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1. Lean- Agile- Reselience- Green
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1. New University of Lisbon
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1. Analytic network process

2. Analytic hierarchy process

3. Importance-Performance Analysis
4. Interpretive Structural Modelling



<o\)\§w,c>u)...@M&j;)cl;‘,;ﬁf)m{

'Y

5 oo 0,255 Ciliseo slamaldlyly 4 ke joboy Gimgly cpl dlaiiy g (555 e 52

Julosigay 155 (gl calizes Jdo i &) 4 ol (5 il odds adlyy b cuS 5 5
lele g llg)lS 15 )y Lol ol 2l3ilon ;81 5 Sl Hglob- )il slapaldll
8 angliionyge any ¥ jlaie 1) @)Y (el 0255 mbohl ez o)l (Sle ygp0 b (Y1)
O Liegh ped Lisu bl j0 )8 sdalde N Jodx 0 ol e |y duglie opl a8 wish
a0 b)Y ol 0pu; slambll I a3 018 ol bl e slapasls
) aibbe imgh ol b laasls Gl glie & 3980 aisly, 4288 @l

1] cilieo lagl 1 ol 0 pueiy cilisio (loma ol (cusype ) o

}{..w

25l

ob

dnsgi 35 50
ol el
ol ,;L"

» S

FRISPINGN

S i oLl
L ol a4y cuissl
5l A oglbs s el
ol g casls 4o

.- S & Vu_c

Slils ierd
Gk 3l gyt
9 Srode b b3
L i g i

o] ol s

oialS S jes
sphlasl 5 ansn
[ETEEN ‘U»)I_w.\)b

5 2hS = 555
sl AU ials’
9 Conj oo ailio
S sially drwes

Mgl

& ypimplasl 1y 1S

= e sdle; eliy
SleMb!

sh— olly
& Jodl puSe
gstie slajls
PP (ol yudie
ol gly byl

Lol 4

7 g —
PRV

Mg e

092 S)l—Seo
Jols a8 Sleojl
Ol 40,8 o

Ca] uLl)M

0y 5y S lie
S (Sign 5 el
5 g Ciol drwgs (gl

ol

oln)'\_u SO bl
sl Gl slig
Jgaze 2L

2 Sl LSS
(s (gl
2 B Ge—oxen

Slhbos gaw

i S 3o
G jlazo o o
dr w9 3D
LS gl (st

‘—i-‘“:'.)

o o S yd dloo)
o5 03555 S

sl loslw sk
by gjloxe
2oy b 0
B PS—
sl Bk

o,\.«i’:dﬁl)]

His b 6l edlal
Al b L) lojls
» p_g C}‘O—W

5l podludio

o b

rhlasl oS e

slo i
Jolis o,\.:.;fdfn‘l}'

sy

sl Shs
Joli 0aui8 pyuals




WA Hlg Y ol 4[..@_" Ju (e S pde j‘x‘r:;g-

WY

29l

ol

PO

YL

oo ol —wlid
il by bl
Sl el
5 PSSl

Lo Slge ials

Obisebl o) 85 (5l sl
S glej

(S yudno sl

Y 5
Bl g 39290
I » e 08

o

s 3l
$O5290

U gl il
by Ly J&y e
Ty | P —

oS Sl

S by Lials

Olj8l
sl )l y
S by Lials

AU gl Ll
ol pae byday

5 olaidl sk
o 45> )‘| odléswl

bl sl dlge
s,

Sy

Y game L?l)b
sloils b sl
b yude (polais!

a0y Slos Do
oS S8l s ofy am

ORR93 (ol pug
WBaa p el g dslen T iogs dmodls (g)eld,8 Jlate I psls simgl bl b,

PSS o sloasls pligl amwbre sl 5 cunl (o5 Simghy sloodly el ()18
5 OB 31 8 A (nd (laigliad I A el 4y (23lital 5 e 025 slabll
5 Ohard IS s g sla it 5 oS abl Jlo 8 Jihe Ll & lams
ol )5 JBlas il cMuass gl § Kol g (b5 Crino (20 e glaom

L Y owels 050505 50 5uisS opmels sy Jliday yusls imgds s ool cisgs
A axg bl (glashad o ol i eolaiwl b o)lmedin (6505 paoual L SESS 1 oolatwl
ol 0 00l s ) S 50 aods jsbay iagh calisee ol pe o Julodgds 50 b,



Yy

<o\)\§w,c>u)...@M&j;)cl;‘,;ﬁf)m{

Ciliso (ol w40 oS ppalr Clsiis] olo, a5 L Y fpds

oo

sl FUNN

Ca b 198 agame YIS 25 oS (ynandd ‘.\;,ti)é el
LB Cuosd il )8 danpy S &

S

Sgn 31 oolial «gip) Bpn oaals 31 slge oSS 5 o
O ) 423 ¢ alond g dal> OMSB dhal Ly cpie 4yl
SinlS s Sogll 1S slagsb ol 5 lon 53l oy

sl (59l

Y NEY

daw RE&D ol i law pbxl ¢ (Joame dawy cublls
Cr plow 0diS Cupde e 2 plycillas] (g5gleSS
ohibp ey )l

bl g ol

Slocbls oyt Gledbl asyy by 0 s g

P PCIPRTS

Isa (S35l el oLl ¢ laiiyd 3ol

wsboin] clocS

RS dawgl 5 B0 o pde lrob] (o pie clpiue
Le)lS” Goi> g gdlio jl o pe coles iy e

Cu o (St
9 Ob) s

A CabilB wdgi ai e (JBg o aigie o )Sles b5l Cued

(Vo o) San

yoiuna 15 ( (ST 31 (6 gl bl sl (559050
bl cwlw (Bl JymS anld e 1 som g

by o o

Wlgo @83 (oL Gaw Mg s ddl 2l G (gAdtuy
Olabad ) 0dlitwldyge dlge adye

o Y guaze

Sl G o pie Bpium G 3 B3 Sl ¢ sla]

