0 0 r ol

Tr o o ol

[;l::]
Now we find [o"r]v (16,rl v [c,r])

b,v"Et::il]"Ii:il]

Now

([a,,]v [b,s])v [.,,] : [e,.]v I,"t)

f 1 o o ol Io o u ol
l' , n nluln, , nl
lo r o ol L, o t o]

f r o o o'l:1, , n o I

l, , o o]

lv"l v ["'r] =

[rvl = [ra,olr,.

["'*] = [s,]v[...]
lt,,ql = ([a,,]v [6,r])v [c,J]

I r000000
l1llI101
r01r1100

([a,,]v [6,*]) v [c.,] :

Tr r:1,,
Io o

[.,r]

c,r) su(h ihat p = n(J l) + A

,un*",,,,=( ii ,r,)
\P:{c l)'+l /

for all r = l, 2, 3 and 4:1, 2. J l
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Let

0 0 o 0 o o I I I I o o u ol
r o 0l I0 t I I I0 r l ol
r 0 o 0 t 0 I I I I I I I Il

l0 01 ll
0 0 0l ul
I o o I rl

t::
Lo o

[r t

lr t

lo o

mr).(b,r,

/ca
wher.r',q=l n

\P=(c-lra+l

forallr=l 2 3andq= I 2 3. J

lyl = [,,c]r,r = ID,lv [c*]

[D,,] v [orl =

Ia.rlv [u,rl =

c,l.) such that P = tr(J - I) + t

110011001
I I I I I100 t

1l t l l I00l

c,r) such that p : n(J - 1) + ft

.,,)

t::i:l
Io o r ol
lo o, ol
lo o , ,l

,.,]

tr o o ol Io o I ol
l' r n o lulo o , o I

lo, o ol [o o, r]

lq,l v ([b,.,lv [c"]) = [a,r]v {

Ig,1 =

for all r=I2 3andq=12 J 1k,r)l
fa

rvrcres,o= | [
LP=to-rrr+r



r.d its Decision Mlkint: A New APproach 39
3. Soft Metrrx Thcory

lsl = Ir*ls,r

as [s,,] = [a',)v [r,,1

lr,ql = [a,,]v ([6,r] v [c,,])

Io',lv ([b,,] v [c",]) =

iherc forc

([o,r]v [b,rl) v [c,,] = [a,Jlv (lb,a] v [c',])

Srmrlrrly se can Prove

(h,rl^ lb,rl) 
^ 

tc,,l = h,,l^ ([b,r]^ lc,,l)

([o,,]v [b,*])v [c,J] = 1a,,lv ({t'rlv Ic',])

3.1.20 Theorem

Or-B-Product ls dlrtnbuhv. ovcr And'B-Product

Proof. Lct [4,,]. Ib,,l , Ic'rl € S,u^,"
Then

{0,,1^[c,r) = [4,]

I r o o ol
=1, r o ol

lo , o ol

tl:::l
Io , o ol

lc'\
whcre4{= | V (.,p) I

\P=tq- r t"+ r I
and c,, = mrn(o.r. b,r) such

ta,,lv (P,rl^ [c,,]) = [4,,]v

that p = a(.7

Id,rJ

lorlv 14*l

forall!=1.2

- l) + t

nL^nnq:12

la\ic,=l A r,r,,r I

\P=(q r)"+I )
for all r=I,2, ,,nandq- 1,2

Whcr. /,p = ma:((a,r, b,^) such ihatp='I(J - l)+t
ta,,lv (tD.Jl^ tc,,l) = [d,,]v ld,r) = Ie,rl
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NopRHS

Ia,jl 
^[b,*] 

:[h,q]

/^\
\11,.r€ h,o = | n (r,,)l forarlz= r.2. , ma.lr.dq:1.2, .n

\P=10-i1"+' l
aad 1,, : max(a,r, D4) sucb that p = n(, - r) + t
Now

[a,,]v [c.6] : [s,,]

l*\
wh€r.s,r: I n t.r,) I for all ,=1,2 ,ntlrDdq:t 2. .n

\P:(q-rt"+r l
And u,p : max(d,r. c,i) such that p: n(J 1) + k

[t,r] 
^[r,e] 

= [',q]

f* l
wtrere r,r: | ! (v,p)l forrllr= l, 2, ma;adq:1,2, ,rt

LP-ro r)"+r l
Aod y,p = m'"(hu, s,r) such that p: n(J l) +,t

[".,]v ([4J] 
^ 

Ic,,l) = ([o.r]^ [b,,]) 
^ 

(h,rlv [c,,]) .

