EoNIKO METZOBIO NMOAYTEXNEIO

2 XOAH HAEKTPOAOIQN MHXANIKQN KAl MHXANIKQN YMOAOTIZTQN

TOMEAX HAEKTPIKQN BIOMHXANIKQN AIATAZEQN KAI ZYZTHMATQON AMOOAZEQN
EPFAZTHPIO ZYZTHMATQN AMOOAZEQN KAI AIOIKHZHX

ENOTHTA 10:¢

NAIAXEIPIZH ETEPOTENOQON METABAHTON
2THN TTOAYKPITHPIA YNOXTHPI=F
AMNOOAZEQN

MoAuxpitnploand Zvotiuata Yrootipténg Aopdaocswy, ZHMMY EMII
Xdpng Aovkag, lwdvvng Yappdg
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[AQ22IKH KAIMAKA

Mop®n: S =/{sy Si, S, -..,Spsq}, N+1 21

MNapadeiypa:

S = {s, = KaBdAou, s, = [ToAU XaunAgd, s, = XaunAo,
s; = EvOIaueoo, s, = YWNAO, s5 = [MoAU YWnAQ, sg = TéAcIO}

I310TNTA: X, <X, av Kal yévovav a<bh

Delgado M et al. (1998)
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[MPOXZETTIZEIX

Mpooéyyion MNMpoékraong: ZXETIKEG OUVAPTIOEIC OUOXETIONS TWV YAWOOIKWY OpwV.

MoAUTTAOKEG MpPAagelg. XaunAn «d1akpITdTATA» EVAAAQKTIKWV

Sn 1} ,F(R) appy(.) 9S

Mpooéyyion AirAng Avamrapaoraong: |kavi TTpoogyyion avaTtapdoTaong Kal ETTEEEPYATiag

TNG aoAPOUS TTANPOPOPIAC (5..2)

+ 2-tuple LOWA (linguistic ordered weighted average)

Herrera F, Martinez L. (2000)
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[MPO2ZEITIZH NMPOEKTAXHX

Exvodoc Eioboc,
it e o)
Tgehppey; r= . -
(P T | L E vl apara Tpewtyroy Tekmad AaorzAfopara
. ATOTE A o TNuoowsy Moo Pl

M sraflaymy
oo Zvoko S I Acogh Tevcha oo 5

» Metatpomnr aplOUNTIKWY TILWY CE Ao

, N VL L M H VH P
oLuvoAd
appa(*)
" AAyeBpKEG TTPAEeLg — ATTWAELA TTANpowoplag
F(R)
“appi() “appi).
N VL L M H VH P

Herrera F et al (2009)
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NMPOZETTIZH AINAHZ ANATTAPAZTAZHZ

0.2
| | | = | | | Al28)=|5,0.2]
0 | 2 283 4 5 6 :
{Mecdium, .25)
Nothing Verylow Low Mediu.fn,,? High  VeryHigh Perfect
N
A 8=3.25
/ \
/ \
/ \
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[MPOXZEITIZH AINMAHZ ANATTAPAZTAZHZ

o rE T rE ]
‘1'{“:I"]_:'EI]_.l:l:I"'::'[I:.l:“':l:l":-'_:a:-'_.ll_il ;Eli |'-|"_':'ﬂ-_'.| |_j'I ;;B‘ |

' -le_‘{" | x..q, _|:|-'-r__ || 251 -

M U xea L.a ) x.a |l =4 |=A =

I Z‘ 2
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2-TUPLE LOWA

m m

ECm{W;r(rg(j)/ag(j))rj - 11---1m} - A(Z WIA_I((rg(i)’ao'(i)))) = A(Z Wiﬁg(i))
1 1
* {5y Ao} < {lfogy aoph | S ] (mMpdkeirai ouciacTikd yia 1o SiIdvuoua Twv

arrodoocwv o€ diaraén amo 10 UEYAAUTELO OTO UIKPOTEPO)

o W=[wy,...,w,] €ival To diIdvuoua Twv Bapwy TTOU TTPOKUTITEl ATTO TOV

TTOOOTIKOTTOINTI TOU Yager.
Herrera F, Martinez L. (2000)

