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Extended Abstract

Abstract

The main aim of this research is to obtain the optimal bidding and offering
curves of electricity generation company (GenCo) to determine the price and
the amount of power for offering in day-ahead electricity market based on a
step-wise offering approach to maximize the profit. The proposed model has
two sections; in the first section, a method is suggested to obtain step-wise price
bids, and in the second part, different amounts of offering power for each
bidding price to electricity market is determined by modeling a self-scheduling
problem. The robust optimization method investigates the effect of market price
uncertainty on the optimal profit, in order to reduce the sensitivity of the
optimal result to the deviation of uncertain parameter. This paper proposes a
robust optimization approach by applying fuzzy methods to achieve the optimal
self-scheduling solution. The robust mixed-integer linear programing model is
formulated in a robust manner against different levels of the electricity price
uncertainty. Finally, sensitivity analysis is used to validate and evaluate the
performance of the proposed model under different uncertainty situation and the
resistance of the model in variations of uncertain parameter is illustrates the
robustness of model.

Introduction

In a competitive market environment, a GenCo, attempt to acquire an optimal
bidding strategy in a secure way, which hedged against any realization of the
electricity prices deviation. The uncertainty associated with the electricity
market prices is modeled via the fuzzy forecasted value to be used for solving
self-scheduling problem and offering to electricity market. The self-scheduling
of a GenCo is a complex optimization problem. The first aspect of this
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complexity is the necessity to encounter all equality and inequality constraints
of the generating units such as minimum on/off duration, generation capacity
limits, ramping up/down limits of generating units. The second aspect is
electricity market price uncertainty and its volatility which affects the optimal
result. This paper proposes a robust optimization framework to optimize self-
scheduling and bidding strategy to electricity market considering pay-as-bid
pricing mechanism, which enables the GenCo to make robust decisions and to
schedule the power generation of units against the uncertain energy price.

Case study

To evaluate effectiveness of the proposed robust optimization model, it is
employed on the gas-fired thermal generation units with Siemens V94.2
turbines.

Materials and Methods

To propose a robust self-scheduling technique, a mathematical modeling
approach is applied by using a mixed-integer linear programming problem
considering fuzzy price uncertainty, which is implemented in Lingo software
for a case study of thermal generation unit to investigate the efficiency of the
proposed model. Fuzzy possibility and necessity techniques are used for robust
optimization modeling to solve self-scheduling problem and offering strategy to
electricity market. Robust optimization approach is a form of risk management
methods that has a low computing volume comparing to other methods such as
stochastic programming and nonlinear methods to address data uncertainty in
mathematical programming model.

Discussion and Results

In this paper the construction of hourly offer curves is designed based on a
robust approach and the price forecast are obtained by fuzzy concepts. The
robust methods can deal with uncertainty of market price is more desirable
rather than deterministic and stochastic methods. In deterministic methods price
uncertainty can’t be considered and in stochastic methods the probability of the
uncertain parameters needs to be determined which is a difficult job.

In the proposed method, step-wised price bids are generated by a fuzzy measure
based on possibility and necessity technique. The proposed method enables
decision makers to adjust their desired level of robustness by fuzzy measure
confidence adjustment parameter () and to arrange bidding price from lower
risk and upper acceptance level to higher risk and lower acceptance level. Also
in the self-scheduling model, a fuzzy credibility technique is introduced to deal
with fuzzy constraint. This technique empowers decision makers to adjust the
level of conservatism and fuzzy constraint satisfaction based on their risk
aversion or risk seeking manner. Since robustness level is antithetical to profit
values, a higher degree of conservatism or robustness, leads to the lower values
of profit. The proposed model lets decision makers to choose optimal bidding
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strategy by adjusting the robustness level according to their risk aversion level.
If decision makers want the greater profit values, they should adjust lower
robustness level, but if they want to be resistant to the risk of bidding rejection
in electricity market, they must intend the higher degrees of conservatism and
robustness.

Conclusion

In this paper the sensitivity of a GenCo’s profit to the level of market price
uncertainty is investigated. In this regard, a robust approach is proposed by
applying fuzzy possibility and necessity measure to deal with uncertainty which
enables decision makers to adjust their desired risk level. In addition, sensitivity
analysis is used to validate and evaluate the performance of the proposed model
and a simulation method is applied to indicates the robustness of model. By
comparing the results of the robust model and the deterministic model, it can be
concluded the solution of the proposed model is more robust dealing with
variations of price uncertainty. As results indicate, the risk aversion decision
makers should adjust higher robust level to hedge themselves from the risk of
rejection in electricity market and risk seeker decision makers should adjust
lower robustness to gain higher profit. Accordingly, the proposed approach is
suitable for both risk averse and risk seeker decision makers participating in
pay-as-bid electricity market.

Keywords: bidding strategy, self-scheduling, electricity market, uncertainty,
fuzzy possibility & necessity, robust optimization

Article Type: Research Avrticle

Cite this article: Khaji, M., Amiri, M., & Taghavifard, M.T. (2023). A Robust Optimization
Approach to Bidding Strategy for Generation Companies in Electricity Competitive Market
Using Fuzzy Possibility and Necessity Theory. Public Management Researches, 15 (58), 119-
148. (In Persian)

DOI:10.22111/JMR.2022.41039.5690
Received: 22 Dec. 2021 Revised: 08 Jun. 2022  Accepted: 18 Oct. 2022
© The Author(s). Publisher: University of Sistan and Baluchestan




39 G99 OWS 0 g3 (DO lgiuiny Ao 43 gl (58 553 g 5 41 !
SHB Gl g ol 1 sl ylro by (B, 4150

Yoo ooz Y s S
39 (S9i A oo — (5 ol B9 — (21 g e
.olﬁl ‘u‘)ﬁ‘ “SaL..IaLJa aadle oKisls « ‘_g)L.xeL..;- 9 <o pde oaSisls Lg).'LS.) & i O
Ql).\l ‘u|)@ s‘ssLJaLJo adle oKils “5)L).3L~.> 9 e pde saSiisls Co pde 09))’ ‘aLoJ st ¢J5,L.«.c [ VoW Y
amiri@atu.ac.ir
Olpl eyl (olblds dadle olRiils «(g sl g o o 0aSiils Cy o 09,5 plas sl .Y
WS>

e (S9SN (6551 ouiiSud gl (Roslpdudioy A S5 |yl Guand jaliio & (Juw Wl bel o
Caond Jolds (551 il oyl ool ouls &1yl dgm gilwdiadiy ok 4 Gy (B 1L o CI M
O Glp gy il ablico Gyl @ adye BB (SO G50 e 9 g (goleiion
a adpe JB (SOl 655 At ddgi (6350l Joo e g ol Al S @ jge 4 S
b Cwoud coxbad poc pmlp )0 Hlaiwl Jow (530 o SoS L yidgh ol 5o Cawl oul (B o 5L
SO Djyguo & AS o0 ‘:ob) Sl (B9 0559, Wl ouls &l 41 (g gl o POU-TA Nt
oo (g5lw ool ()l Gy g S 535 2 oo Sl 9 oo Al e dae lalise (63,40l
8,8 58 ol 050 (5 3he A 3 Combus Judoi U395 b ouid &y Jute 5 ,Shas 5yl .ol
30 Lol s 0 Lds 1) 095 (5 lgsm] Wl laylwg Gl)) @ Cwond b saaly a5 ol cols Lis 9
20 o s b (oo B gy A 4 gud Ceod il Sllwgi Ay S (5lgil YL glaal
it Sanng y b ol pod il Sguw JYL glaaly 50 g poS Sy b olpod oS dgu yomly slaal
9 P S BS Al & Sod Joml bl bl g (BO0kdliay 950015 Seb oo Gixo
Dl o0 dmogl p iy Sy S adgi 4 JYL glaaly bl (ROSLiny

NEUELY SRS TR < | P % I 51 S CRP N LYK YT COWPR YK PRSPy < JCI I J-R W L= TY 3 1Y
S8 el g Sl

sl (F B 93 00 @l (655 Alus) 5l B dllio

oS adgr poolpiing alies 4y lginl (60 ,Sos, BLL(VF)) &5 demme 03 (5585 t3gaio (S ol (B0 e o > 1Ll
CVVAVEA (OO o esas Sy pete sloiagyy w536 oSl 5 al3ll sl loas b ol 5L 5o e