3.1.21 Example

(Or-B-product is distributive over And-B-Product)

Let U : lq.w. q) be thc unrvclsal sct. E : {c1, e2, e3, eal bc the set ofpardmeters
sn<] A= [er, c2\. B = lcs. et) ,C = ier,.3] bc th. suLsets of,

Let lA E - P\U) bc such that

J a(e1): {r1. u2l

I a\er): lu2, q|
lAks): I Alea) = a
E,a : {(21, e1). lut. ez). (uz. er). (u3, er)}



Ra e2

0 0 0

u2 I 0 0

0 I 0 0
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and Js E - P(U) b. such that

lokt) = U

/r(€{) = {ur, u3}

lBk\)=lu(e2)-a
E6 = {(r1, e3), (rz, cs), (tr, eg). (ur er), (us, er)l

a.nd Ja E - P(U\ be such thrt

Jgk2\ = l,,r-l
Jsk3) = lq, ql
lclei= lcka)=0
fu- = lln2. c2) (u2, e3). (r3. €3))

I r o o ol
A = t,,,t = | r r o o I

Lo r o o]

[o o r r']
B=p,,1= | o o r o I

lo o r rl

Io o o o ]

to,l = | o r r o I

lo o , o.l
([o,,1 v [6,,]) 

^ 
([o,,] v lc,rl)ro provc [q,] v (lb,,l^ [q,]) =

Re e2 ?3

0 0 I I

0 0 0

0 0 I

Rc e3

0 0 0 0

0 I 0

0 0 I 0
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f o o l I'l lo o o ul
rb,;^r",, -l: : I :l^[: ; I :]

Io o o o o o o o o o o o o o o ol
ln n o o o o o o o r r o o o o ol
[0, o o o o o o o o r o o o t o]

mrn(b,1. cr) such that p: n(J - I) + ,t

Io o o ol
t,,"t = | o o , o I

Io o r ,]
lo o o o l

ts,qr = Lb,,r ^ rc"rr = lo o , o 
I

lo o r rl

h,,l v (p,,1 
^ [.,,]) 

=t",,1v1,,,]

Ir o o ol f o o o ol
1,,,j ,,,*l = | | r 0 0lv l0 0 I 0l- loioo] Loo,'l

Ir r l r o o o o o o o o o o o ul
l, r . l l r r o o t o o o t ol
lo o , , I I I r o o ' t o o t t l

max(ou, s,a) such that p = n(J 1) + t

LHS
firstly we find

lg"1 =

forallr= I,2 3andq= I 2 J IV re,,r I

thcn
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forallr=l 2 3andi/= I 2 3 l( x (/,,,)

f l r

= l, 'Io o

(d,r))

=tli
Lo o

f l o o ol

l;t::l
f r o o ol Io o r tl
l, , n o lulo o , u I

Io , o o] [o o, t]

tr o o o'l
l, r o ol
lo , o ol

la,,) v [s,q] = [e,,] =

11001100
tlltII00
l1I11I00

NowRHS

{lo,rl v [6,r])=

b,.) such ihat p = ,l(J - 1) + k

(ta,,l v Ib,,l) = Ir,ql =

(h"l v [c,]) =

for all ,=12.3^ndq=1 2 J I

r rl
r nl
rr]

o o o o o u o o ol
r 0l l0 u r l0l
I 0 o I 0 o o , ul

ld'rl

lc,pl

ll
l0
I1

00
00
00

Now

o ol Io o o ol
o o lulo , , o I

o o] [o o , u]

f l ot,,
Lo,

10
l1
OI

00
II
1l

1

I
1

c,r) such lhrt p= n(J - l) +ft
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I rv,,f I for all r=I2'Jandq L2 J {

I t o o ol
1.,.-iro,l , o,)r= lr r o o I

lo I o ol

Ir o o ol It o o ol
(tr,, ^t:,*)- | i i , o ln | ' , o o I

lo r o ol lo I o ol

f r o o o o o o o o o o o o u o ol
g*l = lr l oo l l ooo oooooool

lo o o o o I o o o o o o o o o ul

and g,e = mrn(r,, :,r) such that p = flfu - l)+ k

,=,,Y,,-.,"') 
rore,t=I2 randq=1 2 r I

then

I r o o ol
a,"t =lrrool

lo r o ol
(tr,,l^ I:,rl) = [.,q]

Ir o o ol
soilo,, v [b,rl) ^ 

{1d,, , to,lr - lr r o o I

1O ' O Ol

h,rlv (Ib,rl 
^ [c,]l) = (la,,lv [b,,])^ (lo,,lv [c,,])