A\ 4
Y
A 4

0 03 08 «x 0 0.5 X 05 1 x
Most At least half As many as possible
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BHMATA AIAXEIPIZHXZ ETEPOTENQN
AEAOMENQN

ZUvolo BaciKwy
YAWOGIKWY OpwVv

Opoyevoroinon UeTAPANTWY
-OAgg ot TiEG ekppalovtal o€ KAipaka F(St)-

ZuvdBpoion

MeTaoXnuatio oG o€ Lop®n

Unification 2-tuples

[0.1] _} F(St)

Aggregation Transformation

S F(St)
* I F{St]l . {Sr-ﬂ]l

Interval s F(St)

Herrera F, Martinez L, Sanchez PJ (2005)
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OPIZMOx~ KAIMAKAX

KAluooror a€évwy x-y: 0-1
To eVpog TWV TPLYWVWY a§loAdynong e§aptdtatland tnv KAlpaka Bdong. MNa 7-fdOuia
KA{LOKOL TT.X. TTPOKUTTTEL:

S={N, VL, L, M, H, VH, P}, 6mrou:

P = Perfect = (.83, 1, 1)
H = High = (.5, .67, .83)
L =Low = (.17, .33, .5)

VH = Very_High = (.67, .83, 1)
M = Medium = (.33, .5, .67)
VL = Very Low = (0, .17, .33)

N = None = (0, 0, .17)

o 0.17 0.33 os 0.67 083 1
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OPIZMOx~ KAIMAKAX

" OLMAwooKeEG MeTABANTEG SLAPEPOLY ATTO TIG APLOUNTIKEG SLOTL OL TUULEG
Toug Ogv elval apOuolaAAdd Aggeg ] wpaocelg (Zadeh 1975)

" OplCovtalwg Eva cUVOAO YAWGTIKWY Spwv

ZuvapTnon ZUGYETIONG

S ={so, S1,...., Sk}

S b
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>TAAIO OMOTENONOIHZHZ METABAHTQN (1/7)

ApLOpPNTIKEG TIMEG (1/2)

e € [0,1]

Tus,: [0,1] - F(S;),

TNST [H] {[S{]J Tﬂ { ’ Tg :]}J Si_ = 51‘ Eﬂ'd TE. = [ull]l

Qewpila | —

0 if 6 & support (#,,. (x})J
g —a;

TI::.F‘SI-(H]':‘ b — 4
1@&-535&'5

c; — @

ifa, <8 <h,

ifd,<8<c

LTy

Herrera F, Martinez L, Sanchez PJ (2005)
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>TAAIO OMOTENONOIHZHZ METABAHTQN (2/7)

ApLOPNTIKEG TIMEG (2/2)

Ty} 0.78 e 7 BaOpa KAipoka :

c,—0 _ 0.83-0.78 _ 0.05

= = = =0.32
Ve = a4, T 083-067  0.16

Herrera F, Martinez L, Sanchez PJ, (2005)

Omtikomoinon
s0 sl s2 s3 s4 s5 s6
Jk # . . AN . ,
y . - , .
- e p Y <
A, " o S,
/ - ™~ .,
S ’ ra
o N . =

N 7 L X H vH P

Tnse (()_78): (s0,0) (s1,0) (s2,0) | (s3,0) | (s4,0.32) | (s5,0.68) (s6,0)
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TAAIO OMOTENONOIHZHX METABAHTQN (3/7)

Mwoolkég MetaBANTEG (1/2)
 LetS = {Iﬂ IF} and 5 = {sﬂ ...SH},g = p

Qewpla —

Tss, (l) = {(Sk: Yi)/k € {0, ...,g}} vI; €S,

— ¥k = maxmin{u ;(y), us ()},

Herrera F, Martinez L, Sanchez PJ (2005)
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TAAIO OMOTENONOIHZHX METABAHTQN (4/7)