VENCVIVE iy dy g6 VENYNA g g yb AAERVARYER - PRR W TRy

DOI:10.22111/JMR.2022.41039.5690 pgh ol 1o £45

O © ge > bzl 5 s olSils 2 500



VP piided g oliy 0 kot 3l JUw o rogal Cor prko s lB it 1 \YY

doddo
g Sl 00 SETAVYAY Jlo 5 G (0B, JhL (>l 5 et [bsle wpass ol 5o
Solly s silwgogar ol giluesly (1B, slalil JKal 5l (S p 095 b
FSon ezee 5 2o 0je> )3 pogad iSu IS hlerw & §i585 5 3529
oy 1 o ygax lp B oSl e 5l Giaelp g0 g 1L cpl Caenl ol
Cd iy Jo5 Coldy Jhl o 4 5 G o JLE Ll wasd 5l s 30 s e ]
5 OEaESasse G ol Gob 3l ead (S B, i 0 4K 4 eaged
Mardani, ) g oo 45 5L dhgud Coond )] 0 a5 098 o Gputd Soaite B 0S LoLS
3 i sl S 5 sle,lsL o . (Fatemi Ardestani, Ghazizadeh., 2018: 18-21

.(Nazemi.,2015: 2

e oy bl Bl ol o 03 adsi 655 eyt lp G QB S ads
S Gl gyaelp a pladl og> B, sloguiailys 51 385 Dbl uizren 5 LS,
Obs 2 @oleiiny o wijls ol sla S 5 ik 5l a8 Sls L g anled 5l 5o
2o el el g)0nl 5w Wl ean] el (sl 1) 095 sadls 5]
losleiin (RB, L cnl 5o cwl G GBS ag 65 e Al (n ks A
oslal 5l s sleolprin 9 4L 0 Coddge pAs 4 ke CeaByl ol 5l s
Aien, Rashidinejad, & Fotuhi-) 55,5 oo a3, Cewd 3l dguw 4 e Caadylj)]
.(Firuzabad., 2015
2 @lpiin @5l SO s a4 b & pBasS oy §p (0B, L e )0
555, il 5o T 51 a5 0SSl aglie (o3l yel b aidgS o Sl St Sgus
S cdadlors ol Bhowe Jade g 0ud gu i lae o Coahad pue albld 5l ddo
Wl 2 &5 Sl otz g Couw diie SO S ol 5l eyl pogs At (ol Lo
5 Sl JIE AL cwad aS else o0 5 sudy wxly ilate 5 (B slausgass

sla oy wb oS adgs gy cpl 5hams |8 a5 ae 1y 090 oo ol Glegs GiolEl a4 e



\YY e 3 By 0T Ay Bl Ao 4 ,lgiwl 58,509, 1,

Vatani, Chowdhury, ) aes 13 asae |, caslad sae pl a5 oS 36! |, (g 5lwag
el )b b agzlse jo oolatwl 0,50 sl ,Ssg, (Dehghan, & Amjady., 2018:.1
Silodae 5 s g3l Jutn Jols Logas 35,5 550 (slaingly 5o Cupnbad poc
] 00gs )‘9......:‘
HE3, conl p3Y Bolas (gileaigy sloJow 5l eolatul jolaie 4y aSyl 4y a9 b
3 olsebl Jgax Ll gl 005 o, Jaiz! ajs8 all G SoS 4 Condad poe Lole
22 b aimen 09 ablys (5)lem0 I 0 cuns sl @b ] s, 5l beosls asi]
sl e Gae 1 L Ol (slas wilgs co alins g5yl Joo j0 o598
P ol 85 WS s ot (sl s S 4 |y Al 5 005 g5 s
s WS 4 4>y L .@alilvand Nejad, Shafaei, & Shahriari,. 2016: 62)
oslawl a4y 059> oyl Gladze Bl sla Lo o ¢ Bolar giluaiys sla g, o swls
Oy e sl il age ) lead bleie Jlsial (gileaigy oo S,
9 3lnee dinte Dz p Cumbd pae Sall Sl pwyp 4 a5 Sl Sy o e
aolp 0 Cos a5 Sl Coalad pae el 4 dg Olsr Canles zalS o] Gua

Nojavan, ) el )52 2 55 Fgo Sloz 5 yeS (Slewloe (Sauzms I (Solai )
. Nourollahi, Pashaei-Didani, & Zare ., 2019 : 6

3l s ooged p g s (0l b e sl tegy silesd Saa b ol allis

lie dlae ol o sl oals &l Gl 5o L Glels b caslie Guizs slasd>
ooliial b b oyl slp 3 QB A g e slags il il Sl Caz (55,40l pog>
L aglye Cuz Ol 5 plill pealie 5 (51 6,95 2 4SS L sl (giloannge 9,505,
2B lalil 5o Cuabd pae Jale (p fage Glgie 4 gl Ceod Sl )l Coxlad puas
oasSade eoolpiinn il i Jow cpl Gl 5 Gas csl ouls g3le Joe 55
SlaeS 4 00gs golpiinn adgi polie g Ceod Jold olpring wlal 5 CSloyy plla o



VP piided g oliy 0 kot 3l JUw o rogal Cor prko s lB it 1 \Y¥

boe g o3ged il Cualad pae Jolge plp )0 eaiSudy 5l Slewea (pl &5
255l pald G By sla il o eS8 Gl ) 550!
e Jo coolprin Jow s «Slodl jome slajidu Juls alie opl aslsl o
Ao syl cwyp o lail Olool jpe isn ;o Bl 0 6T Aol 5 Cou (gdae
1B aol jo g eal asls, SO S (655 canSady slp eooleiiny
G Sl 0l jgpe cwyy 390 aliee b Sy ai8)S D90 Lhagh slac]ls
sloaly (s S by, st a5 50 45 00y a8 g0 Jeld golpiian Jow s
5 b ryaelpses Jow pgo p5 o O bl 5 g oo &l solpriny Cwold
Sy slrosls sl oolaiul b aliws 5l slaiges cgoae Jlo (idu jo el ool g il
oad (s3lwosly VA (555 5 Sl 5l ekl b g oud siledae olal G it

SrSamds g Sou A ) ol sl Sou g Giod sladidl i ol )0 Sl

e 0 |

G a9 61 ©92,l

(W dlpe Jolis (Sl (65580 sosSadgs sl (poolpidn alins (g5l o
et slaaly Sl (g a0l pog> alae (s3luoe (@ Gl agud Ceand Goss
olge S5 5550 G ik p Sl S0l el (5
I3l A g’ Canud (o (A
ol abaod Jolss ©jy908 (o9 0035 BB 28 e pla Sy o 4 (So S 655
Y gy 5 9b5 Sl Jolye @ (T GLolB (Sily (izon 5 0 SLOE 5 458 (o
Bl e b a8 o)l d52 ol Ik ced )0 lofg ol 5 Cewl (5050 pamie Lo
S g ewlal sla )l 51 50 Cwad o yian (Weron, 2014:4) o )l cgulin (6,550
Oil8l g g (RalS & e Wlgioe ol po 2B pae &S el G L LRk
1583 5,5 10 Gy il lSal Sew 5y ol 5 (Itaba & Mori, 2017: 2) s5d Sy,
51 o .Sheikh-el-eslami & Seifi, 2006: 1) coul L agus Cwosd pods

!, Lingo



\YO e 30 By oS ugi B0y Alians 4y gl 58,50 9y 4,

Jelge il o e nl 1y el 3 Cead wad Slilugs 3p L oS
03,5 55 3 ey Jms |y o SAE 5 335 i o5 el 5SS 5 sanis
» Gpyaaby slalas 5l s L (Nazari Farsani, Sheikh-El-Eslami, 2019) .zl
slade Sl (oa8ly ceod s Slilug Sl Jlial sla by, b labal ress Sl
5 Sy S e wle (2o )5 ln 3 slalo jo 098 o (AU ) Ak (eSS
Sl ad 515 o Kaegsy Jdiwl 0 )50 glojl (i by, (Roolpiiny aise |
byl 5o wlg o slosl s i .(Nazari Farsani, Sheikh-El-Eslami.,2019)
ML 5 3,65 15 ooliil 550 S5l K5k Lawss ond 35| Slapanas 5l 256 S
sly 1 055 b ales @l Ll & ain LT eanyT o ol (Soe a7 SiLuaBly 5l (5 s
. (Nowotarski & Weron, 2015:2) oS oolel ySan dasl s s 500 g 0y g
' 32400 32093 Ao (o

