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Abstract: In undesirable facility location problem contrary to desirable location, facilities are located far from
service receiver facilities as much as possible. The problem of locating such facilities is discussed in this study.
This research is focused on the [dot in my backyard L {NIMBY) phrase.which refers to the social phenomena in
which residents are opposed to locate undesirable facilities around their houses. Examples of such facilities include
electric transmission lines and recycling centers. Due to the opposition typically encountered in constructing an
undesirable facility, the facility planner should understand the nature of the NIMBY phenomena and consider it as
a key factor in determining facility location. Because of the adverse effects of these facilities, coupled with the
uncertainty in the real world, it is estimated taking into account the potential uncertainty. This problem has been
considered in the discrete space. The mathematical model is presented and methods to deal with uncertainty and
stochastic programing problems modeling and methods used in the study are presented. According to the NP-hard
problem, Simulated Annealing suggested for solving problems in large-scale. Numerical experiments to evaluate
and validate the mathematical modeling and proposed algorithm are considered and operation of the proposed
algorithm to solve various problems with genetic algorithms available in the literature about the problem is
compared.
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Introduction: From a general point of view, it is possible to investigate locational issues in two categories of
optimal and undesirable facilities. There are many location models available for desirable facilities such as
warehouses, service centers, police stations, and more. In such instances, customers are attracted to their facilities.
Unlike desirable facilities in the location of undesirable facilities, it attempts to facilities as far away as possible
from receiving areas. Undesirable facilities, while providing essential services for the people, at the same time,
may have negative consequences for their neighborhoods. The proximity of undesirable facilities to residential
areas due to their high pollution and hazardousness, will lead to lower quality of life in these areas and increase the
health risk for residents of these areas. This type of problem is formulated in order to minimize the adverse effects
of a new facility on existing facilities. Given that the degree of pollution from this facility in the real world is
associated with uncertainty, in this paper, the mathematical model for the problem of locating undesirable facilities
with uncertainty in degree of pollution parameters is presented. Also, the history of the problem of locating
facilities in stochastic conditions and undesirable facilities has been presented. In the following, considering the
mathematical model in a deterministic and stochastic manner, the proposed algorithm structure is described.

Materials and Methods: The problem of locating the undesirable facilities discussed in this paper is based on the
article that focuses on the purpose of the term (not in my backyard). This refers to social phenomena in which
residents oppose the placement of undesirable facilities around their homes. Considering the opposition to the
creation of undesirable facilities, the facility planner must understand the nature of the NIMBY phenomenona and
consider it as a key factor in determining the location of the facility. In this research, the NIMBY phenomenona is
directly discussed through the structure of the objective function. The purpose function structure allows the
residents to speak of the fact that the hosts hosting these facilities are those who are absorbing environmental costs,
while other regions enjoy the benefits of this facility.
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1- First, uncertainty in the degree of pollution is considered and different scenarios are considered for it and
the problem will be solved.
2- According to the mathematical model presented in stochastic mode, the problem is solved for each

individual scenario and finally, three scenarios are compared and the objective hope of the target function is
obtained for all scenarios. We considered the scenarios based on the degree of difference between these two
parameters, which are as follows: The scenario (1): The degree of main contamination (a) 100 times the marginal
contamination (b) Scenario (2): both change in close proximity. Scenario (3): The degree of main contamination
(a) is 10 times the marginal contamination level (b)

3- Because of the NP-hardness of the nature of the problem studied, it is proposed to solve it in large
dimensions for the large-scale simulation of Simulated annealing algorithm. A Heuristic method has been used to
generate the initial answer to this question. The method of transfer from a solution to its neighboring solution is
characterized by a known key factor called the neighborhood structure. Here, four operators for generating
neighboring solutions are used in the Simulated annealing algorithm.

Results and Discussion: The problem in small and medium sizes in all experimental samples of the Metaheuristic-
algorithm has been reached to the optimal solution of the problem Cplex solving software. Due to the fact that the
Cplex software was unable to solve test samples for dimensions of 1000 node and larger than this dimension of the
problem, the results of humerical tests of the problem were considered by considering 3 scenarios in each sample.
Sixteen types of problem in large dimensions are solved with genetic and Simulated annealing meta-heuristic
algorithms, and the stopping time of both algorithms is 1 hour. Finally, the results are compared. The genetic
algorithm is written according to Sang et al. (Sang et al., 2013). Due to the fact that it was not able to produce
feasible answers on large dimensions, the Heuristic method used in the Simulated annealing algorithm to generate
the primary solution is also used in this algorithm. In all experimental samples, the Simulated annealing algorithm
has the lowest value of the target function in comparison with the genetic algorithm.

Conclusion: In this paper, the problem of locating undesirable facilities with a focus on reducing the degree of
pollution from these facilities was studied. Considering that in the past and also in the real world, the exact amount
of this degree of pollution is uncertain, it was decided to investigate the degree of contamination resulting from this
facility in the uncertainty mode. Then, by investigating the methods of dealing with uncertainty and modeling
methods of random planning problems, the scenario method was used to consider the uncertainty in this problem
and scenarios were designed to take into account the uncertainty in degree of pollution of the facility for the points
around them. The problem was solved for various test examples in small to medium size scenarios with Cplex
exact solver software and optimal solutions were obtained. Given the complex nature of this problem, a large-scale
Simulated annealing algorithm was proposed to solve it in large dimensions and given that the space is large, it is
used to generate an initial possible response instead of producing a random solution from an Heuristic method to
produce an initial possible answer to this problem. The computational results of Optimal Optimization and
Simulated annealing Algorithms in Small and Medium Dimensions were compared. Both methods achieved the
optimal response and the difference was during solving these samples. For large dimensions, experimental samples
were used using the Simulated annealing, and genetic algorithm available in the literature were compared and the
efficiency of Simulated annealing algorithm in convergence to optimal solution and less time to solve in different
samples and scenarios has been proved.

References

Song, B. D. Morrison, J. R. Ko, Y. D. (2013). Efficient location and allocation strategies for undesirable facilities considering their
fundamental properties. Comput. Ind. Eng., 65: 475° 484.

Mirhasani, S. A. (2014). Stochastic Programming. First Edition. Amir Kabir University Publishers.