Mwoolkég MetaBANTEG (2/2)

OTtikomoinon Exppaldoupe tn Aektik Ty L 5 BaOpLog KAipoko
o€ 7BaOpua:
sO s1 s2 s3 s4 S5 s6
\ A A A Yo = maxmin(0,0.39) = 0.39
ll'm / é% 1% I-'- J-'" \ ll".,' .-"'lr Y ."'ll
WFAVARYAR \ / \/ ¥ = maxmin(0,0.85) = 0.85
ll".:l:ln" L "-I:|:,|'II - . \/ ".:E'I \ ('I - I"x'
W J " A 1 My _ . _
/% / \H %\ A / \ [\ Yo, = maxmin(0.85,0) = 0.85
f N / \ £\ foo I,-"' \ {0\
! " ! ! i w) i Y f v S Y .
| \ / \ /N \ / \ / \ ¥3 = maxmin(0.39,0) = 0.39
o \/ Y, \/ Y \

TNSt (L) = {(50; 039)) (51; 085)) (52! 085)7 (5310'39)r (54! 0)1(55'0)7 (561 O)}
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>TAAIO OMOTENONOIHZHZ METABAHTQN (5/7)

>

L

» - @

p—_

S

S

5 Labels o
Unification Computational phase Results
(Traslation) (Manipulation) (Retranslation)
Unlflcat]on team set TS . T T x (F( ST) )

3 Labels

7 Labels @

T, ={(5,0.39). (5,0.75).(5,0.75),(5,0.39),
(5,0.0), (5,00) (5,00)}

:

$s, = = = 'S8,

F(S,)

(5,,0)

L. Martinez, F. Herrera/Information Sciences 207 (2012) 1-18
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TAAIO OMOTENONOIHZHX METABAHTQN (6/7)

TipEg oe draoTrpata (1/2)

I= E,i ,an interval valued

0if 6 <i,
m&n={1ﬁ££ﬂﬂi T
0ifi<@,

Qewpla

Tpgpid = F(5:),

715, (D) = {(Sk,}';'()/k € {0, ...,g}}, i

v = maxy min{u, 6, 15, G}

Herrera F, Martinez L, Sanchez PJ (2005)
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TAAIO OMOTENONOIHZHX METABAHTQN (7/7)

Tipég oe SraoTnpota (2/2)

Mo to idlo dtaotnua o€ 7 BaOpia KApOKO T(POKUTITEL:

¥+ = maxmin(0.8,0) = 0.8

¥s = maxmin(0.4,1,0.8) =1

Ye = maxmin(0,0.4) = 0.4

Omtikomrolnon

s5 s6

Tis(0.7,0.9)=  (s0,0)

(s1,0)

(s2,0)

(s3,0)

(s4,0.8)

(s5,1)

(s6,0.4)

MoAukpitnplaka Xuotiuata YrootipiEng Ato@acewy (MZYA) - Etepoyeveic MeTafAnTég




STAAIO SYNAGPOIZHE (1/2)

FUZZV Set: FST = [(50, }’0), (Sl,}’l), o) (Sg, }’g)] ) Si € ST and Yi € [0, 1]

Let us consider n Fuzzy sets, with g terms :

F1 = {(So,xo), (slixl)' e (Sg, xg)}
F, = {(Sod’o)' (51, Y1) o (sg'yg)}

F,= {(So; zy),(51,21), ..., (sg'zg)}

Aggregation

xO+y0+"'+Z0 X1'|'y1+"‘+Z1 xg+yg+"'+lg
= e I e

Herrera F, Martinez L, Sanchez PJ (2005)
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STAAIO SYNAGPOIZHE (2/2)

X+ Yyt 412
203

It

= (%4 (v,08
- )3! ;3

0.8

1yt

It

0.4
3

b
o

XYyt

0.32+ 0.8

)
)