L am 59, 5l el o Cwd ol caiiSadss o w9, lL ,0 &S558 Gl
o i 50 Cuabid pac 5l (me e (8,515 50 b s g S (o0 (S
38 e g g0 A Bae L 093 sudy slaasly (g5l pogs 4y pladl
s Slatudgaze ol oo i yaelipog> alias (OB ol cu &S lge alex
5 Sl slaples 5 9xly o adgs cod)l Sl 5 iSTas Sl el suddgs slaasly
ol Sllug g3k Card ailge colo j2 50 0y talS g (ialidl £ g il colld
a9k 4 el SIS S alies cpl (g lobine ok 4 oS Cenl (6,550 e sl ole
Vatani ) oS oo crees ) odlgs 9213 (39 Ghgels 5 (2B, Sty e sl JLSn
25 (Sl 2ALT s Bssh s sty S22 055 5l Jol> s . (et al., 2018
oty Sl a5 ale (Pt 05 (o0 518 eolitul 590 aigy (B0leiiy sl
59) Sceed ohga laosls ;o Coalad pas 3925 09l o (3 a0l 393 Alins D
a3 ,50s 5l 059> cnl O Kby 9290 Cuxlad pae b agzlge sl gy0n! 5l Cansl dny

Jalilvand Nejad, ) wslos s 0 e gl (g5lwaiue 5 (Solas 5,40l p yezmen oo
.(etal., 2016: 62

!, Self scheduling



VP piided g oliy 0 kot 3l JUw o rogal Cor prko s lB it 1 \Y?

Hlo—Cwus S (S (7
B )bl 4wl 6l (S0 S (65l Hlade — e (SIS (poslerinn 1l o
oS Slp Gy S bl (sl aie Ales ut (b3 d 5l 6 Sole sl Leges
S e 098 (o0 Il 59,0l ) cels j (ol “-l-’J 2 @) solerin slacwd
polis wad slaaly 5l plaS e lil 4 a5 09l oo ik (SlAisS A (3 a0l pog> Ao
2 easgaze a azg b 1) Sl ojl 0T sy (@) esdsad s (S 2SIl (65500 A
5 Sood ool o 93 0929 g0 (nl jf )3 5 S st g W2y (Shilee
2 Sl eaiSudys Culed 9 298 (o ile aimpe Wlae i (b3 o i
g 09,5) Cawd ayaly 00 JiSTas o) S Bllas (g loged b g el cel YT 51 SO

o a3 b gl 50 <S50 ca Ik e 4

(el SIS L) M@.;_ﬂ

v (SlglE) i

Q; Q2 Q3 Q, Qs Qs Qmax
)‘»\M—w ‘5;&1.' )‘é}bj :‘ O)M J&M}

S g wlgs sl silie slots, sl sl Bls o

b sezlye slp e 45 (53,509, b conliie Loy, (2l Lagos ailoss (J8yme coloiing
S iyaelp 3l loges yldioxe g oo o3ls drwgs b b oﬁfse O S Cpnlad pas
Iy Comlad pae (pl a1 4 a5 Wloo p oype Coxhad pae b agzlse sl (Solas
o sl Jlimt s @b 5l wwes L8 gy 950 dienS b dlngy &0
I Ses S oS eslitul 4t Sl gy eme syl 8,05, 5 Aiws
SNg) sdiged Ceod dy Coalad pus ol arads b oVl las jl 2 5 ol Kaagsy



\YY e 30 By oS ugi B0y Alians 4y gl 58,50 9y 4,

OO 35 Sy b ndi Sy plo oo, cul 5l plaS e (sLad 5o ailony 30 1)l
Omiize 1ALl nlgs Sglae JSb g molie wlpiion Hloges 8L (50 caiSady
Wlosls )‘)5 oolazuw! S0 |) L5’9L°"’° LgLQL)""ﬁ) 4g‘)9.l.]a.4 u_im.l) C_L:...u p.:.'a...v Lg‘)’
&é‘a).; ‘Slpréu’ &)

) 0gd oo plxl Do g0 4w jey JhL 0 aallie (Bay 4 cSl el
Gy S8 bl (oleidan Uy Syge po Ol po eaS eSS e b ases
plod b Clisdsns 3lesh coby pla o 0g aalgs gl 0> B,
5 3l g Cened ool 2 S il 0l Censd & 4 (g SFALITES
Ceosd b EaS o olad 31 (S 5351 5500 bt 4 S9dom plosl ey S50
Sglse g8 Cwd ued Lo gl plad 4 g 0gd e gl B agus
.Shamsini- Ghiasvand, Afshar, Bigdeli, 2015: 19-20 )

a5 Ohgo Sl iegh (ntete oy 4 deldl Ho oalle pealie 4y azg L
el 00 4.._‘>-‘J).> alisee u...Q.Q.‘?LA SS9

Silwaigs 00s, Ly gpjyaelpess aius Bbod [0 gummel g oI5 gl
20k iy Dad s Cedd glacaalad pae 18551 10 b jemme e (Bola
031> 51,8 (g S50 dm 59, il 4 S S G eanSadss sl ok by
oo S oolitd Jan S, 550l (gl oyt S5 ppme 3 il Shens 5l 5
=S 5 0,50, b sy o) Kes 5 ool (Yazdaningjad & Amjady, 2017)
Sropebpogd aliws Jo @y (boyh s (Srae jo (05 jlee by Sk Jleis]
Khaloie, ) wlesls 18 Jliae g3loy sl 5 38 (g, L 1) 55, ¢l Slssl3
i gl Gylal 5 29,5 (Abdollahi, Rashidinejad, & Siano., 2019
S3B S peal g S i esdl Glahs) 5l 6 S b Saeple s yaelipog
5 9 59) 0Lk Gloyea jobar oS wlisls n (Bolai 0,509, b ddamgs (Jow dsng @

! CVaR



VP piided g oliy 0 kot 3l JUw o rogal Cor prko s lB it 1 VYA

8 e ol [B5s S g Ceand glacaahd pos yoged Ll b | ailzgs clasls )3
Joe K @l b ool Ken 5 'gil> (Goroohi Sardou & Ansari, 2020) uss o
Soalad pac gy p dr dm 9y 5l 50 S o melas SGlB L Solad (gl
Jiao, Chen, Qi, Zhao, & ) szl 5,5 Sy 69,559, Lol ojs ol 5 Caasd
6o syl 5 dolad giludigy 5,55, b oL Sen 5 Lelawl .(Peng., 2019
Sipl a5, 5L o plejee S lp Bp eaiSadsl (65 ,ael pog> alivs
5155 Golhsl g9 5 Ceed Glacaakd pas 18,5 A o L), 5 S
o plxl oK ¢ Slulm lawgs a5 ados o (Esmaeily et al., 2017) ol

Gl oas aiBlo  olprinn wlal p CSls p 0gd 4 C‘)’ 50 @olpiing el A
(Khorasani, Monabbati, & Rajabi Mashhadi., 2018)