Fow S5I9SS

o gl

L Jyaze (bbb e sl ghpay e (Slb
Cangjlaze b 55k dlgo I odliwl YIS dame Sk cply

o S9lg

Blas 3 I Gjsel o slaplojls b S )l
Sbylas dlge oyt o oot ;

e j 3,Sles

M lops SOl (hya0ly (giluan)lSG el
e s jlayme Gllal colild wud b« sllil mlaw R&D
J.u)yl okl Wy laSuss

dﬁb_é ‘5.,\3.43|93'

2 sl @bl Al ()l (sdsge (105 (S Cand
Comd i Slhlos dgw andls plow I mres B 39w erew
ol plBl gy Al dgw ab) £ gl

Pl plbo Goi> S (8L Clue Jlo B35

) Ke 99)) w(""'
(v--a
Sle Cunsy




WA Hlg Y ol 4[..@_" Ju (e S pde )'Lul‘...ig-

VWY

cadle piy) AT aw «ledb] (628l 4 g

Sy Sllanil iy jac oS

b 0255 103 (55l e

Bk
Ulf.\.»swﬁl)

u,a.nﬁl.: 0350y Ca pyde F?“G ‘u.n:lfT pis d)ls‘;.b ¢d).:.\.:u.mj

5 2] 89l

(Y V¥ ol

Ulf.\.»swﬁl)

RED . S:395:55 bl

ulfJ«.Sumb

Lo ¢y (SLS5 (el

B el (69l

GVl > Slas ¢yl yidio danlye WiVlo )low

Oliabl culils (V¥ Y,L) b

J5 ol b b 555

wbly

2l (2 g 1l s wwuiS S bl

oloile dySlas cuas

2l Cudge

Uil cusdse

ool

b Ll

o 5)lhu canlio polie (MRS cdusy yuo g1 )0 (JoB oo

99 Cued

a a

A 4

GRS Al iy 55

= =

69l gezg wlusl yg50
2L b gle asll
LARG sl 3315l 51 G

N\ 0\

b Fge sla sl ool

9 o 5yl 3l oolaiwl
LRI

J J

e e
IS 52 ol s

I I

IS b wsls

BWM jl osliusl b

b Baiss (ol g0y 4

A 4

9! bl b 2l (g

A 4

ol 0 puzmiy gl @l

TODIM <Ss5
. J

s el sl ) S

S a9 ey

(V+10) ooy bawgs S (BWM) (s - o siae (bg) ool 2 30w 90 = 0 5% 099
95 e g ol astie 0 pS sl lawgl (e ld p il g oyt Cul ol &l
Copnd BWM 2,5 (0 )90 bapad b 103 5 (03 5 o) slse 92 ol 51652 0

1wl pj sblie b (295 Sluslio p (e (230159 Slabsy ple &



\Yo <o\)\§w,c>u)...@M&j;)cl;‘,;ﬁf)m{

Gla by »500 4 Cad (6508 Olawlio a5l fcuwl jloy (e by BWM.Y
By doliduoyy 4 (2555l sl 35 6 oloj ol @it 5 0, AHP alex 5l (2305
= Leolas] 5SS [FY] s o &l b gy plo & Cund (55,55l Sluslie BWMLY
028U i g Cawpdl (slacsglad 51 sl a8 cul (6)55Lob s )d (655 paonas (sla b9,
Lol ulf..\;).fwa.? 9 Olf).,_&
gy Se b g LS e Ll ]y adls (p g e OB S Ml ey cnl
AHP > Jlio (gl s ©pgo ml d S meenal laslg) ol )3 45 b 0
2GS gy Il 51y Olunlie e o cunws yol ol &8 WS o lhn (6,550 Jare sla sl
[¥o]
Al 5 oolaiwl &S dgus o odlaiwl puzus dlacl IBWM g, 33 (295 Sluaslie (gl ¥
[¥V] A8 oo e 1) 39y ) 325k ]

{YY] o.\;;_fot;l: obsl sl [Fo 7] Lm_\;;foﬁp‘ls S iy sl BWM 1 g8t
el 045 03l [0+ ] LolEag,8 byl o [0V] Sy obs,l {FAR&D 5,Sdas b))
{¥Y] cnl o) @90 4 BWM 3y, slapls
sl jl3y90 prencd S (58)S (Sl & D9 o0 iy {C\' Cyr ey Cn} ©)ped
(Cmpllae oy a8 g Cpanl ()5S (6h1) (500 9 (Foatlae (Spne) (ke 3 O
SSHgbanly pasld (5 g op g 0k pS eaenal Al o (pl )3 9 0 pattie aSli
DyS 08 Gygeo Al yo (pl )3 (lhuslio gun g S oy yaS
Do oo aseido ALY dliel b b jadls plo & Cund (adls (p o oz 1Y 08
Oygwod s Lo gasl 5, Sdd s cu i adl b pyp s G o)l by
Py G| apj YU by j0 a8 g o0 00l ioled Ag = (aB\, Apgys - aBn)
‘ool App = ) & Cunl gusly md o olis |y () pasls & cans (B) Ladls
Dy dgd o atuie ALY dlael b adls gt & Cuns b jad s ded Cuses )l i€ 0

C;)a o4 s ua_&l " L’x)sx s A s L"A: s | b\ubl " ):)’1 N Ca ‘07:%)1



VWA Sl OFF o)l (g Jln ¢ it ke It \YWE

ol iy YU 5oy 53 85 3950 030 Liales Ay = (g Gopys o apw)T
il Ay =) & ol gly s oo 0Li5 (W) asls i & cons ) () 3L
Sy a0 Sl (W) W, e, W) oy disge yolis oyl 20 @8
sod 3 byl ol 3503050 (sl Mb% = a, 3% = apj slags; boasls
oo o8 o) dan (sl |y —agw| g [w; —a,w,| Shle b ags by el 1L o
y Jie gl Oligl ggmemme 9 Ly (9 it 4 drgi L aiS Sl ) ol 00