3.1.22 Theorem

And-B-Product ls dlstnbutr!. ovcr Or-B-Product

la,rl 
^ 

({},rl v [q,]) = (k,Jl 
^ 

[D,r])v (lo,,l^ [c,,])

Proof Stn8htforword !
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3.1.23 Rerrrark

And-Not-B-Product rs not d$tnbutrve over Or-Not-B-Product

h,,la (ta,,lv I".,1) I (k,rl^ p,rl)v (la,rl^ [c"r])

3.1.24 Example

Let U : {ur. r.r2, u3} bc the umversal set, E : {cr, ez. er, er) be th. set ofp.rramctcrs

and A: ler, e2l, B = {et, et} , C : {c2, ca} be the subs.ts of E

Let It E - P(U) bc such thdt

hkr) = {q' uz}

lale2\ = {u2, ql
J 
^Gr) 

: JAlea) = a
Ra = {(21, e1). fu2. e2), (u2, e2), fuy e2)\

ard. ls E - P(U) be such that

Ia("t): U

IaGi : Iq, utl
lBlet)=lR(e2)=a
R6 = {(21, e3), (uz, es), (t.: e3), (u1. ea), (u3. e4)}

and ft E + P(U) bc su.h that

lck:) : luzl

f r o o o'l

^:r"'=l;i::]

f o o 1 1'l
E:p,,t = lo o 1 o I

lo o r rl

R^

0 0 0

I 1 0 0

0 I 0 0

Ra e2

Ul 0 0 I 1

v2 0 0 I 0

0 0 1
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lck = \1,2 url
lc\ct) = Ic\.4)=o
&: = l(ur, c2), (r2, e3), (u3 e3))

la"l v [",*l =

1",,1 n [",*] =

c =lc.)=

l1Ill
01001
0l110

rlIll
l0l r 1

rllll

I::::I
lo o , ol
r 1l Io 0 0 0]
r o lvlo r r o I

r rl lo o , ol

lo o

ln o

lo o

il
lIl
000
100

i:::il

tr o o o'l Ir t t tl
l, , o o l^lo o o ,l
lo r o ol lo o o,]

[r l
= Ir n

L, ,

1 rr,,r I

U,,)

I - c"*) such that p = n(J 1) + t

forellr=1.2 3andg=l 2 3, 1

le,ql = [b,,] Y lc,rl =

Notl

la,rl^ ([0,,]Y [c,J]) = [o,.'ln [c'l

Rc e3

0 0 0 0

1t2 0 1 0

1,J 0 0 0
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lg'ol =
Io o

t;:
0

I
0

000000000
0 r 1100000
0r I100000

I e,r) such thrt P = ,t(, l) + t

for all ,=1.2.3andq=1

l",,lr. k,*l = {","1 =

o u o ol
0 0 0 01
o o o u]

/q'
rvherc s,o = ( !

\P=({- l)n+l
*,r,)

0 0'l
o ol
0 0]

f o o o ol

l::l:l
I

I

Io o

Lll

t",,1^ (tu,,l v Ic.,l) = t,,,1 =

NowRHS
(la,,l^ [4r])v (hul 

^ 
Ic,,l)

Io o o o

ln o r o

lo o t ,

f r o o ol Io o t
ll l 0 0l^10 0 I

Io , o o] l.o o ,

000000
0r0000
000000

f l rt,,
Lo o

la,.,l 
^ 

[D,rl = ;l
rl
o o o u'l
o u o rl
o o o ol

0000
0t l1
00 t I

I - b,r) such that p = n(J - t) + k

/ca
r"r,-",,r: { V

\P=lq-r)a+r
,'",) for dl r:1,2,3andq-I 2 J. 1
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Ir o o ol
la,,ia16,1l=*,= 

[; I : :]
Ir o o ol lo o o ul

,a,,r^c,,) l; I : :],[: ; I :]
I r r r l o o o o o o o o o o o ol
lr o o r r o o l o o o o o o o ol
lo o o o l I o t o o o o o o o ul

mrn(a,r. 1 - ..1) such that p = ,1(.7 - 1) + k

f l o o o'l

"':lil::l

-,,,)

Ig,l :

/st
Wr**vr= ( y

\P=iq l),+l
foraur=I 2, 3andq= r, 2. 3 I

f 1 o o ol:1, , o o I

[0, o o]

f r o o ol
r:tv*l = | , , o o 

I

lo r o ol

r o o ol lt o o ol
, ' n o lvlt , o o I

,, o ol Lo t o o]

lv,l

[+rJ

I

(1.,1 
^

(["u] Y [v'*])
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lr o o o'l
lh,ql -{r,,t , fr*f r- | , , o o 