49 1).._>| a5 Cuwl Combad pae b oapalee o oo gy 5l lginl (glwaigs

5 ookl ol el w35 5 L 5 arg 3jge Coalid pas 05> slagiash
SPol o7y el pas Jole 5l el qujg Sledbl a8 gl yo sl (gjluane
Lo eledee @ ozen Jlotul giludige 09l Come by, (! slacese
s g Sl 4 plitwd ged o A5 050 o0 e JaS Slele (S
SFl il dline (Lo 5 Glyzg sluo 0gd e (e aie slaclyx Jlis ,0)
L (Sosd @55l slols g cod glacadad pae (285 L5 0 b ) (aooleiiny
Nojavan, Zare, & Mohammadi-lvatloo., ) wosls |13 w,p 5,50 gl 5,5,
SIS g e S el (5555 5l lejep eolaiwl L ol Ken 9 oz (2017
lins Jo 0l Ghjg Dad g Ceed Coabid pas lyial ileaige 5 Sledb
Najafi, Pourakbari-Kasmaei, Jasinski, Lehtonen, & ) aczls, (o3 ,40b pogs
1S Sy (69,509, 5 el (gilwdgs S, U oK 5 (5, (Leonowicz., 2022
e sl Coond Ziald pas b agzlye sl )lyl o @elas cobB )l o5
A e slosl & jpoa 1) Cualad pas aS Waged ()b leS a1 (55,40l po9>
5 ks .Jabari, Mohammadi-ivatloo, & Mohammadpourfard., 2019) sas

! jiao



AR e 3 By 0T Ay Bl Ao 4 ,lgiwl 58,509, 1,

Sl g lwdinr slahy; s aeli pogs dlivs gl slasSog) (o) 2 b oS
“Slar (N (Sydm sl gl lagty) Jold Bl Slasl jo ez ge
P sryaelin g Sledbl SIS by, odledsy |) gz —lanr 5 Span
3hothe lyal maw @elas SollBaSls Ll o Slee auslio 4 5 00,57 (>1ibjL
ool 485 )15 wyp g Az 3)9e Geiow (nl po &5 Sl leul slaty; (S
Gdg sleazly (g aelipogs alinse ol San g 015 Sloy (Vatani et al., 2018)
by 3l ookl b g gl (cBg,y by Ceand slaceabad pae (85 Sl 0 L) (g5lxe
)90 35 Sy 9 S 9,555, 90 b Sledlbl BIKS (e (6 5 el (5555
5 Ole>e olus (Yazdaninejad, Amjady, & Dehghan., 2020) wols 1,3 o)y
Sl pue 55 a5 0 bl B Ghgsen S (o SH (5l el s oS
5 nhSew; sbadl @ly el gileange 9,50, L slogl Ojpoar Cuad
(Nojavan, Nourollahi, Pashaei-Didani, & Zare., 2019) ws S )y 3,5 Sen,
oz Gryaelin 09 aies ol el (leaigy Joo S Gl 5 ol asll
pae o ally Joo cnl 5o s S (B sleriny wl)) g 655 an ) SlL eSS0
30 Glosl & jgods il G4l Celw YT 51O 12 50 dhgud Ceond lod a5 Coalad
Gio b oS 555 wald Sl 5l b onys )T Ll Ll e (Sad 5 00l 48,5 L
(S)lgl (ol oy (sl pas dcgemme I Sl bl S le 4 g atienl bl

(Jalilvand Nejad et al,. 2016) wuby ]33l Sige

SOl Joo (e
G oiSadys oavsleiin aliae ln olerin Joo s 4 S onl o
Coprad pas b agzlye )0 ,ole ipgh 5,505, 45 Caul ;5 HLLE el ond als
Dot Ll dged CwnB aS ol oad (58 Jae nl jo 0g dals (556 (69 S,
Gorsd 53 ol Sllogi ol 5 0ad (i Hlke 5 eadimed BB 5l losl (s
oaisSady sl e s paoolpriny Fliel ol ol WS a5 jsbles i
9 Seoed slaaly ad Jol o6 radlioe o5 g0 ol 5 )15k p0 =558 ol 52
20le (S Cuz e SRy%ebpoe> pe0 8 g Ll 4 ad e BB (S Sl ]



VP piided g oliy 0 kot 3l JUw o rogal Cor prko s lB it 1 \Y.

et sl gy Wbl gyl e Ay el (SopsIl 65 ool
Syabpsgs i Gl (Joo G 5 Sl GBL O )0 oleiin lacesd
hoseslnly Gr ol o ase JB (SOl Hl okt ok o5 050 (b
S (s A Oy g0 Caayd
S Cod (B0l - gl o
x5 (01, 0z 4 03) Gilie (55 s0e IS 4 (D) r5ms Seasd gy cnl 50
@ ol oSew Jlade pSTas g JBlas g 0og Op Jolae edt lade 4o sb a4 oo
Ceoid a5 Pr o SBL Joged prw i jslaie 4 og ey O3 9 0 ol oSS
Ol 3 Bl dged Cwed jlas 0sl Wl glaigS 4wl el Tosl ol goleiin
5k 59 P o Slpiing B il 5 SasS il 03] (es Py Oy 45 Celos
(Ormg) oS A5l Cansd 51 (Pr) (soleiinn, Sead (390 5 SzsS 98 4y 3
Gz Wl oo (Alide L)l Sl jo b a8 09d 0 Cgmme (o2haS 1l Codgue S
Slo)l azys aSal (23 L oy o 3 Gl welsd 5l Glgiie o Gl sl 5 09
g gn 000 Joled 1) O jgody 150k Cudgisme e 48,3 i (0 T (53l Coogie
Pm, = (01,02, 03) QD)
Pt =r Pm, ™
5 2lisb slp o ws ueld e il 5 s Al ISl sla s
o 31 Blate aclgd pl 55 (o0 )18 oslitul 9,50 (551 slacusgazme (glu oalad
:(Dehghan, Shafiei Nikabadi, Amiri, Jabbarzadeh, 2018)

Measure {A} = A Possibility{A} + (1-A) Necessity {A}

0<A<I AR

!, possibility
2 .necessity
3 Measure



AR e 3 By 0T Ay Bl Ao 4 ,lgiwl 58,509, 1,

Necessity {A},if A= 0
Measure {A} = { Credibility {A},if A= 0.5 )
Possibility{A},if 4 =1
ol T Glaebl mhaw )3 5 )50 slae b 31 Casguse (Lol a4z (398 i b
129 o0 i S

Me { p:<pm, } =7 o)
0<wn<1
Me { p:<pmm, } = A Pos {p.<p,,.} + (1-A) Nec {p.<p,,. } *)

g oo iy 5 O g0d plill g Sl slalae

1 ifpr =0 o)
Nec{p;<pm, }= % Jif o1 = pr = 03

0 ,ifpr =0,

1 ifpr =0y A
Pos {p;<pm, }= % if o3 =pr =03

0 if pr =03

D ss L yal p) Oyg0h Hie Jlae wlel (651 Cudgame cud B p

1, ifpr=o0 *)
03— .
Me { pr<pm, } = A0 if 02 S pe =03+ (1- A)

0, ifpr=o3



VP piided g oliy 0 kot 3l JUw o rogal Cor prko s lB it 1 \YY
1, ff Pt =0y

%2 Pt .
If o = = 0
oy—0y for=p: 2

0, ifp=0,

Dgdsn bos pied e ol jo

1, if pr =0y ()
N A-I—(l—z’_\)(%),ifaliiptiaz
Me { ptSpmt } = O3~ Pt g l,
A —=——, if 6, < p; = 03
3= 0,
0, ifpt = 03

oslawl py abaly 51 T Gliwebl maw ;o caslin Pr b lp 358 @5 plo

1995 0
Me{pm =p. } 21 = A+(1—.&)(%)21T v
= p,< (m—0) (o~ )+(A—1)a, A\Y)

A-1
(r—A)(op—01)+(A-1)o;
A—1

28,5 5100 G ik 4 ol S plaisa (g o
colin pay S 5 alater Sl sl GBSl e 5 S S g b Sl
@1 Pt Sboj o3l sl golpinn 414] slawy cay i jehaie 4 Cud 5 ol 4ol
2 Gl A Sl polie jaass b wwdd pooliny SBL loges b cgs
O 2 85wl iss b ailing 5l il & g0t Pr Cod golgiing SISk Hlogei aly
&g cnl )3 0B asleS e 5 eaiS o by Gl sletday B pdy S @ ywa
Yo o Gopdy el aShy5b 4 (+=B) o)l 5 cdlo o pailinns o Jol golerinn
B o il s 3 AT Al a aalyS easSays wle oo Sy Js o3