‘)L.M.)U)‘)L@; Al a)l.q..\i AA L}J»Lﬁ AK 69> AQL:LQ&)V\:J}; &:/.Jnﬂ.x.ﬂ
AR\ ZERVAKEERCIR VIR V- VA R VA SO VR

Y-\ Zu..a...o

el g Syl 3 sl g 2L OISe i

Z .
J.> V-‘Q)}ﬁ‘ 3 6)‘*”“5'“
eze\‘b‘?oue ;U,. “b‘_gjst-; L“':‘.""'LSJ?-

parisima_pakravan@yahoo.com ol ;loldes Lo Jo 5 a@lsg@w sdige 03 S pwdiga 0SSl (Al ol S )
behnamian@aut.ac.ir (0l ! Oldas s Lo 5 oK1 (les kg 05 ( gmign 0 dSCiSls (ylutils Y

ﬁ‘ Jlﬁ.dl&ﬁm;)b).} ij'l U'i‘ )J .\.‘Jl{. )‘jilw‘ Cs > ;.L.\Sg_,ﬁ\.l).} L;.]ﬂl.«ﬁ )‘ )}J g_)yh:.@_wj
QJJ'SJAJ‘((Q_AQ}_B-LL;;-JJQ))wa‘ﬂdiwdﬁl):‘w‘oﬁdoq@wJ.:..fe
Sl el Gl sl SSlges SbOKe b 0Ll sy ol 53 2350 o)L slazal slaodi
Gy 4l e el UL SThe s B JUEH bast als g ol Sl et pas il illee
ui\ ijjbwué‘f ULA‘}}: u._{\)) (o] e‘_}aﬁ Q:x]a.ér.l;b@}\:@,m: d‘i‘)\ JJL?- ;J‘)ﬂ
wﬁjb))MngLM)JMui\w‘bJMJQ))‘L;w?‘C,ﬁMrJ&J&Jf%))bM
el sl as S L js il g cpl Sl s Bl (gl S Sl s aliess ol s ol sl
;2-)2 w‘ cuﬁ‘)t.w k.)'-i‘ yﬁjld_r‘)ﬁb.l.:‘a.)m:: w;#)bj:ﬁ“)l;u}b g)"\ k_é‘))u?'\ :\2-)5 wL&‘JJ
Ju\_ﬂ J:'A)_)—’. Q_i‘JJ sl ol Bl u‘}lkﬂl.) QM dlig&ilesﬂbbj;uilqwl
u:"j)jdabk_.ﬁ.;(_g‘)_.)‘JUL)JJij_M«JLsJLﬂducgﬁﬂxbrubw‘jﬁdu&j)cmyl{')
oSl V-U,)}-Q‘ cdies 05 9 NP-hard was b .ol sis &1 andlas Jl= 55 dies 5 sddeslara
5 sl @l s Slilosl ol s sl S5 slal 3 i > gl L5 (g5lwancs
)JdJLM:&)}Q‘ JJSL@&_}CJM‘ ol w;jb)bé.)% &.)jij\)d’pli)d'lﬂ W)LI&‘
u\)loféj_?ﬁ}wiuxcwwdbﬁMQQ:\)asﬁygﬁgjjﬁjﬂ\pML}ju&

ol 0

S5 o S e 5 (lind (aalaps (osllanl EMged LO S (glae3ly

J}}M e.l.'......_r.j..riic‘



QLZMQU))L@A a)Lr...i:‘\/\ &L‘i AL a)};AQL?L&&}v\'”JJS C,\g‘x.,b/\'

PRV
seon ol DMgnd 5 llae SOl SLOKGL ks 5s 5 SLOKG Pl IS a8 )
w3 okt S (Gl She Ul Omen slle OSSOl OB sladie LS e
aly sy B8 K5 LS e Sl 0 Gt [ 0L e SLgd dadisad ol 02 )l s
e S ol OF ka1 S Vsame ¢ filos s ol 53 i sl sa 5 edS b il (e
b Pl OMgnd (6l 83 g sl e dalae jsbas b ol 51 adl g oS s SLOKG (i
535 gl Ol - U353 o arw costle OMgld O Cosllasl Mgl SLOKG s oS s
Sl ot Dlods e a5 Jb e 3 sl DV Bl AL Sl Sl sais il s bl )
oS bl cpl ol el il Wl Klaes GO Gl p v glatsly sl (San o 03 0
Cdme ol OFAT O 5 33 (658) 353 0 axlge Gble ol QLS s cdllbes b Mgud
cosllal Joged bl pa ol 3530 Ok (NIMBY) e sl bl 53 4) oMol b Ysane
U mlo (glaten sla,gS1) L Lpd axrlpe 555 Llaes OLSLe LS s b el (See 08,8 e
Jra S Gble & Cllael M gus 055 Ks 5 Llaes ol 51 gladle sled ol )8
Sl gl ot GhI1 Gble ol 53 (S5 kS Odalinnly orse dgil 035Uk 505 Sy
SUSal gy e g ollasls Sl 3 4Kl 6l (YT SOLKas 5 Sl 55 e ble sl OLSLL
5> EMged opl Sl ol (Sl h s aSul e 5l g e e b alins Sl g5 cnl 3 pd Bl 3 e
SO B oy ol e dlie nl 53 dOTAY (s ) ol Comiods Lol s el sl

el 0 & S T i ys gla el s Corladpode Lol jan o llasl g
D550 5 el 0l 0351 ollasl Mg 5 bl Ll s s Etlged Lo e Ly caslsl o
2l 0l 5 algdy oS bl anlslys 3 s e ) ol 5 alad S s sl Je oo
A3 bt gSleand Kl o, Sy oS Slle 50 5l die o g3 mls e i
STty s dies Jo 55 has ol 3,00 51 S emt Calgns ol sdal Cilises sl gy sl 3 8

sl a.,\.AT

gty Mty
Sl e ke copllasl M eus L0 5 olad Ll i s O¥gd SLOG Dbl 5 A S 55
Sl s 5o g adae b obd e 5 age Slaaiar (F o 50l (S e al B Ol 8ls s,k o w3505

ol lyl 5 5 O SLOK
5 ogh an S b s el s C,M“&Eer,\p Lyl o a8 Ll anw s gladde Wss 0 Col folse ol legns,s s



S w1553 A3 axdls (3l o sl Bslas 5 sl gl (iluang sl OS5 5 31 (ol )2 CuniBps
by )8 4 e SLOKG Bl gl Conl ombadode Ll 0 s (Slaaig Gl oS bt ol 1ol
SSes pramen Al Slug glos xS sbay dols 5 Lol wn e wle Ll 5 e ek Sl (ol Lo
Soslenr Al 3ladie dyl 3 Wsa a8 L 5 a5 Se3lul glala Loy b byl 3550 ool
ey Jl s Ol Siass D3 eed 50 0wl ge Ut Lol Suell Ol 5 Lol w0 by e slaesls
sdiolasl LIS s s 5L (V00N l) diles s Combabots Ll 50 Sl LOKG ol bedute
Ll s ogllasl olgns L0 At (ol ot osls 513 Lol &ogazms \ sl 3) axddS s
SOVl das codd gy Sldlae s il sld adllae g cul 5 Lgaess s c,“:,.laér.xp
ol s L oSl S Wl e s il S el il o sl ) slag S
5> i opl J 6l CPLEX 385 - J58le 5 05520050 Josws 55 s onl 53 oo as S 8w alies
53 355 g ealial S5 slad 3 e l5ale 5 eslinal b M 8 (laned Sl 5SS S ol

sl 0l ob)jT jbw QM u.’Lid&a BE) o.,\.&cbu‘ le.é)ts )‘ é.)wto.?- (\) d)J}-

LS.%JL«A—? QW ;;’LLU&"’ BEl a.L.::ﬁl;u‘ LSLA)[S A4S gasme -\ J)J.}

‘—":‘*]‘5(”\“ 6)[MJJA :_),iu) J> uiiﬁ) s lioslaiw e a.l;w_i)l
ool (6350 b ooy PMP 0ava & sl s Skl )
Sl 3 Gl o3 slas (555400 ot sl b (V4A0 a5 Ssbss)
Jb 5 a8 codems Lids &L
&= ¢ ) S5 50 S JF 0ave Y9
Lol bl LS‘)’ ej:.;.';A)A
ﬁ)t.w 6_/..3_)4.4[.!]1 ﬁ)l&w U:’j) Q)}\?@ﬁ»ﬁ gf‘l'ld&‘ (\‘\\/i 4/\5)\?..:')
sled sl 2 o5 SN
[Sa®] [ it N L W)
b S50l - PMP il (A foamssls 5 Sl )
e