I

L0 r 0 0l

Ir o o ol
(la,r 

^ '6,r ) v (ld,,l 
^ lc,r ) - ({,,, u v,* t= Ihrl - ll I 0 0 

|

lo r o ol
sota"ln (th,lv [c,,]) I ([a,,]r [a"])v ([4,]; [a,])

3.1.25 R-emark

Or-Not-B-Product $ not drstnbutrvc over And-Not-B Product

to,,lY (16,rl 
^ 

Ic,rl) I (h,.,1 v [D,r])^ (la',lY Ic',1)

3.1.26 Remark

Let [a.,]. [b,,] , e S.4I-". and x € (^, v, I, Y) be th. brnarv operatroD 'Ihcn la',lx

la.,l I 0,.,1* t.,,1

3.1.27 Exarrrple

LeiU={ r,ur, u3} be the uDrvcrsat s.t. tr= {e1.e.2, e3, za}bethesct otpardnrcters

rn6 ,4 = {c1. c2}. B : |et. et} be the subs.Ls ot E

Lct /a ,E - P(U) be such th.rt

l et) : fur' uz)

| 1le2) = {r2, ujl
lt(q): J a(ea) = q
E r : {(rrr, er). lL2. e2), \112, e2). (q, c2l\

Tr r r l o l l l o I I I u I I ll
t., - lr r r r r I I I o o l Io o t ll

[ro r r r r I I l o I ] to l t.l

where:,, = ma-\(r,r, 1 y,r) such thrt p = n(J - 1) + ft

'n,=(,:,,4,..,,.,,) 
rorailr:t'2 3andq=1'2'3 1



R1 e2

tll I 0 0 0

I 0 0

l!3 0 0 0
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and /s E + P(U) bc such that

lBk =u
/B(.{) = {sr, rr}
lu(el) = lBk2)=6
46 = {(u1. ca). (ur, e3), (t3. ca) (21, e1), (23 e4)}

A:r.,,r= li ? : :l
lo r o ol

'='J"-''-') 
ror alr r: 1' 2' 3 aDd q = 1 2' 3 {

[o o t tl
B-lt,)-| 0 o r 0r

lo o , ,l

ra,rr^rb,^r-[i : : :l^[: : I ;l
L; i;,1 lu o , ,l

f o o r r o o o o o o o o o o o ul
14, - lo o l o o o l o o o o o o o o ol

Lo o o o o o I I o o o o o o o ol

wbcrc d, : nrn(or. b,s) such thrt p: n(.1 l) + k

Rs

0 0 1 1

0 0 I 0

0 0 1 I

Thc
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lY): ly,clt,t = [a"r] 
^ 

[b,*]

lo,rl 
^[b,,] 

I [],,1^ [o,a]

Thereforc commutatrve law does not hold wrth rcsPect to And-B Produci

srmnarly

lo,rlv [b,,] I [6,,]v [o,*]

la,rli P',1 I [b.,]I [o'r]

h lY p,rl I [6,,] v lo,rl

3.1.28 Theorem

Let SI\[m," be the colectron of a[ the soft matrrc's and x € {^ V i Y} bc the

brnary operatrons, then (SM-,", x) rs a semtgroup

Proof. Strarghtforyard .

Then

lE):

lo o r rl It o o ol
lb,, ^t.,rl -lo o , ol^lr r o ul

lo o r rl lo r o ol

f o o o o o o o o I o u o I o o o I

U,,l looooooool I ooouool
Io o o o o o o o o 1 o o o I o u]

where l, : mrn(a,r. 6,1) such that p = n(, - l) + k

v u,ill

: tb,,l 
^ 

Io,rl

f l o o ol
[a.j] ^ [6,r] = | , t o o I

lo r o ol

to o l rl
la,,l Lla,*l =lo o, ol

lo o r rl

forallr:l 2 3andg=l 2.3 J

lr,.
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3.1,29 Theorem

Lct Slrl-x, be thc couectlon of all th. soft matnccs and x. o € {4, V} be the bmarv

operatrons, Thcn (Srlr*x", x, o) rs a semtnng

Proof Strarghtforward .