, cool Pr Jade sl YU o> G oS Obe iy onl @



\YY e 3 By 0T Ay Bl Ao 4 ,lgiwl 58,509, 1,

Q2lg3 eaiiSadgr wle ol ogm (Js 009 o5 ] (i ISl a5 ek a5 (V=A) o)l
125 Sybion o Sleiy e ISl A QI L el 5 ol e sloal 3
5 S Semy 3 e ar olpiday slaaly o3 cnlar s wbioe Gl ke sg (Bse
Sgd o0 Lt 0aiiSadgr QL 4y oS cenl lebsl v b Cosgusme slol ax o TT
ol o )] S>g8 polie Ll § o5 S, Lol jor )] 55 polie Gl a5 69k @
);.)Lﬂ.o » 09)19 u‘y‘s,o OL@‘.\........: 6LQAL )‘\.\.o.a Ml.?r.a Lg‘)" ..)9.3 M‘? él.a) c_im.:) L:
as 63‘4;:.3‘ slaal, &l a5 emuids ges oolawl 55 T (6l @5&“ polas A Sglaie
s_img.) o‘).o.m J..:L’ as @LQ...:‘ Lsledsl.) 6‘).3 9 )ka)).: )JQLOA s.\.wla fJ \im.?.) l) o‘).o.tb d..:l;
SEL bges 0l lo assl ply g Ol Tl 65 SgS polie Wil i
LY A olpis slaals ;o sl ool ools ioles JSi 0 4 jsbylen og dales
il g5y ol sloaly By Sy B e 8IS gy T 5 ol

&b

Py (=0 . 4=1)
Py (M= 0.1, A*=.9)
py (Mm=02, A*=28)

ps (M= 0.7 ,A*=3)
P3

p, B0 P A= 1)
p (=1, A=)

|- .
LR VN

i ujLn.».o oLa.».n.b’ ol C"‘"“” 39 QLQ‘M W ‘Slbd..b Y o)l.o.& L
Jae Glassgyy olyear ol polie 5l wad SISk jloges 6xSUSE 5l
Sl aly 2 b bl oolpiiny (oS 6551 Jlade el Sz 5,00l 095
ng;.i‘ 6‘5‘*@.—‘-'-“-‘-' ﬁél.?bo O asuie g (_g)‘.uculj).‘:o? JM ‘_glj.?‘ [PV J.m‘? oolazu!

SEL Jloged g esum; plodl 4 poolpiinn wnld el Al e gl 4 (S S



VP piided g oliy 0 kot 3l JUw o rogal Cor prko s lB it 1 V¥

aolgz 30 1L 5o &S 1 6l I o pe e &1 LB ool ol ol Hlode-celd

g
(ooleiiny gy bl 2 ooad sl S Gliig laaly (S ) o o
L a0 995 G pducSn, olie ply OB X S el el 00l o0ly ioles
6,8 Al mhaw b gillae Jglite slaaly A 5 T & (5,500 caliss polie aass

IVELEN E PP
(Guind gLadl) — U, Hl38 00— golgiudiony Cuoud (gldaly duwlxo Yo )lods Jou

oS aly pd s ey pewaly Jol &by el

AFY ££Y/Y0 Y15 feooNnY FAV/O )

Vera £21/0 Y- /55 £oo0Y0 YAY

AAAID FAAYD FYE/NT £.5I8Y . r

qr- FAAVO £+ AY FYSIAY £1Y/0 )y

VYA /0 EAY/IVO £8- 155 FYE/PY Y0 Iz

A4 £a£/Y0 FOY/0 Y /5Y FAV/D )F

Ay £YY £YAISS £-¥/0 va. Y

ATY fYY frY Y £ rr

AYVIO ££Y/0 FY - JAY oo FAV/O rr

Slegudiny (bl &S0 (509, L (5 32 )20l 2395 oo (53l Juo —pgo o8

595 00k 5 S8 sl Br eaSady ol Gl Sy el b lL e
oS 65l polie Wb (oolpiinn laced a5l e (oS (655 A
Joo S aine ileange wwld SO o ) cele o0 Cwd e Gl 4 oy
b 4 ol LB Q) (Ko 6550 e olie (el Sz 5 iy0ebipogs
Vg Ojgets oo sloyiall ogdioo gib (O) L 4 oleiin Ced T3l 4
g e Ly yal



\Yo e 3 By 0T Ay Bl Ao 4 ,lgiwl 58,509, 1,

bz g b oyl (b o kY o)l Jgu

(> i

Qr oJg sl 't Sles o3k 0 s ans | C(Qy)

S oo Sudgs Of Qﬂﬁédljlgst‘s‘;u) ok oS oy Jlade | Q

(elo Sl ey 03k )0 pl] 03l 25 (29,5 U5 | @by

35 plosl adgs U gloj o3l 5l ol o3l 5 58 ol 8 el Sl oS S g Sho it | Byt

05 plnil s T Sloj o3l 0 o8 0 sl S il oS G g ho e | Uy

ol ansls Gigy8 olgain T Slej o3 10 ol o el Gl a5 G g yho yuiie I;

b yel)ly
sllely 5L anse | U Skl BB s i | p
abys b ,e anze | 7P TSl o5l o 5k 4 (ol cnd Pt
oo b Djgo 0 o8 gads Gl JBlas |03l 50 (50 (eSS ik drged ZeB | P,
e oy x> b als 5 ol Q t ol
s oy Sl | gmaxl UGl ol ,o (Bly b s ced | Py,
Sy s Ll 03l 50 suds ol ST opm| s>y Gog Ghsels b (b9, Sy | uf
(celo SIglKe) ] Siyaabip 33l slal
(celo | Dga) &g al8l g5 Sla> | RUP Sy anse Bl | oo
(el [ DlglKe) oy 2alS &5 i3Sl | pdow Ay 0,58 celu o colb ay e o
[ lslSe) g Sl adgs malidl ¢ RSU el ol 5o ol il 4 g ansa .
(cels (cels SIglSe 1L ) algs simie 7
@iy >y oy gl adgy melS £y RSD ol el )0 sazme (g5llely a e IS osu
- CcoSty
(celu] SlglKe) t
Sip o | M el cels o g5 anysa S | costy?
[FYRWeRE]
Sl ase o duSl oo slaojl ) \ J \ 39; 8l olebs \ T

Lol 00l o i g &l oals 2l (g5 a0l pogS oL, Juw aslsl o

Max: ")
2= [ (X)), Qbje + Q™M 1) — C(Q)]

St:

C(Qe) =coup +Xjci. Qbj, +¢. Q™M™ u(t)+ v (%)



VEe) (aiid g oloiy 0 lod o3l JUs  sopas o prto (Lo yidg 3 \Y¥

cost 3V + cost 2P

Qbj. = QbY_QbY', VRN (22
Qb;, = QbT" — QbI"; - M. (1 —bjsy,) VO (77)
Qb,, = Qb — Q™™ vt (YY)
Qby: = Qb™ — Q™M™ — M. (1 — by,) vt (M)
£.Qbj = b;; =M. Qb;, vt (19)
Q.= Ej ij,t + Qmm- U vt (Y*)
cost?V = ¢SV (u, — up_y) =2, ... Nz (YY)
costs® = 5P (upqy — uy) =2, ... Ny (YY)
cost?V = ¢SV (u; —u?) (Y7)
costi? = 50 (u® —uy) (YY)
Qe+1 -G = RVP u, + RSV (1 — up) =L Nr ol (Y9)
Ge - Qes1 = Rdown Upsq + RSD (1 o ut+1) t=1,...,Ns-1 (\‘ ?)
u(t) = I(t) vt (YY)
I(t) , u(t) , bjr € {0,1} vt (YM)

1c¢,;, = = p Vi A\
I (Om, + Pt) = {0 p:hrim{ ’ft{ Pm, (Y1)

my = Pt = Pmax

5 Gr bt @ slrin Gl Sipe o eanSady Sew Kly 8 Sae &b
Sl anse g Ghg el Sole 5o 5l ceol am 5y el Y (gl mosleiiny
oS 5550 axly Qp polie 0y slaasje gaeme Jolis Jolis g 05 oo JoSis
2 6l Pr @it st lil 4 @) polie plon gy slaslys ggaza
Sl de = 1) celo ol j0 Pr sed slpin od adpdy Oygo 40 Celu
bt 5 Sl sl el oy ade 5l e if (b adg e 2 aSul]
ol 55 Nj T ol 2 o5 5o ol 4y o eolitas] s a1l ol Sy 5l eyl (o
Gj byl oy SIglSe so il ojl 25 2 Gln g alise 5 5 25 e el
25 0l 5 g auze @Djo) ejl nj e 50 sads ke po ol po b aS ail s
D9 oo dplne o3l