2,5 dlge s (V) datl, &0

mineg
st.
| Wy —agw;| < &, for all
; )
|w; —ay,w,| <&, forall j (V)

> w =1
f

szo

bt Jae 0 nle cansay €5 5 (W, W, e, Wiy) diage joslie YU Jus o b
ol odly eV (685l snimd lis il 505 yao 4 & Hlade a2 o5y oyl

95) @y Silwosls (ly g S el syl Sl > glaskd b 405yl @iled
3,5 > olael ey S o (el L Lili8l) Jas Ojsods den daasll ol
-0 ddg yShas Sl e (gl s Syao cpl 4 28l lid > &S Jbs > {FF] 20 0
ool Bl sl ey X5l i esl cueud ST bl daly X ol 5 (gl o piwd
il e 3] Jnagi] o) shiel R385 slS mred et ile 55 Jinag
Sly (Sdgiome b 4SS Sl hagh g xS el (5l (She ) Lol el Hho Cued
b oS glaskad (s (o35 s ) oolass 055 oy 53 (VIA) () d9sel 058
X Jgiz 5o bl Jlosal g lss nl 2,5 (Byme |y 2l clilas (oiBly (sl 1 (5 S esanss
Ugj plf padls 4 a3g LT au S (hiel) 2, hee X5 (Jod cpl yd ol o ool ol
o3 (l ebons Vb g omb a> {d), d]'] 5 plf Lasls & ey L pli 4 S 35)

el 05y S ol Lawgs plf



YV <o\)\§w,cw).u‘_;tulgsdlas_,:,‘)tcl;éﬁf)@{
[Y¥] (ohtela o3 3] aolsi ) gt
Jl3g03 alal, &b o
o xij — }l . Increasing .
u . .
1 ) T A Sxy S A e uy X gl L
Uiy =% — 4% o
0 ygo onl xE e
0
dj di e
i Uy Decreasing .1
! d — x;; d<n g oRelS Ui Xjj il L
={d*—d U= b
J J
0 g ool 5
0
dj dy ke
ST Ui V-shape .1
1 I{dj —xi]- dl<x<dn ul] ‘d] C.Iawl;xlj w\)s\b
dm —d! A e T
—Jdx;,—dm D8 e U
i —d; b
t 0 Soge ol w2
0
d: d;ﬂ dl e

L n

Inverted V-shape .£
Uijj daw cnl il o 5 G158

b oo LialS
m 1
Syge onl pé 2
. l Increase-level .o
FESTIN ) Xij d] L

< x.. < dm . N s
. d?_d}dj_xu_d, oatde gaw B X Ll b
= i m

YT drsaysdr ons dhee P W 4
0 I TP .

e B (ST




VWA

WA Hlg Y ol 4[..@_" Ju (e S pde j‘ub"r..‘ia‘-

Jl3g03 abal, &b o
Y Uij Level-decrease .7
1 : ( 1 di Sxy<dt oede ghe U X GRIENL
| . - R m
:1 _ d}‘—xi]- i<z < d dg> )I.LM ):SIJ.> 5 uij gd]
dit —di" T e gl ) e g Sl B
0 Sy cpl Sl Rl g4 Ui
, :
di dp df s
ST Ujj Level-increase .¥
1 ( 0 df Sx; <dlt pesde ghaw U X5 GRIENL
TP m
_ Xij — d}m JM < < 345 )L\.Qn Jsl.\> 3 uij ;d]
d —dr T 7T T e ol 5 e g Slee (3L
0 9o ol o el U
0 L
iy h u; Decrease-level .4
)l J
1 d} xij dl < dm ORTS @a.w i x,_J UMJI)BI l;
m T4 S XS4 . . LA™
d] —d] )lLf“ﬁ?J‘flﬁ@leul]‘ j
- Od]m < Xij < d]u )IJ.EA Jﬁ‘..b el uij ‘C]aw u)]
t 0 ypo ol e Blo o (Bl 25
0 >
d; a7 dj
s A U d} < x5 < d]?n . Increasing stepwisg 9
1 wj=41 d*<x;<df oasie gaw U X5 il L

0 ool pe

U, ol by K Oyg0 p (inan
L ml

Ug d] < xij < d]

m1l m2

mk u

0 <ygo ol g

Ug paseia ghw » Wy )"
daw @ o5 o g Sloge 3L
Be o (wShe) YL
Sl oo Sl e 3 9 A8 (o

Slo o




VY4 <o\)\§w,c>u)...@M&j;)@;;;ﬁﬁ@

12905 ahyl, &b oL
o 1 di<xi:.<dm Decreasing stepwise .1+
. o b sl b
1 uij= uod}meUSd}u uwéa.w t uﬂi)sm
0 rygo ol e o d¢> )LLM )51» 5 uij ;d]
. a4l 5l e g S H
y g oeizzenKin, s by gl & ol sl S
1 d<x;<d™ 8o by e (Uo) yowl
Uy d]m.l < xij < d]‘mZ .A}LoL;o Q_‘SL Zr_.]a.w qu Ny
0

mk u

0 Sy opl g

b 55, s )k, sl 5 e Llsol, TODIM s, ' TODIM b9,
)3 &S0l TODIM sy, ol ony] .S o 1)) [YO] jlilaies dg,bss 58,5 L5,
a2 ol sl dasuiony ) @b S oobel Gob )l by I S e bl
l, TODIM g, 5l odliwl amgs 5,5 (canvas, |y bauiS ol e odelcuwna blus
2,5 ol 2) Mlse » Ol
&S Cuol cpl jlaileds aylas 13 ppe dSS ol Glulgin 4 ke o S hgy opll)
g 2 Solis ol imdn il Tl 5 g slapasls @ )il ©ppon S S
{V] o980 ot il Jols G L TODIM iS5 L ooy
sl Bl g polel iedle sauas, laghy) ple & Caws by, )Y
V] sl S b8 (8 3 5 (B8 S wpenad