3ol 548l

513 slaslsl i,

3las PMP il

O s 5 o)

Sla> o 5 Vs S 3l UFLP (oot Mg 5 65l
b (6 el sl Sias s S5 L OIS OAAY T sl s e )
. s L e s Dt b0 e,
Sl 353 L (5lde Co iy (VY UL 5 5l S)
BN P
st 53 paali sl S 3ltings e &L S b s LK (s ol Kes 5 Ls))

bbb sl el b die o)

(QERR AP ) oUk>)

g;,mp#géﬂjuuﬂ
ez

S B s bde -

Juu Cod g

oY LK 5 LSS

Sl a3 (655400 5

Sl s

iévu:); Jb_dlg.d FIL

‘5‘419-]433

YV VoK 5 50)

L;‘A.l;-,e.xo; O.%)Lm

SN Kl i

sla SOl salas

Sl podr

VY Mo 5 S,

Lol b st 1 ity Jdo
kb

Gl 5,81

So57 9 —u_oLLQK.A I

OV Mo 5 8y




QLZM{U))L@A a)Lr...i‘\/\ &L\i AL a)};AQL:LA&}v\'”J); g:,\g‘x.,u/i

o slasl Mg L0

ol 1) i ool 4 4l L bolKe slade 51 (6 obe 45 L5 5 Ol (VAR 0l ys 5 S5
Ly e oo alg o oS oS olKin Lol sl il Jo ascands ELgd 8l Ysome 5 LS o
a1l el San (Slatd 65,5 L bt B IS sl b balls 22U (sl s L) S L0
ol 05 S ST s edle Jle sl sttt Blos ol b bt dils oo Lokl 03 5 Jslas
° u”JJ Aol u—if"s QJJSJ':SUQ- Gda Sl u&.n o e ilass Lﬂ.;&i.)fj Lol bls B cuu_?—@)'j
Gbla 5l gllasl OMged 0352550) ol D& 3 adsl GBa U L g pb5e ol 5 L s GbLe ()l
Y\ . L. Rt . . 3 AN N
3 U’f-g""'b) 5‘5"':’6)")3)" Wﬂﬁ‘fb&@}‘f)‘bﬁ&yb @JAJJMSQMD Qﬂ)"‘t’}s)‘j:‘:o
el sdal O llasl edges L0 losl 3l glawsds (Y) Jsd s .(144Y

Syrge hmsn ol =Y Jsur

Dol 5 ek | el 5l = ors cb & ook
oA
gy (L3 - - SEoaS [ padin ) Bt (80 T s g 250
- - - RPN St |00 TS 5 s s 20
gy (sl2b - - S5 oz, s 1) b QAT id 5 5 s 5 ,25k)
- - - eSS e e O8N o5 5 SN
K g sl2 - - - s (a1 L)
il - - - S &l sl Jie —a (VaaA L 6)
oolme s - - RPN b s 029 " L 5 S a2
Wi gy (L2 Glakazrdizy Ol )3 o, S b (1488 Mg, 5 b 2ol
gy (sl2b - - Slakols JIUT/01 S 5 als b d (Yoo PolKen 5 306,9)
oolre s - - RPN st et | (Tl s s s 20l
JE v S N 33le 5 P (Yot T an 5 STy
o gy s - - lalaz o oz, S B E (Ter0 N olen 5 S5,)
gy slad - - Gldhosr iz Ol 3 o2, b (e Mol 5 5255055)
sy Sl - - lalaz o o, S B E (oo TS 5 S5,409)
- - - - ANP (TeeA Tobas 5 LS55
- - - PITHENNPY (T 7 S0
e - - S5 eS| s (PO LS 5 Sl
b
oolma ki v - - MCDM - T T Kes 5 K1)
- - - - Lls e 5 So s, 40 serme Oove Koles 5 ezl
S Gl v Vo b e e dde b, i WY oL 5 Ll s)
) 1, 5 CPLEX s Jae >
S gl v _ _ e Sl sk
SR o, S




Solwdae 5 i Ol

LS Copsme oS Sl Gl war 5l Jlaggy ol 03 eddilon Cpllasl el pLOKG Al
L OLSLe oF J3 a8 5505 elaz! slaoisy 4 o Lal f3o5n ol il 033 13 (n Dt Bl 55 4 Ml
G JUsl bl Jols Eolgnd ol 51 pladlie . lcillne Olilaals bl o llasl o Lgus ;gom
arlgn b b Cgllaal laols pl ol Jsane ) sbay 45 Wl S 5 Ay Maw «ards 3 oLk S,
sy Comle b OVl 5yasl ols 35y Csllasl DMgud e 3 S il aar gL LS s
S S Shs e 09,50 B 53 CMged e a3 @S Lile 15 0T 5 S S5 1, NIMBY
LS slgls sbs Db s § yores Ol Plus 6 aa L, ol ssluae Jbo 5wy |, NIMBY
SRIBl s e sl e S e Ol bl OMged Ol OUSLe (sl NIMBY Gy i3
s edias iy 1) o ddlaie Lol LS 5 3,8 13 O e 5s sllasl gl ST Il ke
Bgd e S Caits oddosls s 53 NIMBY s