\YY e 3 By 0T Ay Bl Ao 4 ,lgiwl 58,509, 1,

e el (S S 65,31 0l Qp e asi (T3l 4 as aiyze b LSl VE aka,
Al Wb T gles o3l )0 o590 (y0gr (pby) Djg0 50 45 el (g)lake Bl Qmm
O (idred g WS (o0 et ) 03b p 5o 50 o (Gl VA BN Laily, 09
kb ol i a5 25die ool et gylde Gloy i o3l n) e 4y aS WS e
oo LS 1y axly U5 (2 Ve, adl axs )5 108 eolisl 50 oS j5boay
51,8 oolaiwl 5,50 d>lg daze (gjlailely g adg glral j dwlxe Slp YT U Y)Y Lalg,
) axly (slaslely o B35 255 9 (29,5 Ml g ol £ V7 5 VO Lulg, wilazs S
Usles ol o (s aoly og JUd a8 coul (nl [k VY abaly oo oo (L3S
03k 55 Caml S S0 sl 41 5 Cans (Sl 03l T 53 g bl (slixe 4 Loy
alal, ((1)=0) wsl sl (o958 Jg U(D)=1) sl adg jlae jo oy T Slej
FS ez 5k gud Cuad Sl L A goliing S a3 550 j0 0I5 e Gl YO
25055 e S slie | e g 0050d (08 oud aidndy 1) by 8 oleidiy Joe il
28 50 o ke | piie 5 00gad ()8 00k o) 1) (a9, Sty Joe Dyge ol ed

b ool Joleo YR alas]

If (pr < Pm,) Lt (O, » P2)=1 ¥-)
Else: I; (Pm, , P£)=0

(S, gooe M) coul oss Jow o & j90 4 a5
M.I; + pr = pp, V)
pe-M(-L) = pr o)

Slpidiy abl faS Soed dgud Cuad Sl eaiiSaly olpidny Cwd 5 Sl o
YY o 7Y Laly, B 0,nSs S0 Jlade b Ip jestie Sl ol )o ol aalys 4ty Yloos!

oS dgad Ceed 5l s caiSady solpiin Gl a5 Il yo bl 3
Lulg )b 0,5 jao Jlade b [ piie > ol o 0l walgs o, Yl Slgaioy il

Aok 8, 38



VP piided g oliy 0 kot 3l JUw o rogal Cor prko s lB it 1 VYA

poe Ol Gloged 4 il a5 0900 (o] ol (el nd crge oo o 536 Ll 092
aS el sogpre (551 das G 5l gadad sae SO og TS 9S ged Bk |y Coslad
95 B A5 oo ipabl Sl il ka3

Pt = Pm, = Pt =n Pm, (T

L oogd Biowe Wb 658 Covgasme ol (TD) licebl mlaws (o a5 wiS o Lo YT dla
VY alal) 5w e oy 28l 358 Cudgaste 5,8, pae Saw, T jlade il
Lo bl boo b olgias |, YT alasl, S o log 3806 cobls (6 5L oliab] mlau
23,5 (omghil ) b Ojgods 5 ) (Bt LI IT lebl a2 s

{Pﬁr;r = (01,07 ,03) (YY)

N - credibility[ p, < =] = =
Pe Zx Pm, Y pe < pm]

- p = 6, — @2nm—1)(6, — 6,) )

by Oye0 w56 liel jlae wlol o VY o VY Lalg, YO o YT Ly, plo

e
MI, +p, = Pm, > P+ M () = 6, — (2r—1)(6, — 6;) X%
pe - M (1-I) (YY)

= Pm, 2 Pe— MU -1) =6, —(@2r—1)(6;, —6;)

G350 28,5 18 e 350 Joe sl elily g) Comles Julo b Jowe jlisl
i 45530 5 (el b iy ile cob by )yl b e mels L il
I8 00l 0y5e 0 Sl L Ly raghy ool Gulal 5 org 5 sla i il o
aile ol yielb Jlade 5o yess b aSnl 4 axgs b sl 9l 3 )90 o Ll 5.5
Soxdy (b Ghgels 5 2By, Lb e anie Wy Gl STas g Sl g e
(958 Goling el § agud Glacwd Wy adsl (g Jhgels b (pds,

8,8 18 KW S 90 Joo jlael caiols lis 0g5 5l salaie L3, Jow slo 9,5

! credibility



AR e 3 By 0T Ay Bl Ao 4 ,lgiwl 58,509, 1,

iz laobl gk 5 (S 381 65 6l adgi polie :Wo,led Jgur

oue JLo
oy, e8 opl ol o0 V94.2 o ) B 95 Sl (658 ol g, SO dnlllas 040

Bbse Glnl )3 02 5 slag
IS e sl laie — Cwed S loges YY csolpiing Jow sl 5l Jols gl
Sty Sopde g cwlie GpSpedl jslite 4 g alys an g, cele VY
loay slass )b 0o (0 alizee polie) (lpebl whaw 2 Sl 4 oo (655 oS
i 5l dged wix o 4 Jow slhal Glads og ol Jdo 4 cenl ouls | 2] (Coond
g ol o lo> aly &lp olpinn Jow 6.5 54 5 0dw] Cewd QG ls el oo s
ol ool ools (Las ¥ Jgao o lasebl 1 alisee Falaw

Slels
Qﬂ'=0.1 Qﬂ'=0.2 Qﬂ'=0.3 Qﬂ'=0.4 Qﬂ'=0.5 Qﬂ'=0.6 er:ﬂ.? Qﬂ'=0.8 Qﬂ'=0 er: )
9
Vo AR Vo AR Vo AR \o- Y. \
Vo A\ Vo VO VO VO VO v AR
Vo A Vo A\ VO VO VO VO A
Vo AN Vo VO Vo AR Vo Y. Yy
>4 1
= = = = = = = <
~ ~o ~o ~ ~o ~ ~ =3 K
= = = = = = = =2 o
& & & & & & & ~o
e e e e e e e < s 152

i ol 5 Al o oolgrin Cuand b Lblie ooy oSl g5 ol
o ool Ligls ¥ Jgaz 50 5 dmsle Jgl sl 1o 636 el Jlno slive 5y o)lipobs!
po b b jblie gods @5l ke A Gloebl gl 5 ¥ Jgur @l ool



VP piided g oliy 0 kot 3l JUw o rogal Cor prko s lB it 1 \¥e

il Slde g Vo plp Cod p)lez aly b Bl gudgs (6550 Hlade VB- plp cuod

g dalsS Dlsle jho pl e panny aly b bl oy

Yoelo 6lp @5 55k & &1y gz cwnd b aly 151 4 adgs polio :Fo,lods Jguor

(Olgle) T calizee polie slyl 4 0dgs polie

T=01 7=03 n=03 r=04 w=05 w=0§ w=07 w=0§ w=09 wx=1

VO VO VO VO VO VO VO VO VO VO Jsl aly

VO VO VO VO VO VO VO VO VO . pgo aly

e [ vee [ vee [ ovee [ e [ e | e | e . . el

VO V0 VO V0 V0 V0 VO Y- . . ool aly

VO V0 VO V0 V0 V0 & . . . oz aly

VO V0 VO V0 V0 & . . . . oty aly

V0. \0- Y- - . . . . . . i aly
i aly

w1 S Wb ol (Sl Ojg0 a4 Gl (pair b eoolpiin 4 bl g0 )0
g yastine Ayl |y saiiSadey Jai o400 ylielol b o ol aid dy Ol as

A

Po=Fas |. o o - | |
Ps=rsp |mmmmmm e — !
Pazryy===mmmmmmmmm e m e - - — | :
P3=sp. fFommmmmmmm - S — : : \
Pa=sers [T""""7 — i : : :
Pi=yy : ' i \ '

: ! ! : ! !

v

T o=+/F Gl Ve el 5o Hlado caond S Hloged ¥ o lods JSC&



VFY e 3 By 0T Ay Bl Ao 4 ,lgiwl 58,509, 1,

= “..
r 3

P3=vr.