Sligg byl [V ] b B aolie (obj)l dlonjl iliee (slaojon 5> 55 ST
$aasy sl [OV] Simend (g)lwign 9 [¥8] o 0aiiS el Qlsesl ¥+ ] el il
PA] cunl o aoMs 5 25 4 TODIM 263l slaplS .ol 4, S'ay aasy 35
Joslawad LY = [yy;] copponr X = [xy] paess G ple (950 3dleyi 1Y 08
03 Yy slaby,
(V) dah LG pp padls @ a2 L G (adld & baipe Wi (s (g duwlone 3T 08

"

Wi = 2L jrenN (v)

T

1. An acronym in Portuguese of Interactive and Multicriteria Decision Making
2. Gain
3. Loss



WA Hlg Y ol 4[..@_" Jle ( gmn Qﬁﬂu\.aj‘ub"‘...‘l;‘- VWY

w3k w, = max{w; € N} 4] ;5 &5
oasls o (gl (Ak) 50> laal S 4 Cund (A;) 445 o blus 42 ) dusle ¥ o8
(V) abaaly L (C)

- ij = yrj) >0

( J (yi,- - ykj)er

(Z?=1er)
_i/(y"f - yijvz.(zyzler)' (ij =) <0
jr

b Ag S5l b A 4035 9 oximdlis Yij — Yiej > 0 ol M1 tals 5816 [
ol Gl oW i — Vi <0 g cwl G jasls 4 vy
(F) dlasly o A auS U A; 43S S balas ds )y duwbxe i€ o8

d4;.4A) = ) D;(4.Ar) iLkeEM (¥)
k ; j k

H(0) akly b Ay 435 S ltel ggecme 0 o8

£(a) = k=10 A — mineem | §(Ar AR}
IR 04 A0} — THERL 5(Ar A)

iEM (®)

o atdale JS 55 4 25 L ol o iosllan 5l 5 et sies; 7 o
Sgr wwled ¢y HKaly Ap an S ol KT sl ansly oy E(A;) & lan S

o9 Bl g Lodly Julod £

9 B sl 5l elil b S5e sapadld gusd legl pbml Jolye Sl pos o
L ol o sl 55 5 ol ol pasl () alulsd ) se o Cud b S5
oo BWM (SiS5 5l oolizl
55 b sslae TODIM 5 BWM (cla ooy 4 bgsye (claodls .l osol cossas ¢ Jgi>
lasbyy 5 Epd90 ol da (5)pan duly 4 )3 g Casl 0nd (59l ger B pS e
5 badls 4 by il e 3815 5l s b ab awls gl 5l edlatuldyge



1Y (O, 8an 5 236 . (slanlsd o 350wl 57 6,5 ) %

ISl Jote ol 3 S JeeSS g, o delitioy Billae 1) B8 el
Cool ol bl 53 dbgiye (aSLs (59 ouimd i xe (39 45 0ad il 19 99 b paS L
2 b aslis fyjg samd lis S 5e sl Sl mulayl 51K o 50 gl ol g gemme &S
2l Gig 2 bbb e o)y eredel J Gig ol & Cul S mea Jio S
LAY ligl s jew g yglol (SOls b slamldb e bl e Canddy adli
9 oS) a3l g9 F Jodo gam slajgio oAb Jwols </YYFD o +/ATVY /0-3A
(il Cudge laasls ol ossl b Jgo b o g skl oS wl g5 S
(A B cab) (&S ©jgon byadld plo 5 (o Glpadld (Jpame CudS 5 Cuod
2 el polis ol ond jglaie (sl o] 33> ke (5pSraad Jgix 3 5 033
Solil adgl odle o el (sl JEAI ol b)) (sl (el s b Jge b
Level- (plilyie cundso (asls g5 Jlo (sl sl 485 Opp0 (imgly (5,5 g
3 bS5 o ytoghS 00 b D alols y3 a8 SIS el s leds el decrease
Gl )15 alols &8 1 |y sioghS Be v I Lt oS A e g Sy syl (gl iyl
G508 51 (s ytagh Ber B0 oy dliols > oS SENS el (35)] 9 Atd shio 5
bib 3o Jpae cuiS jasls @lp e cwde 8 daly b plhe oy )8
Loy Ve ) S Slge (g b ol 1oy 4 6,85 oo sho it B3 SIS el
b
2Vl s 93 > TODIM g, (slaplS 5l ookl b 5uiiS opuali (caisasy anldl o
2 sl Sluslowo &l p3Y 1S5 ol (55l 085 dnlp g0 (glaskd s g s
oald s (glaaad s Yl el )0 Sluslowe laad sl )0 Lol g o plsl el g

Db o dunlie mal B9y 93 (GaudS) Coledyd g ol

pasls yo codasuio g 1) Jod>

& Jge 8 &gy osligy  (Kojs 039 ol mbll
(921) oo
ij Level- - dase ey e
1 5<x; <50 decreas o e
. e (s2e5kS) bl
500 — x;;