ol = lae ogllasl OMgud anass 5 SLOG (l eslae ST (gleang (BLs dde (Rags nl 2
by o3l ol s @U B1CC WG Iy W lea.a Cdda GL? Sl ksl s Jsba NIMBY su0 .ol
b ey Slaau s o Ll GLS OOend (nl Bligs OLSLe o 550 e (o Sl I U s s
OLSLe gl o NIMBY s a3 . o 0 OMlged opl blse Sl bl b S Jl s taiS o Sl
Jeted S 2 NIMBY sy &5l 0L it sbay e D13 Cdr Joas el ol Ol e
sl e opl 5l ealizad bl st e3ls (i oollasl Jaged Hensr &5 ol olae 3 IS sy 51 b
ol o2ls xS NIMBY by &0 000l (sl jade 5 s (st wlsf ot 2hs gladus
o slasl o ges Sl i s Olime 4Kl war 5l ol 0l oslizal o s =63 s orl s ol
ol Ol b Bl s Sledlbl ccandly 55 5 axddS SVEs 3 5 s Sd ad alaS [ sbay 8l 5S> o
355 Jlasl OMges pl (So T 83 Ol 53 Coabalode B S 48 S sl (3 sy Sagll Ao
e S) 55 50 Gkl Gl el 13 5 ol ols a S 5 55 (6,6 Jle gl (YT O 5 SL)
Oljee S5l S ¢ 5 ools 13 (Cslasl EMgus) b v aug sliwie b Juols 53 0T L3 (Lols
JSe sl (SKee Al o eSS Sl ol Gamlaen gl bl Jaw ool 5l ol ST dx o
A v € gas opl 53) Cogllasl EMgud GO 5 sl sl 0350 i ol ioled (gl (6 gead (V)

el 0l osls Ol IS s adly Paw pl L bLE pas 2l s (Gl sld 5 3

AJ&MQL&,)JM
.JJ)...ZAJ.&-bo)'U%l{)))‘xbﬁj&}bli&%dﬁ@ﬁ—\
Slols Jluis Lol o S a .Ul 395 (Lawa il Lol slae S e SO s s ¢l 2) Lol glae S -Y

Syl s gdags dee Oledbl 55



QLZMQU))L@A a)Lr...i:‘\/\ &L‘i AL a)};AQL?L&&}v\'”JJS C,\g‘x.,\.a/-\

s LU o sllasl SO OIS (sl Lol slse S plas =Y

Al gllael Joged S Ll e Lo o 5 8 -t

el LA lae S IS slaws 51 2eS sdesls Sbgnd sl ST -0

dad o b eSOl gl Lol der 0 S 5 o Bls Sges

Sl kel Saill drs S opd e Dbl Qe Jrged sl O Olsisa S L o5 a sl -V
03 sl Jegms onl b 3Ll o S as ity gl sl (Soldxr s G5 ha g Lol e i
(YWY O 5 Sl) conl o ap S s

g;.w‘ (V) J}J}- Q)f,ﬂ@ g;"pl'.’.) JJVG DL oleslai! ‘_5)‘J§JLM

dis Jla - S

e 53 4, e sl bl 5 baoane dasles 8 pme =V st

be prze 5 L el clasled A
ij Lols slae S el
] Lols slao S S sl
d;; T ol oS o Bl lsls
oS slols s j 5,8 s eddesls 05 Lgus S oK oS ;3 NIMBY sy 51 ol S0 i s
7 Tt
53 By sl fens L Bl § a8 ol oS 5 NIMBY sy o iy, 3l gladl> So 01 & s
K sybodls by ]
R (s plad (sl OLSl) sllasl fogud Conds Aol ST s siome
K g el K15 e S o pllael g slaas STos
Y 0318 e S 53 a8 ol gl frged 30l S 5 b pine
xij sl J oS 55 e 4y oddiosls arass i 6,8 s Las0lS S 5 i e

M K)J:)WJJ«:A.&




il bl d s dis oL, Je
C.a-w‘ J") JJ\.A wL\N‘JJ C.a.w\ ol ealaul ‘OLL: Lﬁ-‘ PL g_)j.UﬂAL’ QW J[{UK‘ CM}A Ls‘f aS L;.«\.A
Y O s Kl

J J
minz=z a;y; + b; zxij— ¥ (V)
=1 i=1
]
Z dl]xl] Vi (Y)
,
> xy=1 vi )
=1
J
Xij < My;j vj )
i=1
Xjj = yj vj (o)
]
PRELS V)
=1
Xijyj € {0‘1} Vig )

Jotes el 51 ol ol (Sl i 4 by e st iy a5 53 Juls Ga 6 (1)
el Jog b BT 6 S s ity Sl Jols lanile (SafTirs g byse ps G 5 ol osllasl
Jleel 1) Slods plad oz gdoes ST oY) cdisteos 352 50 (slae S slins 1 mls Sl glaas s o
S LG Gogess b oS 0i) 25d esls e | feed S Ll S 16,5 0 (7)o s
4 Cond O p3kis Codpdoms pl 2(0) ASL axdls 392y hged oo 45 355 6303 e oS 3 Jeges
Mg S ST 1) 3,8 e et i ] oS il anl ol j oS s s S S
3 (b b a4 GLOKG 5 janadd eal Sl pate das (V) L )] Llg e a5 o sllaal
(YO L 5 Sl) L 5o
Ole S8 31 VU Ao 5 I sl hls e Al 35 sl Joe s 5 58 5 1 ST B s coale
s3SI (slas sazmn ol 51 33 e Sla3E Lpd e 031 &Y 4 ol Sl &S des S
3 Ok Jald W38 ol e s a 3l5m L il 55 by s s m e e T slse o5 aliars
S S Aoy 00 kel ok 5 13 TS 5 il 055508 Oiaskr sl 5 S S|
63 Biae |y iy Ao y3 8000 503 o ) 5 Kl (3158 o Do 13 4 s o JSCES 1y WU b3 Jome
Gl e JT ol 5 s e WK 05s50en dudd s abex 3l s a3 1) Sl ey 5 op S LS|
ible 55l e 0Ll 2ol gl LS 5 ol s Ol zodle r Sam Sl gl (35 e
Caanl OF (20 Vo e 51 a8 Asle b 5 ySe blie (gl b s Llods antles 35 (gla Jows 5o b Son3 3 oS



QLZMQU))L@A a)Lr...i:‘\/\ &L‘i AL a)};AQL?L&&}v\'”JJS C,\g‘x.,\.a//\

S S izl by gl Jaw kg LolKe 1l gl iass cnl o3 sddestizal 5L, e s
S el bl 5l edddslate Glasl Ol e sds0lis sl ol 43 S k5 55 5L Jie pl s U s
Csllasl g o 5513 Olgeas oS SIS a . Xpd e iy a5 balaad slasl 31 glesl Jels (sols ) son
S s Sladls (Sl irs Jald das 13 s Rie o5 oS Lol sl S gl 2pd bl