1
Pa=svis oo _____ |

1
Pr=rva —i
1

A J

T =+/A 6‘)‘ L Vo celw J° )'AM Mgﬁ ‘5415.1.’ )‘é’-od' :fO)LDJ;) J&»)

FoV Glodsss )oT =¢/A s T =+/F sl 4 Ve Celu lp cwad S jlogas
mhs o ol asie T g ¥ USE glayloged 5o a5 jshilen canl o osls les
5 amdly ol adpdy OBl el golgriny aly oo Gl Al an L A Gleabl
o2 Y plaabl mhaw )3 a8 e (858 0ad o) ) holeiiny slaaly 4l caSuly
P8 oad o) o aly 4y 5 axdls Gud adpdy Gl oty slatierd laly b
odd adpdy loaly ol 4 ki S (poskiin lp eaSady 900l 0gd o0
Sy Sl g wiS (oo wdgs Syl pladl g Sl liebl mlan 3 el
S (oo ol 0D A8 ppdy (Slo Crerd (m olgSHds 1) 095
oL Joo 5)lgiml (o) 2

oo sla el o5 Sl (dme (s (2had pf o el (6l (s)lgnl aw pelais
Syge ) ek e SV led Gln a5 Wsd @aS GlieS A sl gileaige
Sl iy Bl it 5 Arge olzed At duls syl o sdgae 3 ooy
Sl ol )y yyolie a5 el Cosiy Caadly sl &z g b ategs gely o6 gl el ,2 4o
ol i 5| Bl oy 00 Mie) S5 3,00 lisabl alold |5 wilg oo oxkid
Al Cawd T 0g3  Sige Buaa ol aSl ygas caldl atils lugs (Gl 0,90 il )l
OoI0,158 L g (alad Cllo yo alis )b SO (eolpiing Joe §)lgtnl (omy Gl g, 0l
b g (ool slado 5l Glugs alides zolaw )3 500 )b g Coahad pae sl pite (sonl e
(S sl Gioris g 53] 31 g on alie gl 5 005 > s0lgiiny sl Jas



VP piided g oliy 0 kot 3l JUw o rogal Cor prko s lB it 1 VFY

Gl 4 (giloas cuul oo solaiul (gilwacs 5l 8ly byl s o golpring Jow
» ol ceaS bl jslaie 4 aF cul alad 8 sla el £98y (o5lesae
polde ol olaws adei b aS iy ol 4y 0,5 oo 1,8 colaiul 0 60 Slginl (g5luaig,
Ve b a0V s Sllag b [ o jlaiet(logs aoys # (comsl Jaio)] o3b yo Bolas
ouls pll (g5l and Budo .l ool Al s bavgie g 1>l Dlads 4 Jow ws)o
(Cad e loaly) golpainn leiwl > 5 (Cuod coml Jlake) (oadad > (gl
50 add e Hlas sdel Cussy @l sl 00l puw O JSKE Joged Sygo 4 gl
e g e (Glugs Ol 2 Sl B aged Glacuard ol polie &l & )50
Slade iy B ol slaaly )0 cgolening by, slacesd dil ) Sjgo 10 (Jy 09 wale>
Lol e w20 U pids sloaly lil 4 g code iz Sllug Sl 4 g lawgio
Sllogs alS Ghl & pgs 5 Jol slo aly )0 dgw Jlade 358 0 oualive a5 j5blen
ol i 5l Ceend gaoyo Vo lugi B pgu aly jo il Coll el ok 5l Cend
(ol Hlade 1o )0 Ar Glug U aSy b 4y S oo oy Bzl s 9 2ol S
Gao,0 00 Hlog B ogw lade oo,lez aly )0 .auS o oy Bl il 0o 0 O U ogu laie
e 5l Caed guo )3 A g A Ve B Glaglug sl 4 g col el Hlade 5l cld
B ooy aly 0 Sgw laie i o oy GBlpmil oyo B0 5 FY Y Y Gy a4 o
Fode Fosloplog @il @ e 5 o gl s | Ced 500y Yo g’
5 AY VALY 7 N ol a4 oS 5 4 el Hlade 3l Ceend sao,0 A g AL Y
ol g 09 waler aie dgw Lawgie Jlade YU 4 O aly 5l auS o lay Bl il oo Ve
ey Olele 51 gogame slaws jo ladd laal, ol il @ a5 conl ol Jdo @ diie
Jo 4 45 09dga o) Caad Sloddny Dlelu 4y )3 g 0gd 0 AV pdy Ceod Sty

Sy dalys e g o g (0 g, sleas e



VFY e 3 By 0T Ay Bl Ao 4 ,lgiwl 58,509, 1,

W‘ )‘»\M }‘ 6-«0-35 L QG UULM’S ) ‘Séw ‘sl.bd.b )l:é) )‘é}od‘ 3A°)M J&w
A 9Tt Gl g 0lio (g1l &

T liseo woldo gl as g A=+/F I3l & (golpmiiny slaaly jLB, 510405 :F 0 Lo &

T 9 wl.t A u.]l.’> 9.) )Q J..\.A O 45‘)‘ Coud QLQM LJ‘"j) ;M..Du )J‘ o r ‘5‘).:

A o jo 28505 sy 0550 @l 5 L2l eiie A g Cull T e 5 jitie
A=1F 1o dgu Glime opyiion &S5 ob Latuine il gl cwyp b juiie T 5 Colf
HLdy g ol Al alie gl T g A=+ /F L oolprany sloals 5, cpl 5l ol o 3l

sanlice 45 joluilen 0B ey 5SS oges 40 5 dmwle cilizee Slilug o Ll



VP piided g oliy 0 kot 3l JUw o rogal Cor prko s lB it 1 \FF

uL*“ °95 }‘ S )L';é) 6)‘9:‘”‘" /J‘” }‘ N JK“’ )“53‘*5 L S Cond kSL""\li °9*i"‘5°
...\;.MLSQJ

A Glizeo yolio gl @ g Tl=+/0 I3l 4 (golpauiny slaaly jLd; jlogei :V o, lois I

A 0l e it o cwyp b opae A g el Tl VO SE loges o
Ay TO=o 1 b olyii sloaly o, cpl 5 a8l o BT T0 =/ 10 Sgms olme o
sanlive 45 johilen i dubone cilien Sllugs o Ll U5, 5w azsle Gilisee sl
Sl sye 58, g)laial Sl 510 UG jloged 4 Cns Cad gloaly 55 )b (pl 0ed o0
B i L 39>

Ty A ke 90 50 50 5t Gelol 29 ) ooz 5o a5 cead sloaly 5, cal |
Sl (nl g wws oo Glas 095 5l blag pln po 1) lb on i il ool dculns
2l oe soleting (p3Cued Zongllas

G S Al g Caxy

So ]y skt altes Gk s Cad aha8 s ble G 16, L6 o
bl 4 el eaisSadey g oS g howd Coshd pae lalpd o gilwaigs aies

2l o lgel Joe Siegh (pl )0 0g dalgs coalad pae (I b agxlge slp 59,509,



\Fo e 3 By 0T Ay Bl Ao 4 ,lgiwl 58,509, 1,

g 5 G55 5 el oo ] (6 lstl gelans elats CarblB b Caogd Copabal e
g b Glaebl 5l bt zolaw )0 Cuad Sllugh 4 Cond 00 ol el
GlisS 4y Cuad slaaly Jsl o5 55 a5 Cosl oud g5,z 5k a5 95 50 (ool b,
Gondy e Sy bl YL laaly 4 cod Soml lealy a5 005 s
4 e ol (pl &Sl Gl s Sy (pl ol (BTG 5 @ yaia 5 28l 6 S
G bk el it Ll il b agzlse jo 0aisS sl (S peeal &j08 Rl
2 @B 92ly dn Gyaelinsg® jhie 4 lyinl (Joe pgs ol j0 0l wales
N Olsie 4 Jol o8 slaccad 331 L aS 00,5 7 )b oy, 8 slacusgase wlul
e Spgo ]y (Fond aly j2 50 (815 5 wxly adgh dnge liee (e slos39)9
solys el oaiSady ogllae Gliebl maw jo 5 5, bl @l glacels o
Sl