0.68+1
3

0.4

)

)

= {(N,0.13), (VL,0.27), (L,0.27), (M, 0.13) , (H,0.37) , (VH, 0.56), (P, 0.13)}

Variables for sdfs

0 0 0 032 (068 |0
08 08 04 0 0 0

0 0 0 08 1 04
027 027 |013 | 037 (056 |013

num

N ~ N AN AN A
\// N N \K/ \< \\/
N N

SN NN NS 7N

N VL L p.i o H _?ﬂ‘—H

15

N ~ N AN AN A
9 VAVAVYVAY
P }(\ />< /,( X

e W N\ N

N VL L p.i o H VH

Int3
2 N N AN\ 4 ™
VIRV ENVE V
2NN Y% : o\
N N NS N
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METAZXHMATIZMOX ZE 2-TUPLE (1/2)

Avamapdotoon

X F{:ET} —* [ﬂ,g],

E‘E.i_n | * .
I{F{ET}] - I{{{Sj,fi]:f =0,1, ...,g}] = _"Eg d T_T — B
4 (x{r(ﬂ}]) = A(B) = (s,a)

A 5; ,i = round(f)
d{:ﬁ} i {ﬂ_f =b—i,a E [—[]5,= DE]
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METAZXHMATIZMOX ZE 2-TUPLE (2/2)

= {(N,0.13),(VL,0.27), (L, 0.27),(M, 0.13), (H,0.37), (VH, 0.56), (P, 0.13)}

_0%0.134+1%0.274+2%0.274+3%0.13+4*0.37+5*0.56+6*0.13  6.26

=— = 3.37
0.13+0.27+4+0.27+4+0.13+0.37+0.56+0.13 1.86

=(M,0.37)

Example )

. . o - - . - -
i i .. N 4d il = i 5 i T i i
0.2 0.3 0. 0.5 0. 0.7 0.8 0.9

| N —VL —L—M—H —VH —P —Exsﬂ":e]
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NEO NMAPAAEITMA

>UyKpLon pe evaAlaktikig 2: §0.6, M, 0.5-0.7)

TNSt (06) = {(SOJ 0)’ (5110)7 (52; O)’ (531 0-4)7 (54;0'6)’(55r 0)7 (561 0)}

TNSt (M) = {(SOJ 0)) (51; 02)7 (SZI 06)) (53, 1)7 (54! 0'6)7(551 02)) (561 0)}

TNSt (05 - 07) = {(SOI 0)) (Sll 0)7 (521 0)) (53) 1)’ (541 1)7(551 02)7 (561 0)}

Fogg = {(N,0),(VL,0.07),(L,0.2),(M,0.8), (H,0.73) , (VH, 0.13), (P, 0)}

Best solution: Evadioxtiag 1

_0%0+1%0.074+2+0.24+-3%0.8+4+0.734+5%0.13+6+0 6.44

=—— = 3.34
0+0.07+0.2+0.8+0.7340.13+0 1.93

=(M,0.34)

Izmarval
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MIAOTIKH EOAPMOTH (1/4)

Al

MoAN 1

A2

M6An 2

A3

M6An 3

1. Strategy
y Degree of ambition
CO2reduction target in municipal buildings till 2020
114 (Num)
Energy consumption reduction target in municipal
11.2 buildings till 2020 (Num)
Renewable energy sources in the final use target in
11.3 municipal buildings till 2020 (Int)
N Efficiency at fulfilling targets
Medium term results for CO2 reduction in Municipal
1.2.1 Buildings (Num)
Medium term results for energy consumption
1.2.2 reduction in Municipal Buildings (Num)
Medium term results for renewable energy sources
12.3 in the final use in Municipal Buildings (Num)
Energy economy and programming
1.3
Money saved from spending on energy (gas,
134 petroleum and electricity) in Municipal Buildings
(Int)
Level of switching energy providers (electricity/gas)
132 (Ling)
Funds devoted for renewable energy sources &
153 energy efficiency (Int)