=\s00—=s0 > 0=% =50 C)
[ o Sygo ol ué i
-
<
<
Ui Level- s vy Ay Jlols T

C.
Xij — 3 e (C12)

{0 1<x;<3 increas




WA Sl O o led g Jlw o imins e 1l WY

w; Decrea S JoAy WY (Cr3) ced
3 —x; se-level
3o 05<%; <3 Ol )
=10 3<x,;<5 (Jb)
k 0 Sogo il 1
x;i—1 Increas ; .. . ~ubl
TEENP e S [-vwA  -Iove ONHE
uij = - jlwds LSS
0 Sygo opl )C.’)y"
C21) &
—1 : g
BTl cx; <9 lﬂicr:eas S dosxy LAY Sl S
w;={ 9-1 9 R&D ¢ %
0 oo il w2 (Cs2) a<"
S
g Level- s SYMA - Ivsyy CuisS -
(0 0<x;; <90 Increas ) J
BW-Yhl >
x; — 90 e 2
= m 90 < Xij <10 e (623)
0 oo il (V=YK
u; Level- S YRS SV IRRY 4 4 LV N V|
0 1<x;<3 increas .
Xy — 3 e (C31) s
= 3<x;<9
| 93 i
k 0 Sygo ol 2
-1 . .
{ x; : 1<x;<9 In;:;;as oS Jovsa o Jase¥ o
Uiy = - Sy —3
0 Sygo ol 1 < =
(C32) D
w; Level- S Jeaa oA &) Ko 35
0 1<x;<3 increas C <
- 3 e e (C33) -
= I 9_3 = xij =
k 0 Sygo ol 1
—1 R o
{ x(;, Li<x, <9 Inicggas S TR VS ERAN A Ul
ul] = - & oo
0 oo il 1 RIS
(C34)
w; Level- S Jevey o Jevor Iso S35
( 0 1<x;<3 increas (Ca1)
X — 3 €
= 9_3 3< xij <9
0 g il 1
U _Level— S Jowwy o Jyes (SN
0 1<x,;<3 Increas 3\
ij .
o e (Caz) jomo o
X — 3 < <9 f
= 9_3 3< xij = E
0 Sogo il 1 -
u;; .Level- S .00y Jyey. FERWA
0 1<x;<3 increas
(Ca3)
xij -3 e
={9-3 3<x;<9
k 0 oo il




Py <o\)\§w,cw)...‘_;tulgs_;lp'_;,‘)tcl;éﬁf)u@

_Level- S Jys00 sy 51 oalazuwl
0 1<x;<3 increas ~
<9
) 9-3 L
L 0 Sogo ol G j oo
(Cas)

Cpd BWM g, 5l odelcamsas oligl 0 peonas o yile «gjloJloy p ogde a5 0y
0L 4 by Wi s (455 F 650 ] e canddy (y9i90 VLo L pile 5 355 00
PWir =L €N dal b glas G p paSls 4 25 L G
Py 059 cpein (Coz) Jgamme oS (sl g &5 ool (b ol odol  Joi>
R Jdb19> ;ﬁi )gl)g er )IABA ) 0305 uoLw‘ .)95 LY lmua>lw fl.o.:

a3l b bspo Wi (o i) O gt

o Syl S b
Wir S Wir oL Wjr sl Wjr o Ls
-l-ovy Ca1 oA Cs31 AR Ca1 Joeny Ci1
-1-Ady Cyy -Nava Cs,y AN Cy, AVNS Cy
FANAL Cys -[-yo¥ Cas ) Cas oovvy Ci3
-Iyvov Caa RN Czq

SlpAp 4’ @ Caws Aj 45 bl a5 0 X pB L 3illae g TODIM g, asll >

al Jaite 0uiiS el ¥V gl ol g3 48 43S sluwi 4 8 ol o A oyend G a3l

Cowl 015 Al 0,5 1Yo 5 el 93 ya (¢lp o sl Counsay blus 4> (6lyp wyle V
ol 0a (651365 T &8l 51 o yus ilo ol (YL oo Caz 4 &S

e b A b A w5 blaaeps p5p

P ol glaadd bs s mls & 398 awbxe (4. 4}) = T (4. 4))

Gl osds 1)l & Jgi>



WA Slg FF o)led o Jle (g o e j‘u\i‘r.ig- WY
loay 5 blui 430 F fod>
bl e,y hludasp blus a4, blus s, blus a3 blus a3 blus 4>
Sy Ss Ss Ss S3 Sz S1
|]A7Ak) mAGAk) l]ASAk) EAAlAk) l]A3Ak) l]AZAk) l]AlAk)
=\Y/N00 —-a/\yy -\¥/avs —-Nas =4/+A) =\V/vas AMARR
=\Y/As =\Y/5.. =V-/ava —\\/-v5 =V V/A¥Y —\o/-A —\o/o¥y
ARAN /e =\o/-YA AR —\¥/0n- =\Y/-Y0 NARZ =\
=\YIYAY =YYy —\Y/YYY =\Y/AYY A ATANAE EAATARY =VV/A-A
ARTAATA —\Y/IE¥Y -yy/ava A/Ald =a/yvy =V¥F/ay. =VF/AVY
ARARN =\2IVYD =\¥/avA —\¥/s08 —/AR- =\V/634 =Y /¥¥Y

S 9 D9 o dnwlre N3 (Sladn IS & Cod 43S s balud da)d pgemme ug
Al o Canday omwb 22 sly §(A)) csddmle S5 o5l lade Sl olwl p
sl o &IV Jot 53 (o (55)) @b g, b (S el (25 (st 9 b

loay ;S oly 40y g bl 40 oo ¥V o>

oSl ) 5(4,4)) §(4) 5 45
S -aY/\ve -1 -YA 5
S, -0/5V- v
S; S AIALR Vows )
Sy A RIARIN -IYA A
Ss —AAIYEN -Iyva )
Se AA/ANAL -los¥ ¥
S, ARt -Iysa ¥

sl ulfmu,.ob GAuds) g duoloee Lodly (08 Yl s clls 4 ;0 TODIM o,
clag, o BMS] Gl Sk oS ded 0 odnlie o2 b gy 90 @l A Joo 0 .0
Cawl Olf,\;;f&;b"

loay 5" lgs 4) 5 Ll 430 gozo A o>

355 ¥l by, 445
u‘”)’\ﬂ‘ﬁu"w S4>S7>53>S6>S1>52>55
sladkad (o Yl y by, S3 %S4 7S, 2S¢ =S5 251 = S,