3y Sl 6 (Sl el 48 5515 sl Jrgnd oS SIS 0 Sl

Cosbidpde Lyl 3 55 (g5lede

S So i s jldie 5358 Lds aas Je o Je S i opl 3 sddanlas i Hltle wax 5L
Loodiashl ol Jhe 5 sl O Jldie p oz b ool ol 4 S 5 5 Bolas (5wl altes ol )3
Sl s ol slSss 31953 oSty o il Ol 4 altee S p g0 nl b o oS (Sl i
GBS s pemen (OTAY (e ) AS 0 0l i S el 6l 2llaal S0end A UG
Cogo s AS o Sulla Jsls e b Sl o S ek S el 3 50ke Jle b - o S
03 eddaallles At 53 Al war Sl 55 LRI el OV Sl elie SLAOKG Sl (S
AL S e A ol Jdo Ay 03 5 Lpd e b Olejan Hsbas 2l 5o Dl (s o)
GF 2 34 D LI it (nl 53 58 s b lodd (58 ol e eyl e oS 0 on s (B
ol o eddadlas Ay S ltle iceas Waalabede b oaxlye gla B, ple sl )
S s ol a sl eslimal ol Gy Sl cad gz alal Sl s (8 B 55 sl e
SV sl (51 rmen 38 s Oleden [ lasil 5 ol (Sl i ys el 53 Ol s 015 e
35 b 3l e Sl b w23 5 B s s b 5n el s cpl Sk Ol 6l Ol e oS (9005
S R CRCIU [P W PR P PV S %5 VTGV [P - PSR- SEPERS L LS S EE L
ol e s e bl cilsie gl s Jde e 3l il 3 i 5 8 V-
Db Jolo 5 e sl

el 5 ol a8 ks 0F (gl cilites gla gl 5 ST s Ol o Cosbidods Ll s
Slajea 3,8 a0 53 (alad (5aal sl D3 sl 1oy 5 La ool 00 100 S Jidsas 355 00
ol 03 s xS Jie e 5 300 sy O Ol s altes = Ll s sl Ll 810 > 5 beg sl
e pl 3ladde Gl edalive 5 oo (hg) Sl sk opl 4 5d e dies Jo Ol Rl Ssl e ol
Gy webslys ol ol = sl SO gl anis a QLS Al ol pd e eslizad bslas Sl o
5Ll ool s 0 b g sl Ol ol sl Colginn 5 e aslie ba g sl I ol sslsa,
.gw\MA}j?jgexsabh)M;J¢aduj>ﬁj¢4m;axacbhgb%¢j

] ]
minz = Z a’y? + b} foj -y ()

=1 i=1



Joted el Sl Jols Aol (Sl i s i by st i Sl i 53 ld Gda 1

Sl Joge s BLST0 S st Sl Jole il (So 018 b ps o s el sllaal
slasl 31 glosl Lol (05 0 oy st 5 LlatanS 5592 50 slae S s 31 ol S5 1 glaam s opl .o
Sl dms sy sl gl S ol Gl i ol Bolas Sl L e i ol
ol o3y Gl Bslas ol Jie 53 &S b Slen .ol Sogline Jls 5 53 opl Ol 30 (gd o iy xS
Alrzws Colgss Lloslen jaess 5 Oglladl OMend O sl sl s sl o (lsla ol

Zys = ZPSZ*S @)

SES

Y=t ()

gl a5 dals

o ol 5 o BBl Spsen sl a gl i (Bolal S s sdal) oL, e G
Slllas wax 5L T o Cows 4 Loyl LS gl Gaa iU ol el 5l el aslie gl
Sl s Ul b Lol 3 el oo iy cpl DS L oS ol Hlie e 5 OVl 3 sddplnd
s 4l Wsa emen . 035 o mes 3 SOl Gl s ol gade BT lail- 5 Lol
Vgame sl (355 53 5 Sl (Son b 5 15235 IS bl 55 ol Sl Sl oKes V= IS (5 8
a5 i pl 53 gl el e OV Led 5 0sd a8 b s She gl Sl G ws
s Ol Ol e 5 Lo 4ol was 5 s e 4 S a3 mell 55 opl Ok Gy gl S Sl
s bl Ll 2ass opl o3 (ol 03 asisl addS CVlUs 3 58 gladl- 5 Lol Sal
1l 23 b a8 Sl el a3 k5 s el g opl Dl

(D) glacsl= Ssdliz s ol Vs @) ol Sadl is s i) 65 ke

S o S s S5 3 83k 03 5o (V) (s b

Ol Ss iz s oo Ve @) ol Ss gl i s iMool

ol @) S sl
V:wjfjl Sy sl s ol J= sly cadlae Jl s Ao Coale Gy NP-hard o4 s ol 5o

sl o slgin A0 (gilwand o KNl 3

J’G‘)gﬁiw
sl ‘)LSJJ.“:J%QL{A\ LSL“J}J) J\.Jjj LS‘J" WL.A LSJV..:JS cé)&l;”;‘) U’i’)) d>-‘)19 BE] U}f w.:.w}u
ujUa»L: &.@.MS QKA w.e)fj\} 6‘f Lﬁaﬁ rLo.Sj J)‘J S>3 o;n FICI U'i‘ BL) A Mﬁ)}h Olaa



QMU})L@‘\ A)L«.i‘\/\ &L\g AL a)}JACJL:Ls&jJ?bS ;,.ix,u/h

ol el el a § L s SOy heo el U IXN Gls e ol g el iles gl g dzes LU
sde 055 pae Lledd Ol Ogllasl Lgud 58 851 3 0l Ol g oS ol slas S 0ss0Lis gl s
sde 315l sis Sl wlasl fuged 35,5513 O (5l 08 cpl 45 sl ms cpl Wl e
3253 @S Sl Sl bl el eas Sl Ol Joged (85508 O (sl oS S
sl bl Cgllasl SMgud 4 e S janas gl el edd (w16 Gl S ol b
Sl sl Vg slael Jold 5 35l e sl eSS e Sl (e Sle cpl 558 e JSSES NXN s SLe
Gl pasein (V) K5 55 45 5 5b Oles .ol 0ol 0,5 1210 (gl Clgm Sl Jioles (V) K5 5 4 se

Aol Dbl Csllasl Jgnd 53 8513 O gl VALY O glas S sl o SV ol Sls ol

\ \ . . v \ \ . v .

N=10 (sl Ol ls s il ) IS

oyl ool Mg

26 Jrol iS5 oS Co e aS el JlSS laan, S sla S 5l S sl Conar
i ) 53 550 e 2SI Gl et o Lok S b AL Coner W5 sy )08 e 3G
ki sl S st g gl sl Jeely Sk s slacle Wy s
W5 sl OBl el s ey 1l o BL SiS (Ol sLas 00508 5 Joa (izmes 050 s
ol o3 L) 5 b 4l ol

Lo S ples 5l bae S IS sl N A 5348 55k Oles 58 0 JS5 ol XN 5o S )
Aien LU Cgllasl g 38 5515 (6l

S SplS Ll n 0,8 a0 pasia U s e S Dledst plad Cassdoe e S S 6l Y
S il o) sde sl e WSS Y 5 e Sl SO e ol s ol sdas il 1 s slae S
I phe Gl v 3o 5 3pd e A3 5 e b oS () S Sl e a4 Sl
el S0 Jeges Lo S !

e S5 (05 8) Ot Gl Salgins apde Goled D pa G slasd dn o8 s Y
Ao iy slhael Ll Olgeas KI5 00,8l aS Conl slae S sl sasolis sde ol ks s

el Jeges 58 8013 O Ol o 0 8 ol g 35 g ool OF ST ol ol o 51 8
’ 2 g g2 ]