3.2 Soft Matrix Decision Making

In thrs scr)hotr we coHiruct a solt mrtnx dccsroD maLrng wlth th' helP of soft matnx

decEron functron and thcn select an optrmum solutron hom the decrsron solt maLnx

3.2,1 Definition

lei [a.,],l6,Jl €SM-,".andlet [c',] be rhe product of [o,,] and iD'rl rhen the sori

mdtnx decrsrotr funchon, denoted SIUDF rs deGtre 's 
follows

SLIDF SM^," - Slu-,t

SMDFlc,t):

3,2.2 DefinitioD

tcrU:lu\,1'2, L") b. mtral umverse and S'['DI lcrl :[d'r] Th'n a subset ('l

U can bc obtamcd by usrng [4r] as rn he followtng wav

optmla,S lU) = {u' u' e U'max(d'r)}

3.2,3 Applications

Assume that a persotr waDts to s€ck admNsron rn Ph D Program ard the unrrcrsal sct

contarD drEerent ,rot 
"r"t,ro 

y = {ur, uz, tr, ur,1rs}, whrch mr} be characttnzed bv

a set oI param.t.rs E : [e1, e2. es, ei For t: l, 2' 3 '1 thc param'ters er stand

Ior "Part trme studres" , "less Fee ' , " FutI tr m' studres 'and 'Located nc.rr IsldnraLdd '

r.spectrvely Then we can grve the followrnt 
'xampl€E

thc onc column sott matrlx .9

Iir'i]lr" IL]
LI DF lc,jl

wherer = 1,2. , m

ls callcd decrsrotr soft mdtox
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3.2,4 Example

Suppose that two Studcnts. NIr A and trlr B' come to thc conta(t $'rth c'rch othcr

and want to tct adrrussron Ifer.h of them hts to consrder thcrr o\n sct ofp'rrarnettrs

then wc select a Uruversrty on the basrs of the s.ts of prrtncrs paramelors b) usnrg

thc Soft luatnx D.cBron lS folloss

Assume that lJ = fu1,u2 t3.u4 ts)rs a unlersrl sci rnd E = {cr r: er trlts
a s.t of all paremcters

lur A and l\1r B havc to choose the scis of thor Param€ters, A : \e, ca' eal

end B = {cr, e3, e(} raspectrvcly

Thcn we can wrttc thc follo{rng sofi m.trrces wtnch ar' constructcd a'cordrnS to

thcrr prram.trrs
001I
01I1
01I0
0100
010I

lD,rl =

r0l1
1001
0011
001I
000 r

Norr, *e c.r, find a ploduct of the soft matnc.s [a'.,1 and l6,t] b] rsrns And'u

product as follows

Now we apply And-Bproduct srnce both lttr A and lrlr B chorces have to be

ld,ol =

00000000101I l01l
0000 r 00I100I l0 0l
000000 r t o 0110000
o 0 o 0o0I l0 010 00 0 0

00o0o0o 100100001

,n,)) for alr r = r' 2' 3 r' 5an'r q t 2 3' I

and d,e = mrn(c,r, D,r) such that p = r(J - 1) + t

Then

lYl = Iv,ols,,' = [a,,]^ 16,r]
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lo,,l a lo,*l =

00I1
0l1l
0l r0
0100
0l0l

Wo can 6nd . decBron soft matru as

irDF (lo,Jl 
^ 16'rl) =

05
075

05
025
05

\&e can find an optrmum set of U accordrng to IlDf ([o,.,] a [11])

optm^t Dt ll",,l^1b,,)) (U) = {u2}. wherc rr2 rs an optrmum Unrversrtr for IIr A and

l\1r B
Noi. that thc optlmal set of U may coniarn morc than onc clcment

Srrrulrrly, w.can also usc ih.other Product! (la,rlv lb*l) (lou]i lb'tl)and ([d'j]Y lb'rr)

for thc other converucnt Problems



Conclusion

Conclusion
The soft sei thcor) has bceD used rn drfierent fields The results of thrs thcsrs

show that the B-products arc bmary Eurther It ls shown that asso.ratr\€ laws ;s scll

as dEtnbutrve lsws holds At the end of thls thesrs wc hrghhghtod that soft matrx

dccrsron makrng on the basE of soft set bhcory ls useful The c\ample oI a studcnt

who rs lookrng for some uDvcrsrty Ior Ph D ls also 81v€n ln thls thesrs These tyPc of

producLs can also be dcnned rn fuzzy soft matrrc€s and wc can also take the products

of ihe soft sets and then coDvert rt rnto soft maLrrces and can comp'Jrr the result Ur

both ihe cascs Th$ Convers. can be apphed m both soft matrrces and turz] soft
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