'Y <o\)\§w,c>u)...@M&j;)cl;‘,;ﬁf)m{

ol ol &8 G Bilate oi 2 (35 Ve g, 93 (alkd sy A Jgdo 4 g L
Y kel ghls Jlo b (adld > preal adg) e ple (p b a5 €85 515 pgd 43,
o oyl gl abl anily aw Sl Ll Jb old el jl &S L;lo.\;;foﬁ.ogl: Ndgy Miize
)15 D92y ¥ oyl 0diS el gly 5 ey I K0 S gl ol andl el
2,8 Juls 1y

Lodlehudny 9 (6 o5 425 .0
alojls 38050 0wl (2B cuje bis ly Glpte Sl By pas
SRS el il (b yiite slajls & (29SSl (sl L5y oy 015 51 b e
Sl glapadls coley el Sle g ygpe opel imd Ful @y il ool 4 oS
S S8 ol ol @ ol e (o g 59l OB Sl «b) el 0055 13l slamabll
2 &Y b 0285 008 (el Bl (gl (6 S s e S B by gy ol
b 33 0kiiS el ] (sla il gl L) ol &85 & pg0 Sanlpus g IS Gt
Siledae plxl 5 (B3 Sl L il dule BWM SiSS 5l odlatl L mabl)ly 51 S5
oebaidl 59 4 1y (gl cpytie e O g 4ol Gaw (Sl slagbl, BWM
ol 2 aS oyl ol eIV Keolpw 9 (6 o 3 (Sls mbll (YL Cuonl sl
Mgd s i cunal jl plyite Glajls b Gllae piydlasil 5 gy (2555wl Caio
IS @ aetin) Jlue 4 dog o (pl )3 Jow @Bl (jg 4 g b ol
Cuanl ol ol 0ad a5 L8 5 (ladigd «dg lyide o saSAEY (1 ek
ol Jb a8 cal G e pglob g ol slambll Gl oS 5 omb
5 G Jl AP HB s (g ek g Sl 0ad plodl il b (g5les, il
L Gla Wb a5 sl (gledgidl il e oS olaanl s Jbepll ol sl
e g Jbo Ol il b Bl blse I oslitul ¢ Jpaxe cuiS slagadls
295 4 ylol g Ob o (Sl clombll 3 i |y oligl et sSol
Byods 9 @ Ji975 Sl o Caaivo ] 0AIS WG (oS b (gl azl als olazs]
bl g At putne & sl (SEAS (ol | Camijlazmo b Bl 5 iS5V gae



VWA Sl OFF o)l (g Jln ¢ it ke It \We

hlSer 5 I imgh 0 CuS slapadls Cueal dg0i Splapl Wb wle Jbo
Sl3 (Vo) e) ol an 5 ulgl Simggy )3 Camjlamo L HE5ks dlgo I eolizal (Y- -9)
(V-V) cohlSan o JIglST (imgss ) (2sSously Copu g (Yoo¥) Yol imgsy o Jbo
Dgud oo 0 nliie

adgl osle S (6l Sl g (5 Caniio 5> 008 ol 8 1 i (g bl
s 33,5 TODIM g, 31 oslizal L 5 01 oy oY sl Sl ste 51 <o 3l
g5 &S A5 pasude (bl 3 N gabad) sl b 5Vl g s pYley
b $Fly s laddad (s 5Vl y B9y 9 30 3529 2oy (hg) 93 O (swgmne
e 5l S s p0 sl sl sl &l L cul oas oM i cpl e o &)
Slopadls i) 2 B Calo adgl dlge 00 sl e 4 (el 0055 )k
slasl g pol Ban Jlisa mbll ez Jl S e aSlolj) gd S8 355 (03 Shes
bt ) Wb Cato ol )3 gl GES LS s 395 0jg> )3 (93See sy yadls
& olwwd sy lyos g9y 9 e plad 9wl LigS o yadls pl jo slaidyee laal &
Slerdey gl nl 2 5290 GCdgime 4 dagi b sjle @2 )LSy 5 Siales lag]
ol 23 ke (slaasls (siloag b mlio plo ly S prond plus (ol & 2500
ol 48,8 a5 > idgh (pl (SUST g bodly o lueblpas g 43S KA Cris
L 5l ghie 5,84 L) pliuablpie ST Sldlas o wilg e ol Sitmghy o ol
a3 o &)l g yialaie] B puls andl a8 S o )lg 255 Jio 4 (oS



"V <o\)\§w,c>u)...@M&j;)@;;;ﬁﬁ@

&

1. Agarwal, A., Shankar, R., & Tiwari, M. K. (2007). Modeling agility of supply
chain. Industrial marketing management, 36(4), 443-457.

2. Alali, F.,, & Tolga, A. C. (2019). Portfolio allocation with the TODIM
method. Expert Systems with Applications, 124, 341-348.

3. Anand, G., & Kodali, R. (2009). Development of a framework for
implementation of lean manufacturing systems. International Journal of
Management Practice, 4(1), 95-116.

4. Awasthi, A., Chauhan, S.S., Goyal, S.K., (2010). A fuzzy multicriteria
approach for evaluating environmental performance of suppliers. Int. J. Prod. Econ.,
126, 370e378

5. Azevedo, S. G., Carvalho, H., & Cruz-Machado, V. (2011). A proposal of
LARG supply chain management practices and a performance measurement
system. International Journal of e-Education, e-Business, e-Management and e-
Learning, 1(1), 7.

6. Balaji, M., Velmurugan, V. & Subashree, C. (2015). TADS: An assessment
methodology for agile supply chains. Journal of applied research and
technology, 13(5), 504-509.