Jotes el it 5 Bl S 1 S sde o pllanl g onl s Ot 53 85 plae S el -0
S

Sy a8 dipd e S gl S b e Gl e 5 bl e sl 4 Lae S e Sl e

Lledd eals



VJJ"‘)}Q‘ (b}.l ;5@5 \ E 4.:3)‘ u,.uu..:l») Lledls o3l &lﬁ Lhojf {L‘J Jf‘ ZJ‘}JL;« O A_.d.;j; LJM’ -V
B A el 4 s nl e s sl e OLL
Baoe b e w5 asd e Slenisn el Bl bl s LS Soled A

Jﬁ§g5°g,b/\";'J‘a'fm.szujbfui‘&;‘EJJJ";’&SAV‘%Jﬁij‘JJ‘)]'xn.)‘JJ"‘(":T’..)jQ‘gﬁ.‘dlilﬁ)b

GR35

5l Vs slasl Jols s cpl dd auS &S jgb Oles bl o s 4 a1 sy b ol s
flad Cossdows sddobil Cgllasl SOgnd Sl panats il 1S3 gln pd e e Sl
Mgt ol it ) Wl S Lae S Sl eS8 5 pd e S smse sl S S sl Sleds Sl
a5l Cpthel SO @ e S aratS Gl e LS pate Sl cpl s il ollab
o 1 35 08 358 bl Callanl Joged (515 o5 5le S 58 ol 0l S5 alis (53 45 23 gdoms
b as i ln oS ple sl (e 25800 ) G le 53 608 nl e bsn G55 Gl by tdas e 2y
T e e S aw sdaobl o lasl ELgns

S ) 33 s XSO sl g 1 el g a3 iy pladt 53 08 ) i
S W5 A Sl

Sl pl by 0, o edd bl sl S0ens SIS ksl Wls e 05l e Il
Db ) sl Lgd 50 S cpla b Ll 5 2ls Sl

w5l S cpl 53 00,50 Sl Vg Sl gt sl b g3 Go b3l Wil e 0 8l e e I
Sl b e e A3l wdls g meS (Soil drns Juged plS Goibl oS cnl as iy 4
S e ) s ab s e Bl 5 S e Sl B Sl

s o polal s ey 1) e Csllasl Ol iy 5 bl (Garass e Sl s Colgss
1 ol o llaal SV 4 e S anass Jali 6 ) 50 5o O 5 Lpde t e Sle slamslys sl
Sieles Sl (V) K8 55 el o 03,51 0,8 NT6 L (510 g0d ¢ amans i, 03130l ol ol s 3 g

ol ol OJJJIA..?}A..":).}J st.a u\j}

\ A\ Y ¢ 0 1

v \ . 0 0

0 S N6l Ol il ls Y S

53l iy G bl (1) ¢ slal sy (1) 55 0wl Jagy 95 51 (V) ISKE 55 39290 Jls

V}\ 6Lhoj§coj§-\b@j&jw|)b.@‘ov\$4§}u6)tg1{\&j)j\ ob@w‘b@j‘g_.)\ﬁ-)b]g &A‘j}g U'—"



QMU})L@‘\ A)L«.i‘\/\ &L\g AL a)}JACJL:Ls&jJ?bS ;,.ix,u/\\’

e ol Bass sl 0550k lesls ol 5y 1) e 5 Wledd sl Ol g Ol 5oy
Gk 5 25m 02N 20ls s gl ledis Sl sllaal frees 3,5513 O g e S cnl oS
() S8 s S e 8 S sl oot plad 5 ) llanl gl sl edBesls w5

el READ ot S plat 5 Sl o S5 e (s bl oy 5o 2ol

0 Yo Voo Yo Yo . \K)

-\ Vi Y. \hh /\h \h v

s S N=6 gl kol s 5L -Y IS

plad Lo S led 6y R 5 ol o sle wanr sl ¥ 5 ) yllael OOed sl (7)) S5 s
ol i o Bl S e S a b slanls (1) IS8 Gl s S Sleds sty
U 5 el Oel 5y w0 5l e S e e e Lawls b 5 8 e ) Sl il eolgs
Mg S sl sl e ) sl ool edlgld 4 by e Jol k3 gy, glaal,s (8)
35y (0) JS3 3 sz e fle das s L o S Lol plod lio S a3 s e o sllasls
R

Ltes sl ol Ollasl Sl s il plad 3 &S plee S ple a5l pasiie b gua o8 )
PO g e A SY Lanass s 53 S Sl G S esysl 1 5 S Joges oS G bl
Coodsm Vg 3118 o L Y 0,8 sl o yaseiie (0) IS5 534S 54k Oles 358 0 i bae S0yl
ol 02,50 St T g Sl Wl e E e S S e ) SR ) Oge 5 T Sl Gl e 00,5
L gle S cnl b 63,80 st sl Lgad 55 8 5l Ll 0 06,8 5,8 o 15) Llie 0T 40 by s L1
ool s Bl S g ol Ledald 5 glails Sadl i ps Ol oS S e bl om Sl gl
S ) Ee T D 50 e s iy 63,13 (5 S (S3 T A3 ¥ g Giibil 353 55 sl
Al s oS e b D ) O 5 e Bhs (el ) Joged s plad 53 LS STV S e
e S en Ganasss o Sl ool 53l s 4 (1) IS 03 3 se e ile Solginn s e+ ekl
sl 0l jaseiie eddobsl O gllasl wlgus



0 —\ ] —\ . . .

'\ _\ L] L L] L] L

g}lbtgw(gub)\uaﬁ@:&ixﬁmw;&gé\ﬁw;b—iJi.:

O —\ L] —\ L] L] .

-\ _\ N . . . .

°J§OL“A)°C§(} u%b&@&}ﬂa;ﬁél‘pw dbbu:..‘zﬁ uﬂ.ij.?b—o Jg.i

y Y Y ¢ o 1
1R

\ S T RO O
YL Y | o | v e | e
Y| o« | [ I N
s | vy e
0| *» | [ R N B
| DoDDEE




QMU})L@‘\ A)L«.i‘\/\ &Lg AL a)}JACJL?LA&j.,L:bS ;,.ix,u/\i

b Ll

olaes Sl L oedsals S ole 5 b3l Of Llewn Joly a4 Joly &5l Jlinl s,
ot oslinal W5 gileand o, S s wlaan ool W5 gl Shes Sl Sl eyl 3 58 0 et
1 e (Solees lasl b ol
Jm dndy s osae 55 Caadse O3 Sralr L Sleas bl ol

93 U'i‘ g;.:a.;}»).«\,SL;c ubpq\ g_ebL..a.?‘u ‘)W}DSQ)V uﬂ\b.,\..s‘_;a J.:.Sj.; Sl J}-eb g\.b”.,blS

%

fabals Slees bl

Sy o il gae

G553 g s S e olisl Galaia ) suse 55 Soleen bl ol e sSee SKoloes Sl L
S o e gSae e 53 pl 03 1 ol und e