Papastamatiou, Doukas, Spiltios, Psarras. “‘How "OPTIMUS" is a city in terms of energy optimization? e-SCEAF’,
Information Fusion, 29, pp 149-161, 2016

2. Energy Profile

2.1

2.2

2.3

Energy consumption intensity

2141

2.1.2

21.3

Energy consumption in municipal buildings per
capita (Num)

Reduction of percentage of gas/petroleum in
energy mix (Num)

Reduction of percentage of electricity in energy
mix (Num)

Energy production via Renewable technology

2.241

RES production intensity raise (Num)

Sustainability

2.3.1

2.3.2

233

Ability of storing energy produced (themal
storage, electrical storage) (Int)

Cogenerating Heat and Power (Int)

Exploitation of weather conditions to optimize
energy performance in municipal buildings (Ling)

3.Related Infrastructures - Energy and ICT
Level of integration of automations, Smart Meters and
ICT solutions in Municipal Buildings

3.1

3.2

33

3441

Monitoring Systems and BEMS (Ling)

Forecasting systems

3.21

Forecasting systems (Ling)

Exploitation of Social media

3.34

Municipal Buldings surveillance strategies(Ling)

MoAukpitnplaka Xuotiuata YrootipiEng Ato@acewy (MZYA) - Etepoyeveic MeTafAnTég



MIAOTIKH EOAPMOTH (2/4)

Solutions
sorted according to their 2Tupples

.
o e

2

!.B'Jl'

W

Best solution: City 3

N\EKTIKOG OpOC ApOUNTIKAG 6pog
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MIAOTIKH EOAPMOTH (3/4)

MpoBAnpa: AELOAOGYNON EVEPYELAKOU TTPOPIA

JUYKEVTPWTIKEG TIHEG EVOAAAKTIKWVY Omtikomoinon petafAnTwv

EvaAAlaktiki 1-Mo6An 1

123
03 |02 |0 0 0 0
07 |0 ] 0 0 0
008 |1 |01 |o o o , \
038 (0 o (o |o o EvaAlakTikn 3 = MoAn 3
036 |0 0 i : .
08 |0 0 (] 0 0 . >
092 (006 |0 - \1,3“ z = - e ®
072 |0 0 0 0 0
072 |0 ] 131
D26 (082 |0 0 0 0
0 0 0.4
048 |0 0 0 0 0
0 0 0.76 :
042 |0 0 0 0 0 \
045 | 014 |014 :
078 [0 o (o [0 o ya ‘ 5 /
EvaAAakTikn 2 — MOAn 2 066 |0 o |0 o o A \ -
02 |06 |1 05 |02 |0 X & N,‘l - B H VH
058 | 032 =
0 03 |o0s2 |o 0 0 132
004 |03 |0
049 |02 |02 007 |002 |0
0 0.3 U— . =
046 (054 (0 |0 |o o |o N N, ,> P
0.52 | 048 |0 0 0 0 ] X X X
03z |os8 |0 |o o o : Z .
s : o —
022 |09 |0 0 0 0 0 N Vi L M H VH R
0.2 |06 |1 05 (02 |0 H
0 ] R 008 |0
ol 014 (046 021 (023 |0a8 [003 |0
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MIAOTIKH EOAPMOTH (4/4)

Solutions
sorted sccording t0 their 2Tupples

§ oy
- o

L 25

Strategy

%,

Best solution: City 2

Solutions
sorted according to their JTupples

Energy Profile

Best solution: City 3

City 1
[ city2
[ citys

B cuy!

0.44

0.02

011

Solutions
sorted according to their XTupples

Best solution: City 2

Energy and ICT

A

Solutions
sorted according to their JTupples

Ly
[

Total Solution

@0
5

Best solution: City 2

[ ciy!
[ ciy2
City 3

L 045
L 0.22
L 0.14
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