7. Birgiin Barla, S. (2003). A case study of supplier selection for lean supply by

using a mathematical model. Logistics Information Management, 16(6), 451-459.

8. Birkie, S. E. (2016). Operational resilience and lean: in search of synergies
and trade-offs. Journal of Manufacturing Technology Management, 27(2), 185-207.

9. Blackhurst, J., Dunn, K. S., & Craighead, C. W. (2011). An empirically
derived framework of global supply resiliency. Journal of Business Logistics, 32(4),
374-391.

10. Burgess, K., Singh, P. J., & Koroglu, R. (2006). Supply chain management:
a structured literature review and implications for future research. International
Journal of Operations & Production Management, 26(7), 703-729.

11. Carvalho, H., & Machado, V. C. (2009, November). Lean, agile, resilient
and green supply chain: a review. InProceedings of the Third International
Conference on Management Science and Engineering Management (pp. 66-76).

12. Chen, C. T., Lin, C. T., & Huang, S. F. (2006). A fuzzy approach for
supplier evaluation and selection in supply chain management. International journal
of production economics, 102(2), 289-301.

13. Christopher, M., & Peck, H. (2004). The five principles of supply chain
resilience. Logistics Europe, 12(1), 16-21.

14. Christopher, M., & Rutherford, C. (2004). Creating supply chain resilience
through agile six sigma. Critical eye, 7(1), 24-28.

15. Duarte, S., & Cruz-Machado, V. (2013). Modelling lean and green: a
review from business models. International Journal of Lean Six Sigma, 4(3), 228-
250.

16. Espadinha-Cruz, P., Cabral, I., & Grilo, A. (2013, June). LARG
Interoperable Supply Chains: from Cooperation Analysis to Design. In Intelligent
Decision Technologies: Proceedings of the 5th KES International Conference on
Intelligent Decision Technologies (Vol. 255, p. 255). Courier Corporation.

17. Fan, Z. P., & Liu, Y. (2010). An approach to solve group-decision-making
problems with ordinal interval numbers. IEEE Transactions on Systems, Man, and
Cybernetics, Part B (Cybernetics), 40(5), 1413-1423.



VWA Sl OFF o)l (g Jln ¢ it ke It WA

18. Fan, Z. P., Zhang, X., Chen, F. D., & Liu, Y. (2013). Extended TODIM
method for hybrid multiple attribute decision making problems. Knowledge-Based
Systems, 42, 40-48.

19. Ghazizadeh, M. Nouruzzadeh, F. Raeisi ghorbanabadi. H. (2015). Analysis
of LARGe Supply Chain Management using DEMATEL Technique in Saipa
Company. Supply Chain Management Quarterly, 48, 12-25 (in Persian)

20. Gomes, L. F. A. M., Rangel, L. A. D., & Maranhdo, F. J. C. (2009).
Multicriteria analysis of natural gas destination in Brazil: An application of the
TODIM method. Mathematical and Computer Modelling, 50(1-2), 92-100.

21. Gunasekaran, A., Patel, C., & Tirtiroglu, E. (2001). Performance measures
and metrics in a supply chain environment. International journal of operations &
production Management, 21(1/2), 71-87

22. Gupta, H., & Barua, M. K. (2017). Supplier selection among SMEs on the
basis of their green innovation ability using BWM and fuzzy TOPSIS. Journal of
Cleaner Production, 152, 242-258.

23. Hong, P., Kwon, H. B., & Jungbae Roh, J. (2009). Implementation of
strategic green orientation in supply chain: an empirical study of manufacturing
firms. European Journal of Innovation Management, 12(4), 512-532.

24. Jafarnezhad, A., Kazemi, A., and Arab, A. (2016). Identification and
Prioritization of Supplierls] Resiliency Evaluation Criteria Based on BWM.
Industrial management Perspective, 23, 159-186 (In Persian).

25. Kahneman, D., & Tversky, A. (1979). Prospect theory: An analysis of
decision under risk. Econometrica: Journal of the econometric society, 47(2) 363-
391.

26. Kainuma, Y., & Tawara, N. (2006). A multiple attribute utility theory
approach to lean and green supply chain management. International Journal of
Production Economics, 101(1), 99-108.

27. Lee, A.H., Kang, H. Y., Hsu, C. F., & Hung, H. C. (2009). A green supplier
selection model for high-tech industry. Expert systems with applications, 36(4),
7917-7927.

28. Li, G. D., Yamaguchi, D., & Nagai, M. (2007). A grey-based decision-
making approach to the supplier selection problem. Mathematical and computer
modelling, 46(3-4), 573-581.

29. Luo, X., Wu, C., Rosenberg, D., & Barnes, D. (2009). Supplier selection in
agile supply chains: An information-processing model and an illustration. Journal of
Purchasing and Supply Management, 15(4), 249-262.

30. Maleki, M., & Cruz Machado, V. (2013). Generic Integration of Lean,
Agile, Resilient, and Green Practices in Automotive Supply Chain. Review of
International Comparative Management/Revista de Management Comparat
International, 14(2).

31. Maleki, M., Shevtshenko, E., & Cruz-Machado, V. (2013). Development of
supply chain integration model through application of analytic network process and
bayesian network. International Journal of Integrated Supply
Management, 8(1/2/3), 67-89.

32. Naylor, J. B., Naim, M. M., & Berry, D. (1999). Leagility: integrating the
lean and agile manufacturing paradigms in the total supply chain. International
Journal of production economics, 62(1), 107-118.



\re <o\)\§w,c>u)...@M&j;)@;;;ﬁﬁ@

33. Onstein, A. T., Ektesaby, M., Rezaei, J., Tavasszy, L. A., & van Damme, D.
A. (2019). Importance of factors driving firms[ldecisions on spatial distribution
structures. International Journal of Logistics Research and Applications, (In press).