3 ph e bl Gslaiey yae 53 Solewn bl ol 3 I Slees sl

Cal ) Sl Sl Sl ol e ST 0 e Ol Gslate pae G e (Sleas sl

.JJ.J:JA\ n.L\.'Z:L: ’ ﬁ‘jb}idﬂ

&%ﬁj,fﬂd\s)uu
NGSW PR W AJJjT<V)J.§~:J)> oleiy V.:.wﬂ\j&)‘&;{\ (,:\i)}iﬂ RPN

Sl @l 5 o

Lols 8,5 b s b cslael e GLOKS dis 5L Jte o1 5 s Shee 5w cnl 3
3 OVY) oo sSlaigs Ll 5 5l ealanal b olgniey &)}Q‘ 5 Sl s bl s Conbdele
Glp dtan gl 4 il W it oddaShl Jie 5 4T 3555 Lo o oLs,I MATLAB (R2015b)
lalis (6355 «aml ol a5 Ll gl sl Sl i s (la el )b Sldie aSOT war 5L 5l 5o
et el G5 - IBILOG Si5le 5 b amsys 5 5,10 3505 gl 3 Jagoms Sl s e &
Lo S s e )l adad Sl 4y tcal sld > lsle s s S sl o bl s
s i ym (Sl i ys bl glp bl oS i Coale [sa) Wt o aa b Olejen gl
At o g slie 1l Wl (ol

sl 53 i @pad VY 25 pl 53l sl e3ls 20 Balal ladiped IS S ke s
i 0500 V5 o il RN (S 5 S G o nlie Gl lte 5 S S
o ld A5 Balal o Sonoalal 5s S5 5 s soleand RIS S LK Alis ol
(YY) OLen 5 Sl Wl 40 by jo ol ol sslinul dlie )l 3 o5 55 (13 o, S Lol

sl



V0 o i S0 5 oldide igalad pote Ll 13 s o llasl S OIS AL

SA .- I\ W
A 4
L aast | o vl LSES *
la < > Jo N loalols 11 an;u e
y v
Xedow mb lade dlxe
* 5u°;@w5‘ﬁ&u&&@¢ﬁ%mds;&
<« Xc Voo o yile el Caws &
L X, wlews , I>ol, adas (0,5 2) g o (Sl L o

Y v
' ° e S 00 ey S Lo sl

CRrS

v

Lyl, 5 slls glme, 5 aoa ool plais

P) Hol—as
[0,1] o v

035 03l s slagio 5 Lol Sl

solgin ;":i)ﬁ-@ ol sl -V IS

5T slaesls 4 g
(el 0350 S se Slaide At (gl alie OVl j3 add > Jlew 4 by o Oledbl a0l e 5L
5 on Sle bl Glaesls il 3V (Bls sladsal SOl D3p5 wres 3 s poees
SN w5l Grasn ool 53 L s el laen S s kS 5 Sk, e e sle!
Gt gas 5l 8l lagn, S 5 by dite S dlie 5 b3l sl g e Slosl j3 55
il ol (0) 5 (8) Ut 53 Lol W 5 6o ol 0 oalinal _dslas



QMU})L@‘\ A)L«.i‘\/\ &L\g AL a)}JACJL:Ls&jJ?bS \:Ag‘x.,u/\-\

solas glaesls slia —¢ J i

slie Laslal la 2l sl
{uf.'.@. Q"M} N Jﬁ}néuaﬁ‘}sﬂv\xﬂ
{04 A2 G K osllasl O s Slas
{drg vord R A3 plad Sl
[AREED) d uejfm:khau

s bl sl e d s elal y ladl 5 ol (ST d s Dl as Al g b sl
Sl 25 e g e S

M) glasl= Sslizs N ve @) ol Sl iz st (Vg be

IS e ey S50 5 530 03 9n e (V) sl

) slasl= Ss T im,s e @) Jol Sl dm s ((F) gl

Lo soobew 53 (S0l dm s 5ls =0 Jsu

Sl iy Sl i dals | ST s Ol s Bl La g5t
Sl el

b=() e e) az(Y e Faaes) Vst

b=(0+f++) a=(Vrr00r) ARCEIB

b=()+ ¥+ +) as(Veedeer) AR

L5 (bt o2 S el sy diss

38 NS T Gla, Sl il slie Sy s baosie (S S mlaw s e a1y dlie nl 3
Wl 0l a3ls OLS V5V s L3 T e 5 s S0 s Shee p 5e Julse il 0l ilasT o5
A SIS GlacS 5 s bdlal nl wlsss ol sl a5 Sl s Jlal (Shee 8 6l V dsd s
ks w5 L Sielesl Coson (V) ol s s 4l e w0 8 L s b Sles s
(V) ol ool s 0 Shes Sl gladlas! clie GlaaS 5 inlosl Glawses gl sslcmsa
S 35 et e S ol Slas s Jlel ST il G Jlazl ez L a1 e 5L
gt Sl i s Khee Sl ¢ gome o 350 Ol b 2 SBlesT s e

b Jole dlazl oS 5 ilies - s _ _
v.g)}ﬁl s Sas
Al Y |
Al Y ot s
A Y A S
Al Al Al e
ot Y Al e




L5 (il o580 (sl el ciliss e -V

b bole il - slane S s L
g Y |
s g or Max sub IT
0 Yo \o T0
IV A4 +/44 Alfa

SV 5N dshir 5s el gl w5l oS la bl g3lasl 5 llas ol e (6

ME el 4 Odey Sl et el ol o3l bl kg sk Ol sl Loy (2 SU 2 b
5 Spde S S5 opl ) Jeel s gl T S0le 5 il e Ll L Ve S5 e okl
058U e g il | SNRaiOS jlade op xin 45 e, pSB 51 ~daw SN Ratios Sols s ged

Ll b ool QLS (A) Jgd 53 slis gl s ss e ol

L5 ol oS sl byl ilie sl 5 La, S A i

Flos b el
Sx Lo s S 5S
i Y ¢ Y Ay Y Max sub IT
\e \ \ \ Yo Y T0
IV Y Ve Y /a9 \ Alfa
YouS 5 Y VoS 5 ) VoS5 \ Operators

bz o8 2l s 2 oL

b gp dnloma V) Al 5 sl cpl 358 e 03Ut PRD e Ls 5l e, 5801 s Shas o) 2 sl 2

PRD =

_ Algorlthm solution — Minimum solution

Minimum solution

QAY)

5 e H—f.))—ﬁ‘ Sesliad b &pel S 51 ol S b Algorithm sopution el cnl 3
el cilize > gl By 5l eslanal L 4 sl ol J> 5l ol G GU Dlie S Minimum g1y tion