Glwand 5 Comlas Julod sloo,Sos) 5l eoleiday Ghsy (e lisl g
Sguw Zumhdoae olib jo aliBre Gllugi £489 L aS ol ools lad g ol ool
Vg ) glealy o aein jsb a4 og vl gl lws alize glaaly )0 0ad Jol>
Olwg 2,0 00 B p)lezr aly 5o (plugi 9o)s Vo b pgus aly )3 daplug alS 4 Cos
shlo el 351 ponal g ool Laa> Sgw (S (lug o0 Yo U o aly jo
Dg aales (6, lgiul

st g Al 45 a3 gl il Je 6,55 5] ol b5 ipan
gl U pgw aly M=/ B Lol ol sl) & pgd aly (lebl ol S ()l
A= J9 liod! gelans b aonty aly =+ Y liabsl b b ooz aly M=+ /A olieb
) oothae mbs T=o /Y lebl ghaw U ptde aly o T= /0 lpebl ghaw b it aly
BRIV PE JON-SP PPN L SOV P g 0

Olambl zhaws 10 5 6l S (lime 4 azgi b Ailgh oo saiSasl 8 Azl o
5 e Bl Gy hl a oleiiny Cwnd (lsie ) laaly cnl 5l golasd gt sl
25 Sy SMlS Sy 355 ot @l oged lde obite 4 L ol
3F ST Y ierd slaaly gie (6 Koy b oS Y 5 ) ied sladly



VEe) (aiid g oloiy 0 lod o3l JUs  sopas o prto (Lo yidg 3 \¥#

G ok 3 (@odleiing Gl plore 4 1) 0 9 T (ed slaaly pdh S ) caiSudys
Aaws 18 eolawl 8,40

a0 e bl Cls o aliis (Jow o Slas Glanlie owyp ka4 Colyd o
Lylys o oo Slee 5 00,8 o 15k Ceond coml Hlode b g Coad Conlad pae 18,5
30 bl Jow 4 Cond vg Hhaie 5l 6 0,8 les liedsl Zalaw adST o golprig
Cnls aalgs Coshd suc g48g bl X

@5 x5y 5k 50 S8 ln @S aedl 4 byo Ghaghy nl o &S ol
ailgs oo GBS adsl « dmy 59, 5L pegdle AUl 4 Az gl g oal asle (S S
o0z by SerSl 65l 9,5, Lk 0o pleyer jsb 4Ty vg gudy (oSl (655l
Sy Gl b Sae adly ailegs slasls)l3 &b 51 L g wwilay (92 4 58 55
GBS Ayl S o 51 Slidss gl il ce aeaddle o) Kimgh 13 cisd alelas
So 595 5L LU 00 58 1 650 905, Lk b s 5 Gus 9 aslegs slaslyl 8 ol
7 C il mgh cnl j0 ALl 4 Az g b ioren aied JIE ) n 3550

VTR P gy Sy90 i |y sl S 1o 1y pundlSe

b @le
diw slylib Coxhd pac jga 0 o0l GBS ULy S ppeaal (VAT L L& 0 ]
b iy (65 5 ciato eSS e oSl 5,358 el b

References

Aien, M., Rashidinejad, M., Fotuhi-Firuzabad, M., (2015), GENCO’s Decision
Making Considering Power Market Uncertainties, Graduate University of
Advanced Technology, Energy Department, kerman. (In Persian)

Dehghan, E., Sha, M., Amiri, M., & Jabbarzadeh, A. (2018). Computers &
Industrial Engineering Hybrid robust , stochastic and possibilistic
programming for closed-loop supply chain network design. 123(May), 220—
231.

Esmaeily, A., Ahmadi, A., Raeisi, F., Ahmadi, M. R., Esmaeel Nezhad, A., &
Janghorbani, M. (2017). Evaluating the effectiveness of mixed-integer linear



\FV e 3 By 0T Ay Bl Ao 4 ,lgiwl 58,509, 1,

programming for day-ahead hydro-thermal self-scheduling considering price
uncertainty and forced outage rate. Energy, 122, 182-193.

Farsaee, A., Nazemi, A. (2015), Computing Competitive Equilibrium in Pay-
as-Bid Auction, Quarterly Energy Economics Review.

Goroohi Sardou, I., & Ansari, M. (2020). Risk-constrained self-scheduling of a
generation company considering natural gas flexibilities for wind energy
integration. Journal of Renewable and Sustainable Energy, 12(1).

Itaba, S., & Mori, H. (2017). A Fuzzy-Preconditioned GRBFN Model for
Electricity Price Forecasting. Procedia Computer Science, 114, 441-448.
Jabari, F., Mohammadi-ivatloo, B., & Mohammadpourfard, M. (2019). Robust
optimal self-scheduling of potable water and power producers under

uncertain electricity prices. Applied Thermal Engineering, 162.

Jiao, P. H., Chen, J. J., Qi, B. X, Zhao, Y. L., & Peng, K. (2019). Electricity
price driven active distribution network planning considering uncertain wind
power and electricity price. International Journal of Electrical Power and
Energy Systems, 107, 422-437.

Khaloie, H., Abdollahi, A., Rashidinejad, M., & Siano, P. (2019). Risk-based
probabilistic-possibilistic  self-scheduling considering high-impact low-
probability events uncertainty. International Journal of Electrical Power and
Energy Systems, 110(February 2018), 598-612.

Khorasani, J., Monabbati, E., & Mashhadi, H. R. (2018). Designing an Optimal
Linear Bid Function in a Pay-as-Bid Electricity Market. In International
Journal of Industrial Electronics, Control and Optimization .© 2018 IECO...
(Vol. 1, Issue 2).

Najafi, A., Pourakbari-Kasmaei, M., Jasinski, M., Lehtonen, M., & Leonowicz,
Z. (2022). A medium-term hybrid IGDT-Robust optimization model for
optimal self scheduling of multi-carrier energy systems. Energy, 238.

Nojavan, S., Nourollahi, R., Pashaei-Didani, H., & Zare, K. (2019).
Uncertainty-based electricity procurement by retailer using robust
optimization approach in the presence of demand response exchange.
International Journal of Electrical Power and Energy Systems, 105(January
2018), 237-248.

Nojavan, S., Zare, K., & Mohammadi-lvatloo, B. (2017). Robust bidding and
offering strategies of electricity retailer under multi-tariff pricing. Energy
Economics, 68, 359-372.

Nowotarski, J., & Weron, R. (2015). Computing electricity spot price prediction
intervals using quantile regression and forecast averaging. Computational
Statistics, 30(3), 791-803.



VP piided g oliy 0 kot 3l JUw o rogal Cor prko s lB it 1 VFA

Sheikh-el-eslami, M. K., & Seifi, H. (2006). Short-term electricity price
forecasting using a fuzzy stochastic predictor. IEEE Power Engineering
Society General Meeting, 2006, pp. 5 pp.-,

Vatani, B., Chowdhury, B., Dehghan, S., & Amjady, N. (2018). A critical
review of robust self-scheduling for generation companies under electricity
price uncertainty. International Journal of Electrical Power and Energy
Systems, 97, 428-439.

Weron, R. (2014). Electricity price forecasting: A review of the state-of-the-art
with a look into the future. International Journal of Forecasting, 30(4), 1030—
1081.

Yazdaninejad, M., & Amjady, N. (2017). Risk-minimizing stochastic self-
scheduling model for microgrid in day-ahead electricity market.
International Transactions on Electrical Energy Systems, 27(5).

Yazdaninejad, M., Amjady, N., & Dehghan, S. (2020). VPP Self-Scheduling
Strategy Using Multi-Horizon IGDT, Enhanced Normalized Normal
Constraint, and Bi-Directional Decision-Making Approach. |EEE
Transactions on Smart Grid, 11(4), 3632—3645.



	5 
	5-5 