34. Pakdil, F. and Leonard, K.M. (2014). Criteria for a lean organization:
Development of a lean assessment tool. International Journal of Production
Research, 52(15), 4587-4607.

35. Ponomarov, S. Y., & Holcomb, M. C. (2009). Understanding the concept of
supply chain resilience. The international journal of logistics management, 20(1),
124-143.

36. Qin, J., Liu, X., & Pedrycz, W. (2017). An extended TODIM multi-criteria
group decision making method for green supplier selection in interval type-2 fuzzy
environment. European Journal of Operational Research, 258(2), 626-638.

37. Rahimi, H., Sharifi, M., and Shahriari, M. (2017). Design of Resilience
Supply Chain (Case Study: Welfare Organization of Iran). Industrial management
Perspective, 27, 127-150 (In Persian).

38. Rajesh, R. (2018). On sustainability, resilience, and the sustainable’ resilient
supply networks. Sustainable Production and Consumption, 15, 74-88.

39. Rajesh, R., & Ravi, V. (2015). Supplier selection in resilient supply chains:
a grey relational analysis approach. Journal of Cleaner Production, 86, 343-359.

40. Rangel, L. A. D., Gomes, L. F. A. M., & Cardoso, F. P. (2011). An
application of the TODIM method to the evaluation of broadband internet
plans. Pesquisa Operacional, 31(2), 235-249.

41. Ravansetan, K., Aghajani, H., Safaei, A. and Yahyazadefar, M. (2017).
Determining and Weighting Resilience Strategies in Iran Khodro Supply Chain.
Industrial management Perspective, 25, 145-172 (In Persian).

42. Rezaei, J. (2015). Best-worst multi-criteria decision-making method.
Omega, 53, 49-57.

43. Rezaei, J. (2016). Best-worst multi-criteria decision-making method: Some
properties and a linear model. Omega, 64, 126-130.

44, Rezaei, J. (2018). Piecewise linear value functions for multi-criteria
decision-making. Expert Systems with Applications, 98, 43-56.

45. Rezaei, J., & Fallah Lajimi, H. (2019). Segmenting supplies and suppliers:
bringing together the purchasing portfolio matrix and the supplier potential
matrix. International Journal of Logistics Research and Applications, 22(4), 419-
436.

46. Rezaei, J.,, Wang, J., & Tavasszy, L. (2015). Linking supplier development
to supplier segmentation using Best Worst Method. Expert Systems with
Applications, 42(23), 9152-9164.

47. Rosic, H., Bauer, G., & Jammernegg, W. (2009). A framework for
economic and environmental sustainability and resilience of supply chains. Rapid
modelling for increasing competitiveness, 91-104.

48. Ruiz-Benitez, R., Lopez, C., & Real, J. C. (2017). Environmental benefits
of lean, green and resilient supply chain management: The case of the aerospace
sector. Journal of Cleaner Production, 167, 850-862.

49. Salimi, N., & Rezaei, J. (2018). Evaluating firms[ R&D performance using
best worst method. Evaluation and program planning, 66, 147-155.

50. Shojaei, P., Haeri, S. A. S., & Mohammadi, S. (2018). Airports evaluation
and ranking model using Taguchi loss function, best-worst method and VIKOR
technique. Journal of Air Transport Management, 68, 4-13.



VWA Sl OFF o)l (g Jln ¢ it ke It VF.

51. Torabi, S. A., Giahi, R., & Sahebjamnia, N. (2016). An enhanced risk
assessment framework for business continuity management systems. Safety science,
89, 201-218.

52. Tseng, M. L. (2011). Green supply chain management with linguistic
preferences and incomplete information. Applied Soft Computing, 11(8), 4894-4903.

53. Wang, J., Wang, J. Q., & Zhang, H. Y. (2016). A likelihood-based TODIM
approach based on multi-hesitant fuzzy linguistic information for evaluation in
logistics outsourcing. Computers & Industrial Engineering, 99, 287-299.

54. Wieland, A., & Wallenburg, C. M. (2013). The influence of relational
competencies on supply chain resilience: a relational view." International Journal of
Physical Distribution & Logistics Management, 43(4), 300-320.

55. Wyton, P. & Payne, R. (2014). Exploring the development of competence in
Lean management through action learning groups: A study of the introduction of
Lean to a facilities management function. Action Learning: Research and Practice,
11(1), 42-61.

56. Zhang, Z., & Sharifi, H. (2000). A methodology for achieving agility in
manufacturing organisations. International Journal of Operations & Production
Management, 20(4), 496-513.



Applying of Piecewise Linear Value Functions in
LARG Suppliers Ranking: Multi-Criteria
Decision Making Mixed Approach
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Abstract

In modern business environments, a competitive Supply Chain
Management is crucial to business continuity. In this context, Lean,
Agile, Resilient and Green (LARG), are advocated as the fundamental
paradigm for a competitive Supply Chain as a whole. Various
paradigms have emerged in the supply chain from the beginning, from
among which there are four paradigms lean, agile, resilient and green
that are important in supply chain performance and competitiveness,
which are referred to as the LARG supply chain. Each of these
paradigms pursues a specific mission and purpose in the supply chain.
The choice of best supplier in each supply chain is based on different
decision-making criteria, but the weight of each criteria varies
according to the supplier's priorities. The purpose of this research is to
provide a hybrid model of multi-criteria decision for selecting
suppliers in the LARG paradigms of tile and ceramic industry. In this
research, in first, supplier selection indicators are identified and then
weighted by the Best Worst Method. Subsequently, suppliers are
ranked by piecewise linear value function and multi-criteria decision-
making technique TODIM. This system can play an important role in
improving supply chain performance in effective decision making by
managers in the supplier selection process and provide results based to
reality.

Keywords: LARG Supplier Selection; Piecewise Linear Value
Functions; Best Worst Method; TODIM Method.
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