Ja..»‘,:»‘,&.?,s .>Lc.3| PL) @L‘S

0> alies ¢ 5 VY (gl sad a s ol VB S b s L dies (g30e sla bl = i ol 5o
Calgiss Sl sdal 5 (g3l (513 05 81 s oS (3l Sl 3 b dan e 5 S S sl
03 e oS B Ol 0 8 Gileand o S e g 5 S S sl D3 Ll anlie mls

sl o al ‘_;.b“Laﬂ slad gad g30e @L:J A) Jsd=



QMU})L@‘\ A)L«.\i‘\/\ &L\g AL a)}JACJL;-LA&jJ?bS CA&Jg‘JA/\/\

L5 Sl 02 S oS Dl 5 53 T ste 5 S S ol 3 gl Bl Sl sl -4 J s

Yol Y sl \ 5ol i

T(s) SA T(s) Cplex T(s) SA T(s) Cplex T(s) SA T(s) Cplex R K N

A 11414 v/80 AR R 72y IANNY o/EY (AR ARYANY [ALVN2 AV IALVNA YY. 0 I

AY Yia ay Yia oA LYYYY /Y LYYYY LV/e Y FYvry YA FYIVYY | Yoo \K Ve

Vo At A VoA | YIE Y Y oAN +/0Y Y oAN VYVo/v Veiyy Y/to VogYe/Q [ Voo Y Voo
\z \ATAN Yy \AYAN YA VVWVA q VVWVA YY/ALY yY4yqn oYY yYavqn Yoo Yo Yoo
Y. AYY Y4y AYY Yo \VYeo VE/TY \VYeo YV 14A44 Yov 14A44 Yo I Yoo
Yoo VAAQ a4/\¢ VAAQ hta AYVq A AYVQ £ Yy\o ovy Yy o Yoo | Voo fon
AT ARAKSA oAl ARAKN Yoo VaYevy \F23 AEARAA" [0 YYEAL ovy YYEAO Eae | Voo Oee
£00 avii A avi Oen YYVAN AAR ARV Voo AARRK] oA YY\\o Ere | Voo e
Lo YY) ARY AYAYY e AFAN-AY Vo AFAN-AY Yo\ AAEEY:] YAVO AARLY:] 00| Voo Ve
e Vo WVA o1y VWA Orn Yoy YVYy Yoy o ovilg AAER! ovitg Tee [ Voo A
Sy EVAYE Yvo EVAYE Ave LONY Y| Vo YA £0VY Y A% AEAFARN VA0 Ve VENA [ Vo | VY Qe
Qe AT EAN AR YA Qe ARRRAA \kA% AERRNA yvi qovv 0, oYV Vao | YA ARRR)

v g g S o8 sl s b e

Sl a @l v S bl sladi sl dan 3 Sl asiie (308 s sl 1 4S5k Oles
Sbaaised Gl gl aw 3 Gda U ke flle sl ol oSN 33 > Jlsle S g
Gl Sl iy plp Ve Lol Ssdl iz )@45\ Sl 53 el s el (A) IS 55 ioles]
sl 53 5 Sl ooy g Sl 4 %S Ol 3 Sl e 5 (S S bl s ctanl sl 53
5 ol (S i) Y ol 55 el sy atgr Ol 4 28 Ol s S oS Jae g0
el (sl So iz s o Ve ol (Sadl amn) ¥ ga b 5 (Ol dals O s 53 o glacil>
sl oy &gy Sl 4 (5 2eS Olej 3 2550 SO g e gad ded 5o eSSl 3l

Olge b ot 5l il Gl 0K (Bolal (655000 0 e ] 53 andllae J- o dlies &Kol e 5L,
ol S| Cababede w5 Coeal (e 4 550 e ealial (el SleObI 55l Jaw e) EVPITT
e IS 5 Sl Dlals 5 3 5008 63100 4 B s o OLES 5 3580 oS 3 Sy oty 2l

EVPI = ZHN — Zws (\Y)

foa Olojen Jde 53 S1 a8 ol pme cnl @ sl 0581 5 byl Ga w0 Slde zyy calaly ol 3

o e Zys 355 n odeal Zyy da e 65 ($5MEs algins pd 4B S s aby e Jlenl b Lyl
s Jo sl Gl sl a5 LS diis ST aS il sme ol 4 Olares oS Gl sdalin 5 o s
s ol s adlas s odhasl odgns Lo Aius 3 .ol 2% Lslie Javsze Sldie b ol 1 Zys
g2l ke ol by 2y = Zis) Sl OLSE s 1B 53l e bl O3 paenS e
sn b el 65l ledbl O35 s a4 a5 das e OLE astls ) 035K S .ol EVPI =0

.J)‘JJ d@.?-js



Szl 5o z=b
S5 508 Ve bl gl iolesl glatiped Jom w0 538 Sl S5 5 oSl Jaes o ol 5o
Wies p 80N (Sl gad A 3 sl ¥ G:;;Jm)gpméwéu&uj@u‘wm;t,\gjd\
VoS s a8 Oles ol sl o S5 5 8 (S3leand OIS lan, S L S sl o
5 Sl) ULKes 5 Sle Wl ulul p S5 o8 Lo 4l Jol mls Solgiss ool el
B ICO P PU I - FYU PR WV PR S S VR PSSP CH I WNPTP G PR Pt SV G KR gt BV
& gas sl ol esliial a5l Olgzr A5 gl L5 (leand w3 4 35 e sl (01 )
31 sk Olea ol sdal s Jsdr U3 sl 58 sl S 0ke 5 0l Ll L Ve sl sl
L (3l s SN oiala3T (gl sad plad 3 el asiiie sdldin 5 slaslsgad 5 (6308 il Jsdr
2 3pd o S 5 W s Sopslul 53l 1 G mb e o S S5 oSG A lie s
Tt sl s el ) S s Al lae oS ol ) Oles L 5 bl e Sl S S5 w) S
S 0bes 5 Sy sl S VA T v slal s 5 el S Ol G g 3B g e S 00
5 oele ¥ S VAL slal s ol ails Y Ol CellY 5 e Sl Ol S U5 4 0B sl
oS S G el 0355 op S Ol S g Ghge el T Obes Se 53 0 S Anee ol
e 6 2 S es 5 oS S s el (5208 O3 3 g sl W5 w36 5 (gileand
EVPI sl chawgie 5 S S slal sl 45 55k Olen 35 altese 2ule3T (slad sas ples s S5 o, S
L s e 0l el ol 35 9SS 5 Wl EVPI = 0 e ls ;tmﬁs S5l Sl A osls i
Sl b Bls 5l PRD sl Lo gze lssad 3515 g 58 55558 36 ol 85053 ledlbl 0351 s
w205 612 PRD jislie el ol o3ls LS IS 53 45 55k Oles ol ol s 5 (4) IS 03 Sy

S50 1y Bl Gas s ke badipad olad 53 45 sl 4 sl ho 5 (S5l

s ol Gl w5 Sl glie 513 g5 —A IS0



QMU})L@‘\ A)L«.\i‘\/\ &L\g AL a)}JACJL;-LA&jJ?bS ;,.Ui,u/\ﬂ

Interval Plot of senariol(SA), senariol(GA), senario2(SA), ...
95% CI for the Mean
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Individual standard deviations are used to calculate the intervals.
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